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CH-6: MOLECULAR BASIS OF INHERITANCE

INTRODUCTION
 Molecular Biology is a relatively young branch of Biology.

 Warren Weaver recognised the importance of physical and chemical approach to Biology and
introduced the term Molecular Biology.

 Molecular Biology was developed due to convergence of Genetics, Physics and Biochemistry

 Molecular Biology began in 1953 with the proposal of double helix model of DNA by Watson &
Crick

 F.H.C Crick prosposed a thesis on x-ray diffraction of polypeptides and proteins

 THE DNA

* DNA is a long polymer of deoxyribonucleotides.

* The length of DNA is usually defined as number of nucleotides (or a pair of nucleotide
referred to as base pairs) present in it.

* This also is the characteristic of an organism. For example, a bacteriophage known as 174 
has 5386 nucleotides. Bacteriophage lambda has 48502 base pairs (bp) , Escherichia coli has

64.6 10 bp and haploid content of human DNA is 93.3 10 bp.
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STRUCTURE OF POLYNUCLEOTIDE CHAIN

* The chemical structure of a polynucleotide chain (DNA or RNA) .

* A nucleotide has three components - a nitrogenous base, a pentose sugar (ribose in case of
RNA, and deoxyribose for DNA) , and a phosphate group.

* There are two types of nitrogenous bases -Purines (Adenine and Guanine) and Pyrimidines
(Cytosine, Uracil and Thymine) . Cytosine, adenine, guanine are common for both DNA and RNA
and Thymine is present in DNA. Uracil is present in RNA at the place of Thymine.

* A nitrogenous base is linked to the OH of 1'C  pentose sugar through a N-glycosidic linkage to
form a nucleoside, such as adenosine or deoxyadenosine, guanosine or deoxyguanosine, cytidine
or deoxycytidine and uridine or deoxythymidine.

* When a phosphate group is linked to OH of 5'C  of a nucleoside through phosphoester linkage,
a corresponding nucleotide (or deoxynucleotide depending upon the type of sugar present) is
formed. Two nucleotides are linked through 3’-5’ phosphodiester linkage to form a dinucleotide.

* More nucleotides can be joined in such a manner to form a polynucleotide chain.

* A polymer thus formed has at one end a free phosphate moiety at 5’ phosphate 5’-end of ribose
sugar, which is referred to as 5’-end of polynucleotide chain.

* Similarly, at the other end of the polymer the sugar has a free of 3' -OH group which is referred
to as 3’-end of the polynucleotide chain.

* The backbone in a polynucleotide chain is formed by sugar and phosphates. The nitrogenous bases
linked to sugar moiety project from the backbone

* In RNA, every nucleotide residue has an additional -OH group present at 2’-position in the ribose,
Also, in RNA the uracil is found at the place of thymine (5-methyl uracil, another chemical name
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for thymine) .

* DNA as an acidic substance present in nucleus was first identified by Friedrich Miescher in
1869.

* He named it as ‘Nuclein’ However, due to technical limitation in isolating such a long polymer
intact, the elucidation of structure of DNA remained elusive for a very long period of time.

* It was only  in 1953 that James Watson and Francis Crick, based on the X-ray diffraction data
produced by Maurice Wilkins and Rosalind Franklin, proposed a very simple but famous Double
Helix model for the structure of DNA.

* One of the hallmarks of their proposition was base pairing between the two strands of
polynucleotide chains.

* However, this proposition was also based on the observation of Erwin Chargaff that for a double
stranded DNA, the ratios between Adenine and Thymine and Guanine and Cytosine are constant
and equals one.

CHARGAFF’S RULES

 E. Chargaff and his colleagues (1949) at Columbia  analysed the composition of DNA from
various sources by quantitative chromatographic methods. Their observations are called Chargaff’s
rules which state:

 Purine and pyrimidine bases occur in equal amounts in a DNA molecule, i.e., A + G = T + C.

 Amount of adenine is equivalent to the amount of thymine (A/T = 1) .

 Amount of cytosine is equivalent to that of guanine (C/G = 1) .

 A/T  =1

 G/C =1

 A + C = G + T

 A + T / G + C  ratio is specific for a species and  varies with species and range between 0.4
to 1.9. It is low in microbes and high in higher animals  eg. Human = 1.52 and E.coli = 0.92)
. It is used to identify DNA from a particuar source.

iii) Linus Pauling’s proposal of hydrogen bonds by which 2 polynucleotide strands are held
together.

 STRUCTURE  OF RNA

Like DNA, it is a polynucleotide but a number of differences are found in their structure. In
RNA, the pentose sugar is ribose and not deoxyribose; also it contains uracil in place of
thymine. Most

RNAs are usually single stranded with partial double-stranded regions due to folding back
of and pairing within its single chain.

RNA serves as the genetic material in many viruses, some of which have double stranded
RNA.

STRUCTURE  OF DNA

The salient features of the Double-helix structure of DNA are as follows.

* The DNA has 2 polynucleotide strands coiled helically in clock wise direction around a
common axis

* The two polynucleotide strands are quite complementary and anti parallel

* The two strands are held up together by H-bonds
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* Phosphate group is lined to 5-OH of the nucleoside through a phosphoester bonds

* Two nucleotides are linked through 3’ ’5’ phosphodiester linkage to form a dinucleotide and
these linkages are called phosphodiester bonds

* Phosphodiester bonds are a type of covalent bonds

* The two chains have antiparallel polarity i.e., one chain has the polarity 5’ ’3’ and the other
has 3’ ’5’.

* The plane of one base pair stacks over the other double helix. This, in addition to H-bonds
confers stability of the helical structure .
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* Each polynucleotide strand is a polymer of nucleotides
* DNA has deoxyribose sugar which differs from ribose sugar in having one Oxygen atom less

at 2nd carbon position
* There are 4 types of Nitrogen bases - Adenine, Guanine Thymine & Cytosine
* Adenine and guanine are purines with two C-N rings (Dicyclic heterocyclic N2 bases)
* Sugar- phosphate chains formed by phosphodiester bonds acts as backbones of DNA
* N2 bases are held upto sugar molecules by glycosidic bonds and project inside
* Base pairing occurs between sugar molecules of opposide strands forming steps/rungs
* The nitrogen bases forming steps are called complementary base pair.
* Base pairing is highly specific, The purine, Adenine combines with pyrimidine thymine

cytosine with Guanine by 3 H- bond (G C)
The length of one turn of DNA is 34A0  or 3.4nm
The distance between two consecutive base pair is 3.4A0 or 0.34nm
The angle of one turn or helix is 3600.
The angle between successive base pairs is 360

The diameter of DNA is 20A0 constant. One purine always combines with one pyrimidine.
One coil of DNA has 10 base pairs,
Maximum no of H bonds in one turn = 30
Minimum no of H bonds in one turn = 20

* DNA and RNA are the two types of nucleic acids
* DNA is found to be the genetic material in almost all organisms.
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* RNA is the genetic material in some viruses (RNA viruses like retro viruses and HIV)
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CENTRAL DOGMA OF MOLECULAR BIOLOGY
* The expression of the genetic material occurs generally through the production of proteins.

This involves two consecutive steps. These are transcription and translation.
* In transcription, the genetic information stored in DNA is transferred to an RNA, which in turn

uses this information to direct the synthesis of proteins during translation. This unidirectional
flow of information was described by F.H.C. Crick in 1958 as the ‘Central dogma’ of
Molecular Biology.

DNA Replication RNA Replication

DNA RNA Proteintranscription

Reverse transcription

translation

The flow of genetic information
 DNA is a self replicating molecule. In 1970, however, an important modification of this

information flow was brought to light by the work of H.M. Temin and D. Baltimore. Many
tumor viruses contain RNA as genetic material and replicate by first synthesising a
complementary DNA. This process is called Reverse transcription also called Teminism. It
is carried out by an RNA-dependent DNA polymerase called reverse transcriptase.

* These viruses are known as retroviruses and include Human Immunodeficiency Virus (HIV)
that causes AIDS.

* Crick has propsed the concept of “Central dogma in molecular biology” to explain the flow
of genetic information from generation to generation. According to this, the flow of Genetic

information is DNA
Transcription

RNA Protein
Translation

PACKAGING OF DNA HELIX

* DNA length in the nucleus of human cell is extimated to be 2.2 meters. The diameter of typical
nucleus is 10-6m.

* In prokaryotes, such as E.coli the length of DNA is 1.36 mm
* In the nucleoid region, this DNA is packed along with some +vely charged proteins

(Polyamines)
* The DNA of prokaryotes is almost circular and lacks chomatin organisation. It is also called

Genophore.
* In Eukaryotes, DNA and histones together form Chromatin.
* The chromatin appears as a string of beads.
* Each bead like structure is nucleosome.Repeated units of chromatin are nucleosomes.
* Histones are basic proteins. There are 5 types of histones H1 ,H2A, H2B, H3and H4

* Two molecules of each of H2A, H2B, H3 and H4 together form histone octamer (+vely
charged)

* The +vely charged histone octamer forms core which is wrapped by two coils of DNA forming
a nucleosome.
Histones are rich in basic amino acid residues lysine and Arginine which carry positive
charges in their side chains.
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8 Molecules of Histones are organized to form a unit of eight molecules called Histone
octamer. These are  arranged in two rings i.e., outer and inner rings, 4 histone in each ring

* H1 is found out side the nuclesosome, in the linker DNA region to seal the DNA coilings.
* The Chromatin (string of beads) packed up to form Chromatin fibres.
* The Chromatin fibres are further coiled and condensed  at early metaphase stage to form

chromosomes during cell division
* The packing of chromatin at higher level requires some other proteins called non histone proteins

(-ve)

* In Interphase nucleus, some chromatin is loosely packed & lightly stained (Euchromatin) and
some portion is tightly packed & darkly stained (Hetero chromatin)

* Euchromatin is transcriptionally (genetically) active and heterochromatin is inactive.
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SEARCH FOR GENETIC MATERIAL

* Frederick Meisher isolated phosphorus rich, weak organic acids from the nuclei of pus cells
and named as nuclein.

* Altmann changed the name “nuclein” to “nucleic acid”

* Nucleic acids are of 2 types -DNA & RNA

* Direct proof for DNA as the genetic material comes from Transformation experiments on
Streptococcus pneumoniae and Hershey & Chase experiments on bacteriophages.

TRANSFORMING PRINCIPLE (FREDERICK GRIFFITH’S EXPERIMENT)

* In 1928, Frederick Griffith, a British scientist working on the pathogenicity of a bacterial
strain, Diplococcus pneumoniae now called Streptococcus, discovered the process of
transformation.

* This strain causes bacterial pneumonia in mammals including humans. The disease-causing or
S-strain has cells surrounded by a capsule, and forms smooth  colonies when grown on agar
medium. Some mutant strains form rough colonies or R strains. This strain does not cause
pneumonia.

* When S strains are heat-killed and injected into mouse, no disease symptom appears.
* Surprisingly, however, when a mixture of heat killed S type (inactivated) and live R bacteria

(non pathogenic) were mixed and then injected, disease reappeared.  Live S type cells could
be recovered from the blood of dead mice.

* Griffith proposed that a ‘transforming principle’, a chemical substance was released by the
heat killed S cells which transformed the R bacteria into S type. This was a permanent genetic
change as S type bacteria continued to produce similar cells.

BIOCHEMICAL CHARACTERIZATION OF TRANSFORMING PRINCIPLE
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* Prior to the work of Avery, MacLeod, and McCarty, the genetic material was thought to be
protein.

* In 1944, Oswald T Avery, Colin MacLeod and Maclyn McCarty revealed the chemical
nature of the transforming substance to be DNA. They showed that DNA isolated from heat
killed S bacteria could by itself confer the pathogenic properties to R cells. This fact suggested
that DNA has the genetic properties.

* They also discovered that protein-digesting enzymes (proteases) and RNA-digesting enzymes
(RNAse) did not affect transformation, so the transforming substance was not a protein or
RNA. Digestion with DNase did inhibit transformation, so DNA caused transformation.

* They concluded that DNA is the hereditary material, but not all biologists were convinced.

THE GENETIC MATERIAL IS DNA

* The unequivocal proof that DNA is the genetic material came from the experiments of Alfred
Hershey and Martha Chase (1952)  on T2 bacteriophage.

* They worked with viruses that infect bacteria called bacteriophages.
* The bacterial cell treats the viral genetic material as if it was its own and subsequently

manufactures more virus particles.
* Hershey and Chase worked to discover whether it was protein or DNA from the viruses

that entered the bacteria.
* They grew some viruses on a medium that contained radioactive phosphorus and some

others on medium that contained radioactive sulfur.
* Viruses grown in the presence of radioactive phosphorus contained radioactive DNA but

not radioactive protein because DNA contains phosphorus but protein does not.
* Similarly, viruses grown on radioactive sulfur contained radioactive protein but not

radioactive DNA because DNA does not contain sulfur.
* Radioactive phages were allowed to attach to E. coli bacteria. Then, as the infection

proceeded, the viral coats were removed from the bacteria by agitating them in a blender
is called blending.

* The virus particles were separated from the bacteria by spinning them in a centrifuge.
* Bacteria which was infected with viruses that had radioactive DNA were radioactive,

indicating that DNA was the material that passed from the virus to the bacteria. Bacteria
that were infected with viruses that had radioactive proteins were not radioactive.

* This indicates that proteins did not enter the bacteria from the viruses. DNA is therefore
the genetic material that is passed from virus to acteri

Bacteriophage
Radioactive ( S)35

labelled protein 
capsule

Radioactive ( P)32

labelled DNA

1.Infection

2.Blending

3. Centrifugation
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detected in cells
+
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detected in cells
+
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( S)detected in 35
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Hershey and Chase’s experiment demonstrating that only phage DNA injected in the host cell
determines all the characteristics of the progeny phage.

PROPERTIES OF GENETIC MATERIAL (DNA VS RNA)
* DNA as the genetic material was unequivocally resolved from Hershey-chase experiment.

* It became an established fact that it is DNA that acts as genetic material. However, it
subsequently became clear that in some viruses, RNA is the genetic material (for example,
Tobacco Mosaic viruses, QB bacteriophage, etc) .

* Answer to some of the questions such as, why DNA is the predominant genetic material, where
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as RNA performs dynamic functions of messenger and adapter has to be found from the differences
between chemical structures of the two nucleic acid molecules.

* A molecule that can act as a genetic material must fulfill the following criteria:
* It should be able to generate its replica (Replication) .
* It should chemically and structurally be stable.
* It should provide the scope for slow changes (mutation) that are required for evolution.
* It should be able to express itself in the form of ‘Mendelian Characters’.
* Because of rule of base pairing and complementarity, both the nucleic acids (DNA and RNA)

have the ability to direct their duplications. The other molecules in the living system, such as
proteins fail to fulfill first cirteria itself.

* The genetic material should be stable enough not to change with different stages of life cycle,
age or with change in physiology of the organism.

* Stability as one of the properties of genetic material was very evident in Griffith’s ‘transforming
principle’ itself that heat, which killed the bacteria, at least did not destroy some of the
properties of genetic material.

* This now can easily be explained in light of the DNA that the two strands being complementary
if separated  by heating come together, when appropriate conditions are provided.

* Further, 2-OH group present at every nucleotide in RNA is a reactive group and makes RNA
labile and therefore, DNA chemically is less reactive and structurally more stable when
compared to RNA. Therefore, among the two nucleic acids, the DNA is a better genetic
material.

* In fact, the presence of thymine at the place of uracil also confers additional stability to DNA.
* Both DNA and RNA are able to mutate. In fact, RNA being unstable, mutate at a faster rate.

Consequently, viruses having RNA genome are having shorter life span mutate and evolve
faster.

* RNA can directly code for the synthesis of proteins hence can easily express the characters.
DNA, however, is dependent on RNA for synthesis of proteins. The protein synthesising
machinery has evolved around RNA. The above discussion indicate that both RNA and DNA
can function as genetic material.

* DNA being more stable is preferred for storage of genetic information. For the transmission
of genetic information, RNA is better

 RNA WORLD

* RNA was the first genetic material
* Essential life processes (metabolism, translation, splicing etc) are evolved around RNA
* RNA used to act as genetic material as well as catalyst.
* Catalytic RNA or RNA enzymes are known as Ribozymes.
* RNA being catalyst was reactive and hence unstable.
* DNA has evolved from RNA with chemical modifications that made it more stable.
* DNA by having two complementary strands became stable and further resists changes by

evolving a process of repair

REPLICATION

* The duplication of DNA molecules is called replication
* The Primary function of DNA is to synthesizes its own copy (Autocatalysis)

* The possibility for replication of DNA based on the double helical model was suggesed by
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Watson and Crick
* In each daughter DNA molecule, one strand is parental (i.e., template strand) and the other

strand is newly synthesised and this scheme of synthesis of DNA molecule is termed as
semiconservative method of DNA replication.

* Semiconservative method of DNA replication was proposed by JD Watson & FHC Crick
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THE EXPERIMENTAL PROOF

* The semiconservative DNA replication was confirmed by an elegant experiment conducted by
M. Meselson and F.W. Stahl in 1958. They grew E. coli cells in the presence of heavy isotope
15N (in the form of 15NH4Cl) for several generations. This led to the incorporation of heavy
isotope in all nitrogen-containing compounds including bases. Such cells were then shifted to
normal 14N for one or two generations.

* DNA was isolated from the cells at each generation and the DNA molecules containing 15N
and 14N were separated on CsCl-equilibrium density gradient centrifugation.

* When a solution of Cesium chloride (CsCl) is spun in a centrifuge at a very high speed
(50,000 revolutions per minute) for many hours, the salt tends to settle down in the centrifuge
tube creating a density gradient.In this gradient, the highest ion concentration will be
encountered at the bottom.

* When DNA is mixed with CsCl, it will finally settle at some point in the tube where the
centrifugal force balances the buoyancy of DNA. DNA containing heavy isotope 15N has
greater density and is called heavy DNA. Such a DNA settles at the heavier range of the
gradient.

* After one generation, in 14N medium, all DNA acquired an intermediate density whereas after
two generations two bands were seen, one at intermediate and the other at ‘light’ DNA
density.

* After one generation in 14N medium, both the daughter DNAs will have 15N/14N composition
instead of 15N/15N of the original and thus will have an intermediate density. After two
generations, from a 15N/14N DNA two daughter helices formed will be 15N/14N and 14N/14N.
This explains the two corresponding bands.

* Just a year before Messelson and Stahl’s experiment, Taylor et al (1957) found semi conservative
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replication at chromosome level in root tips of Broad Bean (Vicia faba of fabaceae) with
radioactive 3H containing thymidine instead of normal thymidine.

DNA extracted and centrifuged
to equilibrium in CsCl

density gradient

“Heavy”
DNA( N)15

Original parent
molecule

First-generation
daughter molecules

Second-generation
daughter molecules

“Hybrid” 
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“Light” 
DNA( N)14

Fig : Messelson and Stahl’s Experiment

Solved example

If hybrid DNA  (N14 N15) is allowed to replicate thrice in a medium containing N14 then
what is the proportion of light, heavy and hybrid DNA obtained respectively?

 Solution
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THE MACHINERY AND THE ENZYMES

* In living cells, such as E coli the process of replication required a set of catalysts (enzymes)
* The main enzyme required for DNA replication is “DNA dependent DNA polymerase”
* It is estimated that, DNA polymerase adds deoxyribonuleotides to the newly developing

nuleotide strand at an average rate of polymerisation of approximately 2000 bp per second.
E coli completes the replication of its 4.6x106 bp DNA in 18 minutes

* since the DNA molecule is very long, the two strands cannot be separated through out the
entire length in one stretch due to very high energy requirement. therefore, replication occurs
at a time with in a small opening of DNA helix referred to as “Replication fork”

 In E.coli, the entire DNA acts as one unit of replication (one replicon)
 In eukaryotes, there are several replicons (units of replication) .
* In each replicon, replication begins as ‘Ori’ region
 First of all, two polynucleotide strands of replicon are separated at ‘Ori’ region catalysed by

the enzyme, Helicase.
 Two replication forks are formed in each replication.
* In E.coli, the replication is bidirectional in each replicon. So that total time of replication can

be reduced considerably.
* Both polynucleotide strands of DNA act as templates for replication (for the synthesis of new

strands)
* DNA polymerase catalyses the synthesis of new DNA strand in 5131 direction.
* On 3151 template, new DNA strand is synthesized continuously and is called leading

strand.
* On 5131 template, new DNA strand, synthesis is discontinous in the form of fragments in

5131 direction, called Okazaki fragment
* The Okazaki fragments are joined by ligase to form a continuous strand called Lagging strand
* To start polymerisation of DNA, a short segment of RNA primer is essential which is later

on removed
* During replication, tension is created in front of replication fork which can be removed by

the enzyme. Topoisomerase. This function is carried out by gyrase in prokaryotes.
* During genetic engineering (r DNA technology) the idea gene cloning vector provided the ‘Ori’

region.
Replication of DNA generally occurs in ‘s’ phase of cell cycle in eukaryotes.

* Replication of DNA and cell division cycle should be rightly co-ordinated
* Any failure of cell division after DNA replication may result in polyploidy
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TRANSCRIPTION

* The process of copying genetic information from template strand of DNA into RNA is called
transcription.

* The principle of complementarity governs the process of transcription, except the adenosine
complements now forms base pair with uracil instead of thymine.

* During transcription, only a segment of DNA and one of the two strands of DNA in that
segment is copied into RNA.

* The boundaries of the DNA segment and the strand to be transcribed must be defined
* If both stands of DNA act as templates two types of RNAs and 2 types of proteins may be

formed or both RNA strands may join to form ds RNA since the strands are complementary.
* If ds RNA is formed, translation of RNA would be prevented
* During transcription, the thymine present in DNA is replaced by uracil in RNA.
TRANSCRIPTION UNIT

* The unit of transcription of DNA primarily has
i) a promoter region
ii) a structural gene and
iii) a terminator

* Of the two strands of the structural gene in transcription unit, the strand with 5131 polarity
is considered as coding strand/ sense strand since it has the genetic information regarding
protein synthesis

* The other strand of DNA with 3151 polarity is called noncoding strand/Antisense strand.
This strand is considered as template DNA strand for mRNA synthesis

* 51 end of coding strand after the promoter is the starting point of transcription and 31 end after
terminator is the end point of transcription.

* The promoter and terminator flank the structutal gene in transcription unit
* The promoter is said to be located towards 5’ end (upstream) of the structural gene and it is

represented with respect to the polarity of coding strand
* The terminator is located towards ‘3’ end (down stream) of the coding strand and it usually

defines the end of the process of transcription
* There are some additional regulatory sequences that may be present further upstream or

downstream to the promoter.

Coding strand

5

5 3

3

Structural 
genePromoter Terminator

Transcription start site

Template 
strand

Schematic  structure  of a transcription unit

TRANSCRIPTION UNIT AND THE GENE

* A gene is defined as the functional unit of inheritance. Genes are the regions of DNA

* Cistron is a segment of DNA coding for a polypeptide

* The structural gene in transcription unit is monocistronic in eukaryotes and polycistronic in
prokaryotes.

* Monocistronic genes in enkaryotes are split genes since they have interrupted coding
sequences.

* In the split gene, coding sequence / expressed sequences are defined as exons. The exons are
interrupted by introns or intervening sequences

* From split gene, hn RNA ( hetrogenous nuclear RNA) is synthesized. After splicing (removal
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of intron portions and joining of exon portions) , functional m RNA is synthesized.

* Inheritance of a character is also affected by promoter and regulatory sequence of a structural

gene. Hence, sometime the regulatroy sequences are loosely defined as regulatory genes, even

though these sequences do not code for any RNA or protein.

TYPES OF RNA AND THE PROCESS OF TRANSCRIPTION

* In bacteria, there are 3 major types of RNA’s

i) mRNA ii) rRNA iii) tRNA

* All three types of non-genetic RNA’s are needed for synthesis of protein in the cell.

* There is single DNA dependent RNA polymerase to catalyse the synthesis of all types of

RNA in bacteria

* RNA polymerase binds to the promoter and initiates transcription.

* Ribonucleoside triphosphates act as substances for the synthesis of RNA.

* RNA is synthesized as a complementary strand to template DNA

* After reaching the terminator region, RNA polymerase and the nascent RNA fall off making

the end of transcription

* RNA polymerase is capable of catalysing only process of elongation

* Initiation factor (sigma factor ) associated with the enzyme, temporarily initiates the

synthesis of RNA and termination factor (Rho factor  ) associates with the enzyme helps

for temination.

* In bacteria, since the mRNA does not require any processing to become active, and also since

transcription and translation take place in the same compartment (there is no separation of

cytosol and nucleus in bacteria) , many times the translation can begin much before the mRNA

is fully transcribed.

* Consequently, the transcription and translation can be coupled in bacteria.

* In Eukaryotes, there are 3 types of RNA polymerases in the nucleus.

* RNA polymerase I transcribes r RNAs. (i.e., 28s, 18s, 5.8s)

* RNA polymerase II transcribes hn RNA (The mRNA)

* RNA polymerase III transcribes t RNAs. (5sr RNA, sn RNAs)

* In eukaryotes, there are two additional complexities-

* hn RNA is synthesized first. It undergoes splicing to form functional m RNA.

* During capping, unusual nucleotide, methyl guanosine triphosphate is added at 51end of

nRNA.

* In tailing, adenylate residues, 200-300, are added at 31end of hn RNA (poly AAAAA-...)

* The fully processed hn RNA i.e., functional m RNA is trasnported out of the nucleus for

translation
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* The split gene arrangments represent probably an ancient feature of the genome.

* The presence of introns is reminiscent of antiquity.

* The process of splicing represents the dominance of RNA world.

RNA
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GENETIC CODE

* The set of all possible three nucleotide combinations in DNA/mRNA that determine the
specific amino acid sequence present in a polypeptide chain is called “Genetic code”

* The process of translation requires transfer of genetic information from a polymer of
nucleotides to form a polymer of amino acids.

* George Gamow, a physicist argued that, since here are only 4 types of nitrogen bases either
in DNA or RNA and these 4 bases have to code for 20 types of amino acids, the code should
constitute a combination of bases and suggested that in order to code for all 20 amino acids,
the code should be made up of three nucleotides (triplet code) . By permutation and
combination of 4 different types nucleotides would generate 64 codons i.e., 43(4x4x4=64)

* The Indian born American Scientist Har Gobind Khorana synthesised artificial RNA molecules
with defined combinations of bases such as UUU homopolymers and UUC, CCA(copolymers)
and helped to understand genetic code

* Marshal Nirenberg’s cell free system for protein synthesis finally helped the code to be
deciphered
The enzyme polynucleotide phoshorylase was discovered by Ochoa and hence it is also
known as Ochoa’s enzyme. Which is helpful in polymerising RNA with defined sequences in
a template independent manner
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The Codons for the Various Amino Acids
Second Base
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U
UUU
UUC
UUA
UUG
CUU
CUC
CUA
CUG
AUU
AUC
AUA
AUG
GUU
GUC
GUA
GUG

Val

Ile

Met.

leu

Phe

Leu
Ser

Pro

Ala

Thr

Tyr

Stop
Stop

His

Gln

Asn

Lys

Asp

Glu

UCU
UCC
UCA
UCG
CCU
CCC
CCA
CCG
ACU
ACC
ACA
ACG
GCU
GCC
GCA
GCG

UAU
UAC
UAA
UAG
CAU
CAC
CAA
CAG
AAU
AAC
AAA
AAG
GAU
GAC
GAA
GAG

UGU
UGC
UGA
UGG
CGU
CGC
CGA
CGG
AGU
AGC
AGA
AGG
GGU
GGC
GGA
GGG

cys

Arg

Ser

Arg

Gly

Stop
Trp

U

U
C
A
G
U
C
A
G
U
C
A
G
U
C
A
G

C

A

G

C A C

If genetic code is singlet (i.e, codon is represented by single ntirogen base A or 
C or G or U) then 4 codons are formed. These are insufficient to code for 20 
types of aminoacids. 
 

                        
If genetic code is doublet (i.e, codon is the combination of two ntirogen bases)  
then 16 codons are formed. 

Doublet code = 42 = 4 x 4 = 16 codons.  
16 codons are insufficient for 20 aminoacids. 
 

The Salient features of genetic code are as follows:
* The code is triplt code i.e., 3 nucleotides form into one codon and one codon can specify

one amino acid
* There are 64 triplet codons in codons dictionary out of which 61 are called sense codons and

three are nonsense codons.
* Some amino acids are coded by more than one codon. Hence this type of code is called

degenerate code.
* The code is read on mRNA in a contiguous fashion : There are no punctuations.
* The code is nearly universal, i.e., the same codon in both prokaryotes and eukaryotes codes

for the same amino acid. for example UUU code for phenyl alanine (phe) in both Bacteria
(Porkaryote) and Humans (Eukaryote) . Some exceptions to this rule have been found in
mitochondrial codons and in some protozoans

* Among the total number of 61 sense codons, one codon acts starting codon or initiation codon
and it is mostly AUG. It codes for methionine.

* Initiator codon is always present at 5’ prime end of mRNA. the stop terminator codons
UAA(Ochre) ,UAG(Amber) ,UGA(Umber/opal) are always present at 3’ prime end of mRNA.

* The codons which code for amino acids are called sense codons and the codons not coding
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for amino acids are called non-sense codons or terminating codons (or) stop codons.
DEGENERACY OF THE GENETIC CODE

 Some amino acids are coded for by multiple codons. This  is called degeneracy. There are
18 amino acids which are coded by more than one codons.

 Degeneracy is explained by Wobble hypothesis. It was discovered by Bernfield and
Nirenberg

Number of Codons For Different  Amino acids 
No of codons 
each 

Tryptophan  UGG 
Methionine  AUG 1 

Phenylalanine, tryrosine, histidine, glutamine, 
asparagine   lysine, aspartic acid, glutamic acid, 
cysteine. 
 
Phenylalanine --- UUU , UUC 
Aspartic Acid  ----- GAU ,GAC 
Glutamic Acid   -- GAG , GAA 
Lysine -------------- AAA , AAG  
Tyrosine ----------- UAU , UAC 
 

2 
 

   
          Isoleusine   ----  AUU, AUC, AUA 
 

3 

  Valine, Proline, threonine, alanine, glycine. 4 
  Leucine, arginine, serine. 
 

6 

WOBBLE HYPOTHESIS

 It was proposed by Crick (1966) to describe the lack of specificity in the third base of codon.
According to this hypothesis, only the first two positions of a triplet codon on mRNA have a
precise pairing with the bases of the tRNA anticodon. The pairing of the third position bases
of the codon may be ambiguous, and varies according to the nucleotide present in this position.
Thus, a single tRNA type is able to recognize two or more codons differing only in the third
base.  Such interaction between the third bases is referred to as Wobble pairing.

ARCHETYPAL CODE / MITOCHONDRIAL CODE

 It is found in   human mitochondria , yeast mitochondria , Paramecium , PPLO, ciliates etc

Difference between UNIVERSAL and ARCHETYPAL codes
CODONS  NORMAL 

/UNIVERSAL 
        CODE 

ARCHETYPAL CODE 
 

UAA 
UAG 
UGA 

Termination  Glutamine 
Glutamine 
Tryptophan 

AGG 
AGA 

Arginine  Termination 

AUA Isoleusine  Methionine  
 

CUA Leusine  Threonine  

AAA Lysine  Asparagine  

Termination 
codons 

3 UAA UAG UGA  4 UAA UAG   AGA   AGG 
 

MUTATIONS AND GENETIC CODE :
* DNA is the genetic material and portions of DNA of specific size are the genes.
* The relationship between genes and DNA can be best understood by mutation studies.
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* Effects of large sized deletions, additions, inversions etc in chromosomal part (DNA segment)
may result in loss or gain or change in a gene and so in function

* A classical example of gene mutation/point mutation is sickle celled anaemia.
* Sickle celled anaemia is due to a change in aminoacid (glutamate to valine) in the 6th

position of  -polypeptide chain.
* This is due to a change in the 6th codon of mRNA of  -cistron from GAG to GUG or  GAA

to GUA ie. in that codon A is mutated of U.
* Sickle cell anaemia is a transversion, substitution, point  mutation where pyramidyne base (T)

is substituted to  purine (A) at DNA level.   cistron is located on ‘p’ arm of 111th

chromosome.
* Sickle cell anaemia is not a frame shift mutation.
* Frame shift mutations are another example of point mutations.
* Addition or deletion of nucleotides in DNA coding strand/mRNA result in a change of

codons. It leads to a change in aminoacid sequence.
* Frame shift mutations from the genetic basis of proof for triple code and is read in a

contiguous fashion
Consider a statement that is made up of the following words each having three letters like
genetic code.
RAM HAS RED CAP
If we insert a letter B in between HAS and RED and rearrange the statement, it would read
as follows:
RAM HAS BRE DCA P
Similarly, if we now insert two letters at the same place say BI’. Now it would read,
RAM HAS BIR EDC AP
Now we insert three letters together, say BIG, the statement would read
RAM HAS BIG RED CAP
The same exercise can be repeated, by deleting the letters R.E and D. one by one and
rearranging the statement to make a triplet world.
RAM HAS EDC AP
RAM HAS DCA P
RAM HAS CAP

 Insertion or deletion of one or two bases changes the reading frame from the point of insertion
or deletion. However, such mutations are referred to as frameshift insertion or deletion
mutations.

* Insertion or deletion of three or its multiple bases insert or delete in one or multiple codon
hence one or multiple amino acids, and reading frame remains unaltered from that point
onwards.

t RNA - THE ADAPTER MOLECULAR:

* The tRNA is called soluble RNA (or) SRNA (or) Adaptor RNA (or) transfer RNA (or)
translator RNA

* The clover leaf model of tRNA (secondary structure) has been accepted and it was proposed
by Holley

 In actual structure  three dimensions,, the tRNA is a compact molecule which looks like
inverted L. (tertiary structure) . It is  close to reality and was  proposed for phenyl alanine
tRNA By Rich Kim Klug (1974) .

 t RNA has 5 arms and 4 loops

 Acceptor arm
 DHU arm
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 Anticodon  arm
 Variable arm / lump / miniloop
 TC  arm

FUNCTION

 Acceptor arm is Binding site of amino acid.
 DHU loop is Binding site  of aminoacyl tRNA synthetase enzyme (amino acid activating

enzyme) .
 TC loop is Binding site of ribosome small subunit.
 Anticodon loop is Binding site of mRNA.

ACCEPTOR ARM

 The latter includes a constant 3' terminal - CCA sequence and fourth nucleotide, either A or
G. The amino acid molecule attaches to the

3' end of the base A, which is known a amino acid binding site.

TC ARM

 It consists of a stem having 5 base pairs and a loop of 7 nucleotides. The loop contains an
unusual base pseudouridine () and hence the name. The loop is involved in binding with
ribosome and hence it is sometimes referred to as ribosomal loop.

VARIABLE ARM

 It is of two types. In one type, there is a loop containing 4 to 5 bases and has no stem. In the
other type, the arm consists of 13-21 bases and is distinguishable into stem and loop both.

ANTICODON ARM

 It is distinguishable into a stem of 5 bp and a loop of 7 bases (unpaired nucleotides) of which
the middle three form the anticodon. It is binding site of mRNA.

DHU ARM

 It is also distinguishable into a stem and a loop. The loop contains an unusual base
dihydrouridine due to which it is called dihydrouridine (DHU) loop or the D loop. It is
binding site of aminoacyl tRNA synthetase enzyme.

TRANSLATION

* Translation is the RNA directed synthesis of polypeptides.  This process requires all three
classes of RNA.

* The mRNA provides the template, tRNA brings aminoacids and reads the genetic code, and
rRNAs play structural and catalytic role during translation.

* The process of translation can be divided into three basic steps:

 Initiation

 Elongation

 Termination
* The translation of mRNA begins with the formation of initiation complex. For this, small
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subunit of ribosome, a mRNA, a specifically charged initiator tRNA, GTP, Mg2+ and
proteinaceous initiation factors are assembled.

* These initiation factors are designated as IFs in prokaryotes and eIFs in eukaryotes.
* The initiation factors bind to the smaller ribosome subunit and then this complex binds

to a sequence of mRNA, preceding the initiator AUG codon.
* Later, when the large 50S subunit joins the initiation complex, the initiation factors are

released and complete 70S ribosome is formed.
ACTIVATION OR CHARGING  OF AMINO ACIDS / AMINOACYLATION OF tRNA
 Amino acids are present in cytoplasm in dormant stage so they needs activation.
 Activation of amino acids requires energy in the form of ATP and occurs in a two step reaction

catalyzed by the aminoacyl-tRNA synthetases. There are at least 20 different aminoacyl
tRNA synthetases.

 First the enzyme attaches the amino acid to the -phosphate of ATP with the concomitant
release of pyrophosphate. This is termed an aminoacyl-adenylate intermediate.

 In the second step the enzyme catalyzes transfer of the amino acid to either the 2'– or 3'–OH
of the ribose portion of the 3'-terminal adenosine residue of the tRNA generating the activated
aminoacyl-tRNA.

Aminoacyl tRNASynthetase*

Step1

Amino acid*+ ATP AA.AMPenzymecomplex+PPi

Step 2

AA-AMPenzymecomplex + tRNA* Charged tRNA(tRNA - Amino acid*)+AMP+enzymes





 tRNA molecules are joined to their specific amino acid in a reaction known as charging. The
3' end of the tRNA molecule is covalently linked to the correct amino acid  (High energy
covalent ester bond formation  between amino acid and tRNA)

INITIATION

 Initiation of translation requires a specific initiator tRNA,  tRNAmet,  that is used to
incorporate the initial methionine residue into all proteins.

 In E. coli a specific version of tRNA is required to initiate translation, [tRNAfmet].  The
methionine attached to this initiator tRNA is formylated.

 Although tRNA met is specific for initiation in eukaryotes it is not a formylated tRNAmet.

The initiation of translation requires recognition of an AUG codon.

 In the polycistronic prokaryotic RNAs this AUG codon is located adjacent to a Shine-
Dalgarno element in the mRNA.

E P A SITES IN RIBOSOMES

 The ribosome has binding sites for two charged tRNAs labelled as P (peptidyl site) , and
A (aminoacyl site) . There are two sites in the large subunit, for subsequent amino acids
to bind to and thus, be close enough to each other for the formation of a peptide bond.

 tRNA interact with mRNA in SSU of P and A sites whilst protein synthesis occurs in P and



21

A sites of LSU (Large Sub Unit) .

If two such charged tRNAs are brought close enough, the formation of peptide bond
between them would be favoured energetically. The presence of a catalyst would
enhance the rate of peptide bond formation.

 From exit (E) site of ribosome unloaded/deacylated tRNA is expelled.

ELONGATION

 The process of elongation, like that of initiation requires specific non-ribosomal proteins
called elongation factor (EF) .

 In E. coli these are EFs and in eukaryotes they are eEFs. In prokaryotes, elongation
factors are called EF-Tu, EF-Ts and EF-G.

 Each incoming aminoacyl-tRNA is brought to the ribosome by an EF—GTP complex.

 When the correct tRNA is deposited into the

A site the GTP is hydrolysed and the EF—GDP complex dissociates.

 The peptide attached to the tRNA in the P site is transferred to the amino group at the
aminoacyl-tRNA in the A site. This reaction is catalyzed by peptidyltransferase.  23SrRNA
and 28SrRNA perform this function therefore they act as ribozyme

 The elongated peptide now resides on a tRNA in the A site. The A site needs to be free

in order to accept the next aminoacyl-tRNA. The process of moving the peptidyl-tRNA from

the A site to the P site is termed, translocation.

 In the process of translocation the ribosome is moved along the mRNA such that the next codon
of the mRNA resides under the A site.  The result of the shift is that the uncharged tRNA that
was in the P site is ejected, and the tRNA that was in the A site is now in the P site.  The A
site is free to accept the tRNA molecule with the appropriate anticodon for the next codon in
the mRNA.

 The next tRNA base pairs with the next codon, and peptidyl transferase catalyzes the formation
of a peptide bond between the new amino acid and the growing peptide chain.

 The initiator tRNA now delinks, and the dipeptide so formed is translocated to the P site. The
movement of entire mRNA - tRNA dipeptide shifts by a codon exposing the next codon at A
site in a process called translocation.

 Eukaryotes require a more complex set of accessory factors.

 Once again, the ribosome shifts over, so that the uncharged tRNA is expelled, and the tRNA
with the peptide chain occupies the P site. The process of shifting and peptide bond formation
continues over and over until a termination codon is encountered.

 The elongation process is fairly rapid, with prokaryotic ribosomes able to add 15 amino acids
to the growing polypeptide every second.

TERMINATION

 The sequence of elongation continues till the whole of mRNA is translated and a signal in
the form of termination codon (UAG, UAA, or UGA) is reached. These do not code for any
amino acid and, therefore, the translation stops. They also signal a GTP-dependent release
factor (RFs in E. coli and eRFs in eukaryotes) .
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 The termination codon is recognised and bound to by a release factor RF. The release factor
is a protein.

 The RF binds to the A site of the ribosome in conjunction with GTP.
 RF mimic tRNA in shape but are made up of protein not RNA
 RF interact with peptidyl transferase to cause hydrolysis of bond between tRNA and

polypeptide chain
 RF cause peptidyl transferase to transfer polypeptide to a H2O and not to another tRNA
 The resulting uncharged tRNA left in the P site is expelled with concomitant hydrolysis of

GTP.
 The inactive ribosome then releases its mRNA and the 70S complex dissociates into the 30S

and 50S subunits ready for another round of translation.
* In addition to start codon (AUG) and stop codon, mRNA also has some untranslated regions

(UTR) prior to start codon and after stop codon. They are essential for efficient translation
process.

* Ribosomes are the cell organelles concerned with translation phase of protein synthesis
* In prokaryotes, transcription and translation take place simultaneously as there is no boundary

between nucleoid & cytoplasm

* In Eukaryotes; transcription & translation occur successively. Transcription occurs in nucleus
and translation occurs in cytoplasm.

5 3

tRNA

peptide bond
amino acid
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codon
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REGULATION OF GENE EXPRESSION

Polypeptide chain synthesis is under genetic regulation In eukaryotes, regulation of gene
expression occurs in different stages during protein synthesis they are

a. Transcription level (Formation of primary transcript)

b. Processing level (regulation of splicing)

c. Transport of mRNA from the nucleus to the cytoplasm

d. Translational level

* The genes in a cell are expressed to perform a particular function or a set of functions. For
example, if an enzyme called beta-galactosidase is synthesised by E.coli, it is used to catalyse
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the hydrolysis of a disaccharide, lactose into glucose and galactose.

* Therefore, in simple terms, it is the metabolic, physiological or environmental conditions that
regulate the expression of genes.

* The development and differentiation of embryo into adult organisms are also a result of the
coordinated regulation of expression of several sets of genes.

* In prokaryotes, control of the rate of transcriptional initiation is the predominant site for
control of gene expression. In a transcription unit, the activity of RNA polymerase at a given
promoter is in turn regulated by interaction with accessory proteins, which affect its ability
to recognise start sites. These regulatory proteins can act both positively (activators) and
negatively (repressors) .

* The accessibility of promoter regions of prokaryotic DNA is in many cases regulated by the
interaction of proteins with sequences termed operators.

* The operator region is adjacent to the promoter elements in most operons and in most cases
the

sequences of the operator bind a repressor protein.

* lac operon was proposed to understand the Genetic control of Lactose catabalism

* lac operon catabolism (Metabolism) is regulated by a set of genes known as regulatory gene
(i-gene) operator genes (O-gene) and three structural genes (z-gene, y-gene and a-gene) . the
sequential arrangement of these genes constitute an operon

* Different operon system have their specific operators and specific repressor genes.

* In lac operon of bacteria, lactose acts as an inducer and it regulates the “switching on” and
“off” and the regulatory proteins can act as negative repressor genes.

* When lactose is present in the bacteria cell, the operator of lac operon is “Switched on” and
the regularoty proteins can act positively and Lac operon is under the control of Positive
regulation

* In the absense of Lactose, repressor gene sysnthesises repressor mRNA and in turn it
synthesises repressor protein which binds to operator gene, resulting in the repression (non
functioning) of structural genes.

* By inhibiting lac mRNA (i.e., Polycistronic mRNA) , the enzymes such as   Galactosidase,
permease and transacetylase synthesis is inhibited (i.e., lac operon switched off)

* Each operon has its specific operator and specific repressor.

* For example, lac operator is present only in the lac operon and it interacts specifically with
lac repressor only.

LAC OPERON

* To explain the mechainsm of regulation of gene action, Francois Jacob & Jacque Monod
proposed operon cencept for which they were awarded Nobel prize

* A unit of some structural genes (cistrons) , operator gene and promoter gene together called

Operon.

* In operon, operator gene (0) , and promoter gene (P) are adjacent to structural genes.

* Regulator gene(Gene i) is located closely but not adjacent to operon. It regulates the
expression of Operon.

* When lactose is present in the cell, it binds to the repressor protein, thereby inactivates it and
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structural genes leading to the synthesis of   Galactosidase by z gene, permease by y’gene,
and transacetylase by a’ gene. Thus Presence of lactose results in inducing activity of structural
genes; hence called as an inducer.

* Regulation of lac operon by repressor is referred to as negative regulation.

Promoter

Repressor mRNA

Repressor mRNA

Repressor
Lactose

(Inducer)

(Inactive 
repressor)

-galactosidase

Iac mRNA (Polycistronic)

Repressor Operator Structural genes

Structural genes

Transcription

permease transacetylase

Presence of 
Lactose

Absence of 
Lactose

Repressor binds to the 
operator region and prevents 
RNA polymerase from 
transcribing the operator

Translation

p i p o z y a

p i p o z y a
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PRACTICE TEST - 1
1. The length of DNA usually depends on

(1) position of nucleotides

(2) no of nucleotides

(3) both 1 and 2

(4) None of the above

2. A nitrogenous base is linked to the
_________ through a _________ linkage to
form a nucleoside

(1) phosphate group, phosphoester

(2) pentose sugar, N-glycosidic

(3) phosphate group, N-glycosidic

(4) pentose sugar, hydrogen bonds

3. Deoxyguanosine is a

(1) nucleoside of DNA

(2) nucleoside of RNA

(3) nucleotide of DNA

(4) nucleotide RNA

4. A phosphate group is linked to ____ of a
nucleoside through_________.

(1) 3'-OH, phosphoester linkage

(2) 2'-OH, glycosidic linkage

(3) 5'-OH group, phosphoester linkage

(4) 1'-OH, phosphoester linkage

5. DNA as an acidic substance present in
nucleus was first identified by

(1) Watson (2) Griffith

(3) Levene (4) Friedrich Meischer

6. Nucleic acids are polymers of

(1) nucleotides (2) amino
acids

(3) nitrogen bases (4) sugars

7. The distance between two consecutive base
pairs in DNA  is

(1) 0.34×10–9 m (2) 3.4×10–9 m

(3) 34×10–9 m (4) 34×10–6 m

8. If the length of E. coli DNA is 1.36 mm,
calculate the number of base pairs in E.coli.

(1) 4.6 × 109 bp (2) 6.6 × 109 bp

(3) 4.0 × 106 bp (4) 6.6 × 106 bp

9. Thymine can also be designated as

(1) 3 - Methyl uracil

(2) 2 - Methyl uracil

(3) 4 - Methyl uracil

(4) 5 - Methyl Uracil

10. In a 3.2 Kbp long piece of DNA, 820 adenine
bases were found. What would be the
number of cytosine bases?

(1) 2380 (2) 1560

(3) 740 (4) 1480

11. Name the histone proteins which together
forms the histone octamer structure

(1) H1, H2A, H2B and H3

(2) H1, H2A , H2B and H4

(3) H2A, H2B, H3 and H4

(4) H2A, H2B, H3, H4 and H1

12. Histones are

(1) set of positively charged, acidic
proteins

(2) set of negatively charged, acidic
proteins

(3) set of positively charged, basic proteins

(4) set of negatively charged, basic proteins

13. Nucleosomes constitute the repeating
unit of a structure in nucleus called

(1) chromatid (2) nucleolus

(3) chromatin (4) telomere

14. The nucleosomes in chromatin are seen
as

(1) ‘beads-on-string’ structure when viewed
under electron microscope

(2) beads-on-string’ structure when viewed
under simple microscope

(3) coiled structure when viewed under
electron microscope
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(4) polyhedral structure when viewed under
electron microscope

15. Theoretically, how many nucleosomes  do
you imagine are present in a mammalian
cell?

(1) equal to number of chromosomes

(2) equal to number of nucleotides

(3) equal to number of histone molecules

(4) equal to number of base pairs divided
by 200

16. Uridine is a

(1) nucleoside of DNA

(2) nucleoside of RNA

(3) nucleotide of DNA

(4) nucleotide of RNA

17. Which of the following is not a salient
features of the Double-helix structure of
DNA

(1) two chains have parallel polarity

(2) a purine comes opposite to a pyrimidine

(3) approximately uniform distance between
the two strands of the helix

(4) The two chains are coiled in a right-
handed fashion

18. Ribose sugar is present in

(1) RNA polymerase and ATP

(2) RNA and ATP

(3) RNA polymerase, RNA and ATP

(4) RNA only.
19. Select an incorrect statement for

prokaryotes, such as, E.coli.
(1) they do not have a defined nucleus
(2) the DNA is scattered throughout the cell
(3) DNA is held with some proteins having
positive charges  in a region termed as
nucleoid’
(4) The DNA in nucleoid is organised in large
loops held by proteins.

20. No of base pairs  is the characteristic of
an organism.A bacteriophage known as 
×174 has
(1) 5386 nucleotides

(2) 48502 base pairs
(3) 4.6 × 106 bp (4) 3.3 × 109 bp

21. Haploid content of human DNA is
(1) 3.3 × 109 bp        (2) 5386 nucleotides
(3) 48502 base pairs     (4) 4.6 × 106 bp

22. Deoxycytidine  is a
(1) nucleoside of DNA
(2) nucleoside of RNA
(3) nucleotide of DNA
(4) nucleotide RNA

23. In polynucleotide chain, nucleoside is
formed though a N-glycosidic linkage by
joining
(1) Phosphate group with nitrogeneous base
(2) Nitrogenous base with nitrogenous base
(3) Nitrogenous base with pentose sugar
(4) Pentose sugar with phosphate group

24. Select the incorrect sentence for
heterochromatin.
(1) It is densely packed (2) It stains dark
(3) It is transcriptionally active
(4) It is late replicating

25. The structures in chromatin seen as ‘beads-
on string’ when viewed under electron
microscope are called
(1) nucleotides
(2) nucleosides

(3) histone octamers  (4) nucleosomes

26. Both deoxyribose and ribose belong to a
class of sugars called
(1) trioses (2) hexoses
(3) pentoses (4) polysaccharides

27. Ratio of DNA : histone in prokaryotes is
(1) 1:2 (2) 1:0
(3) 2:1 (4) 2:0

28. If the sequence of bases in one strand of
DNA is ATGCATGCA, what would be the
sequence of bases on complementary
strand?
(1) ATGCATGCA          (2) AUGCAUGCA
(3) TACGTACGT          (4) UACGUACGU

29. How far is each base pair from the next
one in the DNA double helix model?
(1) 2 nm (2) 3.4 nm
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(3) 34 nm (4) 0.34 nm
30. In a DNA strand, the adjacent nucleotides

are linked together by
(1) glycosidic bonds     (2) phosphodiester
bonds
(3) peptide bonds      (4) hydrogen bonds

31. One turn of Z-DNA has
(1) 10 base pair (2) 12 base pair
(3) 9.33 base pair (4) 11 base pair

32. Adenosine is a
(1) nitrogenous base (2) nucleotide
(3) ribonucleoside (4) ribonucleotide

33. In a typical mammalian cell  the length of DNA
is
(1) 6.6 × 109 bp × 0.34 × 10-9m
(2) approximately 2.2 metres
(3) 1.36 mm
(4)  both 1 and 2

34. Cytidine is a
(1) Nitrogen base of DNA
(2) Nucleoside of RNA
(3) Nucleotide of DNA
(4) Nucleotide RNA

35. Uracil is associated with which sugar?
(1) Generally Deoxyribose
(2) Sometimes Ribose
(3) Only ribose (4) Hexose

36. If the total amount of adenine and thymine
in a ds DNA is 55%, the amount of guanine
in this DNA will be
(1) 45% (2) 27.5%
(3) 25% (4) 22.5%

37. Arginine and lysine are ......A....... amino
acids and found abundantly in ......B.......
Choose the correct option for A and B.
(1) A-acidic; B-protamine
(2) A-basic; B-histone proteins
(3) A-acidic; B-histone proteins
(4) A-neutral; B-histone proteins

38. Which of the following is not a salient
features of the Double-helix structure of
DNA
(1) pitch of the helix is 10-9 m
(2) there are roughly 10 bp in each turn
(3) the distance between a bp in a helix is
approximately equal to 0.34 nm

(4) The plane of one base pair stacks over
the other in double helix

39. D.N. A.  strands are anti - parallel
because of

(1) H-bonds

(2) Phosphate diester-bonds

(3) Di-sulphide-bonds

(4) Phosphate-bonds

40. The back bone of RNA is consists of
which of the following sugar:

(1) Deoxyribose (2) Ribose

(3) Sucrose (4) Maltose

41. A DNA molecule contains 10,000 base
pairs, then the length of this DNA
molecule is

(1) 3.4 x10–5 meter     (2) 0.34 x10–5 meter

(3) 34 x10–5 meter      (4) None of above

42. Euchromatin is transcriptionally .....A.....
chromatin and heterochromatin is
transcriptionally .....B..... chromatin.
Choose the correct option for A and B.
(1) A-Active; B-neutral
(2) A-Active; B-inactive
(3) A-lnactive; B-active
(4) A-lnactive; B-neutral

43. Reverse transcriptase is
(1) DNA dependent DNA polymerase
(2) RNA dependent DNA polymerase
(3) DNA dependent RNA polymerase
(4) RNA dependent RNA polymerase

PRACTICE TEST - 2
44. In RNA, every nucleotide residue has an

additional –OH group present at____ when
compared to DNA
(1) 1' -position in the ribose
(2) 2' -position in the ribose
(3) 3' -position in the ribose
(4) 5' -position in the ribose

45. In RNA the uracil is found at the place of



28

(1) adenine (2) cytosine
(3) guanine (4) thymine

46. RNA is the genetic material
(1) in some viruses         (2) in some
monerans
(3) in some protists         (4) in some
bacteria

47. Isotopes used by Hershey and Chase were
(1) 32P and 35S (2) 34P and 31S
(3) 34P and 31S (4) 30P and 32S

48. Which of the following radioisotope is not
suitable for DNA labelling based studies ?
(1) H3 (2) P32 (3) N15  (4) S35

49. Which group present in RNA nucleotide is
very reactive and makes RNA liable and
easily degradable than DNA?
(1) 2-OH’group on the purine base
(2) 2-OH’group on ribose sugar
(3) 3-OH’group on ribose sugar
(4) 4-OH’group on ribose sugar

50. A genetic material should be stable enough
not to change with
(1) different stages of life cycle
(2) age of the cell / organism
(3) change in physiology of the organism
(4) all of these

51. The unequivocal proof that DNA is the
genetic material came from the
experiments of
(1) Alfred Hershey and Martha Chase
(2) Oswald Avery, Colin MacLeod and
Maclyn McCarty
(3) Walter Sutton
(4) Thomas Hunt Morgan

52. Chemically, RNA is   (i)    reactive and   (ii)
stable as compared to DNA.
(1) (i) equally, (ii) equally
(2) (i) less, (ii) more
(3) (i) more, (ii) less
(4) (i) more, (ii) equally

53. Molecular explanation for transformation
was given by:
(l) Griffith
(2) Avery, Mc Carty and Mc Leod
(3) Lederberg and Tatum
(4) Avery and Mc Carty

54. Role of DNA in heredity was discovered
for the first time through experiments
involving:

(1) Transformation using E. coli
(2) Transduction involving bacteriophage
(3) The use of enzymes protease and nuclease
(4) Transformation using heat killed virulent
and living nonvirulent S. pneumoniae

55. Bacterium in which transformation was
first studied is
(1) Salmonella typhi
(2) Streptococcus pneumoniae
(3) E. coli
(4) Staphylococcus aureus

56. Prior to the work of Oswald Avery, Colin
MacLeod and Maclyn McCarty (1933-44)
, the genetic material was thought to be a

(1) Protein (2) DNA (3) RNA (4)
Sugar

57. The unequivocal proof that DNA is the
genetic material proof by Hershey and
Chase. They worked with
(1) Bacteriophages (2) Mycoplasma
(3) Fungi (4) Plant cell

58. DNA is a genetic material because
(1) It has capacity to replicate
(2) It is chemically and structurally stable
(3) It provide scope for slow mutations
(4) All of these

59. Which of the following step shows
transformation w.r.t. Griffith Experiment.
(1) Mouse inoculated with encapsulated
bacteria (2) Mouse inoculated with non
encapsulated bacteria
(3) Mouse inoculated with heat killed
encapsulate bacteria
(4) Heat killed encapsulated and non
encapsulated bacterial inoculation

60. Avery, Mc Carty and Macleod fractionated
bacteria into
(1) DNA, RNA and proteins
(2) DNA, lipid and proteins
(3) Carbohydrate, lipid and proteins
(4) DNA, carbohydrate and lipid

61. Bonding between deoxyribose and base in
a pyrimidine nucleoside molecule is
(1) glycosidic linkage
(2) ester linkage
(3) hydrogen bonds
(4) peptide linkage

62. A molecule that can act as a genetic
material must fulfill the following criteria
except :
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(1) It should be able to generate its replica
(2) It should chemically and structurally be
stable.
(3) It should provide the scope for rapid
changes that are required for evolution.
(4) It should be able to express itself in the
form of ‘Mendelian Characters’.

PRACTICE TEST - 3
63. The first genetic material was

(1) RNA (2) DNA

(3) Both (a) and (b) (4) None of these

64. Processes like metabolism, splicing and
translation are evolved around

(1) DNA (2) RNA

(3) protein (4) nucleus

65. Ribozymes are

(1) RNA acting as enzymes

(2) DNA acting as enzymes

(3) DNA acting as molecular scissors

(4) RNA acting as molecular scissors

PRACTICE TEST - 4
66. (-) sign and (+) sign for DNA strand stands

for
(1) Non-coding strand and coding strand
(2) Template strand and non-template strand
(3) Antisense strand and sense strand
(4) All of the above

67. Name the heavy isotope used by Meselson
and Stahl for proving the semiconservative
mode of DNA.
(1) 15NH4CI (2) 14NH3CI2
(3) 13NH2CI2 (4) All of these

68. DNA polymerase is the another name of
(1) DNA dependent DNA polymerase
(2) DNA dependent RNA polymerase
(3) RNA dependent RNA polymerase
(4) RNA dependent DNA polymerase

69. Okazaki fragments are
(1) large DNA segments having promoter,
initiation, coding and terminator regions
(2) short segments of replicated DNA formed
from  DNA template with polarity 5' —> 3'

(3) additional nucleotides added to the ends
of RNA
(4) short segments of wrong bases introduced
during replication.

70. Which of the following DNA polymerase of
prokaryotes have both 3'  5' and 5' 
3' exonuclease activity?
(1)  DNA Pol II (2) DNA Pol I
(3)  DNA Pol IV (4) DNA Pol III

71. In the process of  DNA replication
(1) One strand of DNA is conserved and
another newly synthesized
(2) Both the strands of DNA are newly
synthesized
(3) Both the strand of DNA is conserved
(4) None of these

72. Okazaki fragments of the lagging strand
is joined together by the enzyme
(1) Primase (2) DNA ligase

(3) Topoisomerase (4) Polymerase
73. Evidence of replication on Vicia faba root

tip was given by
(1) Meselson and Stahl (2) Taylor
(3) Koch                    (4) Watson and Crick

74. Sequence of enzyme acting in DNA
replication is
(1) Helicase, topoisomerase, DNA
polymerase, ligase
(2) Topoisomerase, helicase, DNA
polymerase, ligase
(3) DNA polymerase, helicase, ligase,
topoisomerase
(4) Ligase, helicase, topoisomerase, DNA
polymerase

75. The replication of the lagging strand
generates a small polynucleotide fragment
called
(1) RNA fragment (2) Okazaki fragment
(3) DNA fragment
(4) Hybrid (DNA-RNA) fragments

76. J. H. Taylor’s experiment which proved that
DNA replication is semi-conservative, was
done on
(1) salivary gland cells of Drosophila
melanogaster
(2) root tip cells of Vicia faba
(3) oocyte of Periplaneta americana
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(4) cells of Neurospora crassa.
77. The isotope used by Meselson and Stahl in

their experiment was
(1) O18 (2)  C14 (3) H3 (4) N15.

78. Mode of DNA replication in E. coli is :-
(1) Conservative and unidirectional
(2) Semi conservative and unidirectional
(3) Conservative and bidirectional
(4) Semi conservative and bidirectional

79. During DNA replication in prokaryotes
DNA is attached to:
(1) Chromosome (2) Mesosome
(3) Nucleolus (4) Ribosome

80. Replication fork is–
(1) Large opening of the DNA helix
(2) Small opening of the DNA helix
(3) Tightly coiled part of DNA helix
(4) Loosely coiled part of DNA helix

PRACTICE TEST - 5
81. The enzyme that catalyses transcription of

RNA in bacteria
(1) DNA dependent RNA polymerase
(2) RNA polymerase I
(3) DNA polymerase
(4) RNA polymerase II

82. This enzyme present in retroviruses
converts single stranded RNA into a double
stranded viral DNA is
(1) transcriptase
(2) reverse transcriptase
(3) RNA polymerase
(4) DNA polymerase.

83. RNA polymerase binds to ________and
initiates transcription.
(1) operator (2) promoter
(3) regulator (4) terminator

84. The presence of which gene in a transcription
unit that also defines the template and coding
strands
(1) structural (2) operator
(3) promoter (4) regulator

85. The core enzyme requires a factor for
termination of RNA synthesis at some sites.
This is known as:
(1) Sigma factor (2) Rho factor
(3) Gamma factor (4) Alpha particle

86. Polycistronic messenger RNA (mRNA)
usually occurs in
(1) Bacteria (2) Prokaryotes
(3) Eukaryotes (4) Both (1) & (2)

87. In an animal cell, the processes of
transcription and translation occur in
(1) nucleus only (2) cytoplasm
only
(3) nucleus and cytoplasm respectively
(4) endoplasmic reticulum

88. The enzyme DNA dependent RNA
polymerase catalyses the polymerization
reaction in _______ direction.
(1) only 5 – 3 (2) only 3 – 5
(3) both the 5 – 3 and 3 – 5 directions
(4) none of these

89. With regard to mature mRNA in
eukaryotes, which statement is correct?
(1) both exons and introns are absent
(2) both exons and introns are present
(3) exons present, introns absent
(4) introns present, exons absent

90. Part of a gene which codes for an enzyme
is called
(1) Cistron (2) Exon
(3) Intron (4) Codon

91. Nucleus is the site for the synthesis of  :-
(1) DNA (2) m- RNA
 (3) t- RNA (4) All

92. Messenger RNA is produced in :
(1) Nucleus
(2) Golgi apparatus
(3) Endoplasmic reticulum
(4) Ribosomes

93. Mature eucaryotic m–RNA is recognised
by
(1) Shine dalgarno sequence at 5' end
(2) Methyl guanosine at 5' end and polyadenine
bases at 3' end
(3) Anti shine dalgarno sequence at 5' end
(4) Presence of coding and noncoding
sequence

94. RNA polymerase binds to the
(1) regulator gene (2) promoter gene
(3) operator gene (4) structural gene

95. RNA polymerase II transcribes
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(1) hnRNA (heterogenous nuclear RNA)
(2) 50S tRNA
(3) 30S tRNA
(4) 40S tRNA

96. Which of the following rRNAs acts as
structural RNA as well as ribozyme in
bacteria?
(1) 5S rRNA (2) 18S rRNA
(3) 23S rRNA (4) 5.8S rRNA

97. Ribosomal RNA is actively synthesised in
(1) lysosomes (2) nucleolus
(3) nucleoplasm (4) ribosomes.

98. In eukaryotic cell transcription, RNA
splicing and RNA capping take place inside
the
(1) ribosomes (2) nucleus
(3) dictyosomes (4) ER.

99. The terminator is located

(1) towards 3' – end (downstream) of the
coding strand
(2) towards 5' – end (downstream) of the
coding strand
(3) towards 5' – end (upstream) of the coding
strand
(4) towards 3' – end (upstream) of the coding
strand

100.RNA polymerase initiates its activity by
(1) Sigma factor (2) Rho factor
(3) UAG (4) AUG

PRACTICE TEST - 6
101. Which one of the following codons codes

for the same information as UGC?
(1) UGU (2) UGA
(3) UAG (4) UGG

102. The genetic code is called a degenerate
code because:
(1) One codon has many meanings
(2) More than one codon has the same
meaning
(3) One codon has one meaning
(4) There are 64 codons present

103. There are 64 codons in genetic code
dictionary because
(1) There are 64 types of tRNAs found in
the cell

(2) There are 44 meaningless and 20 codons
for amino acids
(3) There are 64 amino acids to be coded
(4) Genetic code is triplet

104. The first code deciphered by Nirenberg
(1961) was
(1) AAA (2) UUU

(3) GGG (4) CCC
105. What is the first anticodon in translation?

(1) GUU (2) UAC
(3) UTC (4) GUA

106. Polynucleotide phosphorylase enzymes are
also called
(1) Crick  enzymes
(2) Servo Ochoa enzymes
(3) James Watson enzymes
(4) Mendel enzymes

107. Out of 64 codons, 61 codons code for 20
amino acids. This property is called
(1) Degeneracy of genetic code
(2) Code is universal
(3) Code is overlapping
(4) Code is ambiguous

108. Firstly, who suggested that genetic codes
are triplet.
(1) George Gamow (2) Crick
(3) Ochoa (4) Nirenberg

109. Who developed the technique of
synthesising RNA molecules with well
defined combination of bases
(homopolymers and copolymers) to
develop genetic code?
(1) Crick et.al
(2) Har Gobind Khorana
(3) Matthaei
(4) Nirenberg

110. The three codons which result in the
termination of polypeptide chain synthesis
are
(1) UAA, UAG, GUA
(2) UAA, UAG, UGA
(3) UAA, UGA, UUA
(4) UGU, UAG, UGA

111. Which of the following is not a salient
features of genetic code
(1) The codon is triplet.
(2) ambiguous and specific
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(3) code is degenerate.
(4) The code is nearly universal

112. Starting codon in prokaryotes codes for
(1) methyl methionine
(2) ethyl methionine
(3) propyle methionine
(4) formyl methionine

113. If the four bases of DNA have to code for
twenty amino acids, the code should
constitute a combination of bases. This was
proposed by
(1) Rosalind
(2) Har Gobind Khorana
(3) George Gamow
(4) Marshall Nirenberg

114. The scientist who was awarded Nobel
prize in 1959 for invitro synthesis of
polyribonucleotide:-
(1) Mendel (2) Calvin
(3) Khorana (4) Ochoa

115. Sickle cell anemia is an example of
(1)  point mutation
(2) chromosomal disorder
(3)  sex linked disease
(4) frameshift mutation

PRACTICE TEST - 7
116. Charging (aminoacylation) of  tRNA

involves the attachment of
(1) amino acid to  tRNA
(2) amino acid to mRNA
(3) neutral amino acid to tRNA
(4) acidic amino acid to tRNA

117. What is the purpose of untranslated
regions  UTRs present on mRNA?
(1) To stop the process of translation
(2) To start the process of translation
(3) For efficient translation
(4) For DNA recognition

118. Non-proteinaceous enzyme that acts as a
catalyst for the formation of peptide bond
is
(1) spliceosome (2) ribozyme
(3) RNA poly I (4) RNA poly III.

119. Activation of an amino acid during protein
synthesis requires a participation of
specific molecule of
(1) mRNA (2) tRNA
(3) rRNA (4) All of these

120. During translation initiation in
prokaryotes, GTP is required for
(1) Formation of formyl-met-tRNA
(2) Binding of 30 S subunit of ribosome with
mRNA
(3) Association of 30 S-mRNA with formyl-
met-tRNA
(4) Association of 50 S subunit of ribosome
with initiation complex.

121. During protein synthesis, a ribosome
moves from 5  to 3  end of mRNA to
recognize all codons. This movement of
ribosome is called
(1) Transformation (2) Translocation
(3) Transposition (4) Transduction

122. During protein synthesis, amino acid gets
attached to tRNA with the help of
(1) mRNA
(2) Amino acyl tRNA synthetase
(3) Ribosome (4) rRNA

123. The first amino acid in any polypeptide
chain of prokaryotes is always:
(1) Formylated arginine    (2) Lysine
(3) Formylated methionine (4) Methionine

124. At which end of mRNA translation always
begins?
(1) 3 end  (2) 5 end
(3) Any where on mRNA (4) UUU end

125. The process of translation requires
transfer of genetic information from a
polymer of nucleotides to a polymer of
(1)   fatty acids (2)   amino acids.
(3)  organic acids (4)  nucleosides

126. Which types of nitrogen bases are
present in loops of  t-RNA ?
(1) Only unusual nitrogen bases
(2) Only usual nitrogen bases
(3) Both usual and unusual nitrogen bases
(4) None of the above

127. A group of three nitrogen bases on tRNA
to recognise a codon on mRNA is called
(1) codon (2) Anticodon
(3) Genetic code (4) Triplet

128. In actual structure, the tRNA is a compact
molecule that looks like
(1) Nucleosome
(2) Inverted L-form suggested by klug
(3) Inverted omega
(4) Clover leafsuggested by Holley

129. During protein synthesis
(1) Code on mRNA is translated
(2) Coding is done by DNA strands
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(3) Code is transfered on tRNA
(4) all of these are correct

130. Synthesis of polypeptide terminates when
a nonsense codon of mRNA reaches
(1) A site (2) P site
 (3) B site (4) None

131. Enzyme for peptide formation is located
in
(1) Smaller subunit of ribosome
(2) Larger subunit of ribosome
(3) tRNA
(4) Cytoplasm

132. Amino acid binding site of  tRNA is
(1) 5¢ end (2) TC loop
(3) DHU loop (4) 3 end.

133. Translation refers to the process of –
(1) Polymerisation of nitrogen bases
(2) Polymerisation of nucleotides
(3) Polymerisation of nucleosides
(4) Polymerisation of amino acids

PRACTICE TEST - 8
134. The sequence of structural genes in lac

operon is

(1) Lac A, Lac Y, Lac Z

(2) Lac A, Lac Z, Lac Y

(3) Lac Y, Lac Z, Lac A

(4) Lac Z, Lac Y, Lac A
135. Enzyme transacetylase produced by lac

operon in E. coli

(1) Split lactose into glucose and galactose
(2) Is required for entry of lactose

(3) Is coded by gene a

(4) Both (1) and (2)

136. If tryptophan is externally supplied to E.
coli then

(1) Tryptophan operon is switched off

(2) Tryphophan operon is switched on

(3) Lac operon is switched off

(4) Lac operon is switched on the year 1990.

137. In lac operon, gene synthesising a
repressor protein is called

(1) Operator gene

(2) Structural gene (3) Promoter gene

(4) Regulator gene

QUESTION BANK - I
1. Arginine and lysine carries .....(1) ....

charge in their side chains. Histones are
organised to form a unit of eight molecules
called ......(2) ...... The negatively charged
DNA is wrapped around the positively
charged histone octamer to form a
structure called .....(3) .....

Here A, B and C refers to

(1) A-positive, B-histone octamer, C-
nucleosome

(2) A-negative, B-nucleosome. C-histone
octamer

(3) A-neutral, B-nucleosome, C-histone
octamer

(4) A-neutral, B-octamer, C-histone tetramer

2. Read the following statements and choose
the correct option.

A. Nitrogenous base is linked to the pentose
sugar through a N-glycosidic linkage.

B. Phosphate group is linked to 5'-OH of a
nucleoside through phosphoester linkage.

C. Two nucleosides are linked through 3' - 5'
N-glycosidic linkage.

D. Negatively charged DNA is wrapped
around  positively charged histone octamer
to form nucleosome.

E. The chromatin that is more densely packed
and stains dark is called euchromatin.

(1) A, B and C alone are wrong

(2) D alone is wrong

(3) C and E alone are wrong

(4) A alone is wrong

3. One of the hallmarks of famous Double
Helix model of DNA  was

(1) base pairing between the two strands of
polynucleotide chains

(2) two chains have anti-parallel polarity

(3)  two chains are coiled in a right-handed
fashion
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(4) uniform distance between the two strands
of the helix

4. Which of the following is not a salient
features of the Double-helix structure of
DNA

(1) if the sequence of bases in one strand is
known then the sequence in other strand can
be predicted

(2) The base pairing confers a very unique
property to the polynucleotide chains

(3) The proposition  of  base pairing between
the two strands of polynucleotide chains was
based on the observation of Maurice Wilkins
and Rosalind Franklin

(4) if each strand from a DNA  acts as a
template for synthesis of a new strand, the
two double stranded DNA  thus, produced
would be identical to the parental DNA
molecule.

5. Refer to the given figure of nucleosome and
select the option that correctly identify the parts
A, B and C

B C

A

(1) A-DNA, B-Histone octamer, C-H1 histone
(2) A-Histone octamer, B-H1 histone, C-DNA
(3) A-Histone octamer, B-DNA, C-H1
histone
(4) A-DNA, B-H1 histone, C-Histone octamer

6. The given figure represents the DNA
double helix model as proposed by Watson
and Crick (1953) . Select the option that
shows correct measurements of A, B and
C.

C

A B

(1) A – 3.4 nm, B – 0.34 nm, C – 2 nm
(2) A – 34 nm, B – 3.4 nm, C – 20 nm
(3) A – 3.4 Å, B – 0.34 Å, C – 20 Å
(4) A – 34 Å, B – 3.4 Å, C – 2 Å

7. What does A and B represent in the given
representation?

A 

B

Phosphoric 
acid 

+  Sugar + Nitrogenous base

(1)  A – Ribonucleoside, B –
Deoxyribonucleoside
(2) A – Ribonucleotide, B –
Deoxyribonucleotide
(3) A – Nucleoside, B – Nucleotide
(4) A – Nucleotide, B – Nucleoside

8. If a double stranded DNA has 20% of
cytosine, what will be the percentage of
adenine in it?

(1) 20%  (2) 40%       (3) 30% (4) 60%

9. Which of the following pairs is incorrectly
matched?

(1) Purines – Adenine and Guanine

(2) Pyrimidines – Cytosine and Uracil

(3) Nucleosides – Adenosine and Thymidine

(4) DNA – chemically biohomopolymer

10. Select an incorrect statement

(1) DNA is the predominant genetic material

(2) RNA performs dynamic functions of
messenger and adapter

(3) Stability of genetic material was very
evident in Griffith’s ‘transforming principle’
itself that heat, which killed the bacteria, at
least did not destroy some of the properties
of genetic material.

(4) RNA is known to be catalytic and
unreactive

11. RNA being a catalyst was reactive and  hence
......A..... Therefore, DNA has evolved from
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RNA with .....B.... modification that makes it
more .....C....

Choose the correct option for A, B and C

(1) A-stable, B-physical, C-stable

(2) A-stable, B-chemical, C-stable

(3) A-unstable, B-chemical, C-stable

(4) A-unstable, B-chemical, C-unstable

12. Select an incorrect statement regarding
experiments of Oswald Avery, Colin
MacLeod and Maclyn McCarty to
determine the biochemical nature of
‘transforming principle’ in Griffith’s
experiment

(1) They purified biochemicals (proteins,
DNA, RNA, etc) from the heat-killed S cells
to see which ones could transform live R cells
into S cells

(2) They discovered that DNA alone from S
bacteria caused R bacteria to become
transformed

(3) They discovered that proteases and
RNases promoted transformation

(4) Digestion with DNase promoted
transformation, suggesting that the DNA caused
the transformation.

13. Select an incorrect statement for Hershey
and Chase experiments
(1) They grew some viruses on a medium that
contained radioactive phosphorus and some
others on medium that contained radioactive
sulfur
(2) Viruses grown in the presence of
radioactive phosphorus contained radioactive
DNA but not radioactive protein
(3) Viruses grown on radioactive sulfur
contained radioactiveDNA but not radioactive
protein
(4) The bacterial cell treats the viral genetic
material as if it was its own and subsequently
manufactures more virus particles.

14. Which of the following was not a
observation  in Hershey and Chase
experiments
(1) Bacteria which was infected with viruses
that had radioactive DNA were radioactive

(2) Bacteria that were infected with viruses
that had radioactive proteins were
radioactive.
(3) DNA was the material that passed from
the virus to the bacteria
(4) Proteins did not enter the bacteria from
the viruses

15. Select an incorrect statement
(1) both the nucleic acids (DNA and RNA)
have the ability to direct their duplications
(2) proteins have no ability to direct their
duplications
(3) DNA chemically is less reactive and
structurally more stable when compared to
RNA
(4) 2'-OH group present at every nucleotide
in DNA is a unreactive group and makes DNA
stable

16. Select an incorrect statement

(1) Both DNA and RNA are able to mutate.

(2) RNA mutate at a slower rate.

(3) Viruses having RNA genome and having
shorter life span mutate and evolve faster.

(4) RNA can directly code for the synthesis
of proteins, hence can easily express the
characters

17. The steps involved in Hershy and Chase
experiment.

I. Infection II. Blending

III. Centrifugation IV. Filtration

(1) I, II & III (2) I & II

(3) II & III (4) All
18. Select the right statements out of the

following
(i) Both DNA and RNA are able to mutate.
(ii) RNA being unstable, mutates at a faster
rate.
(iii) RNA shows catalytic properties.
(iv) Presence of uracil (U) in place of
thymine (T) confers additional stability to
RNA.
(1) (i) & (ii) (2) (ii) & (iii)
(3) (i) & (iv) (4) (i) , (ii) & (iii)

19. Match the list of items of Column I with
Column II and select the correct option
from the codes given below.
Column I Column II
A. F. Meischer        (i) DNA double helix
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B. Griffith        (ii) Nuclein
C. Hershey and Chase  (iii) S. pneumoniae
D. Watson and Crick     (iv)Bacteriophages

E. Wilkins and Franklin (v) X-ray
diffraction

                           studies
(1) A-(ii) , B-(iii) , C-(iv) , D-(i) , E-(v)
(2) A-(v) , B-(iv) , C-(iii) , D-(i) , E-(ii)
(3) A-(i) , B-(iii) , C-(iv) , D-(ii) , E-(v)
(4) A-(i) , B-(iv) , C-(iii) , D-(ii) , E-(v)

20. The process of transformation is not
affected by which of the following
enzymes?
A. DNase B. RNase
C. Peptidase D. Lipase
(1) A, B (2) A, B, C, D
(3) B, C, D (4) A, B, C

21. The given flowchart represents the flow
of genetic information between
biomolecules. Identify the processes A, B,
C and D and select the correct option.

C

B D
A ProteinsDNA mRNA

(1) A-Translation, B-Transcription,
C-Replication, D-Reverse Transcription
(2) A-Replication, B-Transcription,
C-Translation,
D-Reverse Transcription
(3) A-Replication, B-Transcription,
C-Reverse Transcription, D-Translation
(4) A-Replication, B-Reverse Transcription,
C-Transcription, D-Translation

22. Biochemical nature of the Griffith’s
experiment was firstly determined by
I. Oswald Avery II. Colin MacLeod
III. Maclyn McCarty IV.  Griffith’s
V. Alfred Hershey VI. Martha
Chase
Choose the correct option for the given
statements.
(1) I, II and III (2) IV, V and IV

(3) II, III and IV (4) I, V and VI

23. Select an incorrect statement
(1) RNA was the first genetic material.

(2) Essential life processes evolved around
DNA
(3) RNA used to act as a genetic material as
well as a catalyst in the past
(4) Some biochemical reactions in living
systems are catalysed by RNA catalysts

24.    A   being more stable is preferred for
storage of genetic information. For the
transmission of genetic information    B    is
better.

Choose the correct option for A & B.
(1) A-RNA, B-DNA
(2) A-Nucleosome, B-DNA
(3) A-DNA, B-RNA
(4)  A-DNA, B-Nucleosome

25. DNA being double strand and having ...A...
strand, ...B... changes by evolving repair.
Choose the correct option for A and B.

(1) A-supplementary; B-resists

(2) A-complementary ; B-resists

(3) A-complementary; B-accept

(4) A-supplementary; B-accept

26. Deoxyribonucleoside triphosphate serve
dual purposes. The purposes are

I. acting as substrate

II. acting as enzymes

III. provide energy for polymerisation

IV. increase the rate of reaction.

Choose the correct option.

(1) l and Il (2) II and III

(3) III and IV (4) I and III

27. In Meselson and Stahl’s experiment, equal
amount of light DNA and hybrid DNA was
observed in E.coli culture after

I. Two generation

II. 40 minutes III. 80 minutes

IV. three generation

Choose the correct option for given
statement of question.

(1) I and II (2) II and III
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(3) III and IV (4) I and IV

28. Select an incorrect statement

(1) DNA that the two strands being
complementary if separated by heating come
together, when appropriate conditions are
provided

(2) RNA is known to be catalytic

(3) thymine at the place of uracil confers
additional stability to DNA

(4) 3'-OH group present at every nucleotide
in RNA is a reactive group and makes RNA
easily degradable

29. Select the incorrect statement regarding
DNA replication.

(1) Leading strand is formed in 5 – 3
direction

(2) Okazaki fragments are formed in 5 – 3
direction

(3) DNA polymerase catalyses
polymerization in 5 – 3  direction

(4) DNA polymerase catalyses
polymerization in 3 – 5  direction

30. Assuming that 50 heavy (i.e. containing
N15) DNA molecules replicated twice in a
medium containing N14, we expect:

(1) 100 half and 150 light DNA molecules

(2) 100 half heavy and half light and 100
light DNA molecules

(3) 50 heavy and 150 light DNA molecules

(4) 50 heavy and 100 light DNA molecules

31. During transcription of RNA

(1) DNA-dependent RNA polymerase
catalyse the polymerisation in direction

 5'’  3'

(2) The DNA  strand that has the polarity 5'’
 3' acts as a template

(3) The  strand which does not code for
anything  is referred to as noncoding strand

(4) The genetic information from both
strands of the DNA  is copied into RNA.

There is single DNA-dependent RNA
polymerase that catalyses transcription of
all types of RNA in bacteria.

32. RNA polymerase binds to promoter and
initiates transcription (Initiation) . It uses
(1) Nucleoside triphosphates as substrate
(2) Nucleotide triphosphates as substrate
(3) Nucleoside monophosphates as
substrate
(4) Nucleotide monophosphates as substrate

33. Sometimes the regulatory sequences are
loosely defined as regulatory genes even
though these sequences do not code for any
RNA or protein because
(1) inheritance of a character is affected by
promoter and regulatory sequences of
structural genes
(2) inheritance of character is not affected by
promoter and regulatory sequences of
structural genes
(3) regulatory  sequences can’t be defined as
regulatory genes because they don’t exist in
eukaryotes genome
(4) regulatory sequences can’t be defined as
regulatory genes because they don’t exist in
prokaryotic genome

34. What happens in tailing process of
transcriptions?
(1) Adenylate residue added at 5’end of RNA
(2) Adenylate residue added at 3’end of RNA
(3) Guanylate residue added at 5’end of RNA
(4) Guanylate residue added at 3’end of RNA

35. Read the following statements and choose
the correct option.
I. RNA polymerase associates transiently
with ‘Rho’ factor to initiate transcription.
II. In bacteria, transcription and translation
takes place in the same compartment.
III. RNA polymerase II is responsible for
transcription of rRNA.
IV. When hnRNA undergoes capping
process, adenylate residues are added at
3' end in a  template independent manner.
V. hnRNA is the precursor of mRNA.
(1) II only is correct
(2)II,III & V only are correct
(3) III and IV only are correct
(4) II and V only are correct

36. Select an incorrect statement
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(1) Splicing evolved around RNA
(2) Protein synthesis  evolved around RNA
(3) RNA is a unstable
(4) DNA resists changes by evolving a
process of folding

37. A hypothetical sequence from a
transcription unit is represented below:
3 ' -
ATGCATGCATGCATGCATGCATGC-
5' Template Strand
5 ' -
TACGTACGTACGTACGTACGTACG-
3' Coding Strand
Write the sequence of RNA transcribed
from above DNA ?

(1) 3'-AUGCAUGCAUGCAUGCAUGCAUGC-5'

(2) 5'-AUGCAUGCAUGCAUGCAUGCAUGC-3'

(3) 3'-UACGUACGUACGUACGUACGUACG-5'

(4) 5'-UACGUACGUACGUACGUACGUACG-3'

38. Select an incorrect statement for a eukaryotic
genes
(1) Split-gene arrangement complicates the
definition of a gene
(2) Inheritance of a character is affected by
regulatory sequences of a structural gene.
(3) Sometime the regulatory sequences do not
code for any RNA or protein.
(4) The structural gene in a transcription unit
could be said as monocistronic mostly in
prokaryotes or polycistronic mostly in
eukaryotes

39. Select an incorrect statement
(1) In bacteria, there are three major types of
RNAs
(2) All three RNAs are needed to synthesise
a protein in a cell.
(3) tRNAs play structural and catalytic role
during translation.
(4) The mRNA provides the template during
protein synthesis

40. Replication and transcription are easy to
conceptualise on the basis of
(1) complementarity (2) polarity
(3) stability
(4) X-ray diffraction

41. Read the following statements carefully
and choose the correct statements.

A. In a transcription unit, the promoter
located at the 5' end of coding strand
B. The single strand DNA having the
polarity 5'   3' is the template strand
C. RNA polymerase binds to the operator
during transcription.
D. Varation in a single nucleotide that
occurs at a specific position in the human
genome is called Single Nucleotide
Polymorphism (SNPs) .

(1) Statements B and D
(2) Statements A and B
(3) Statements A and D
(4) Statements B and C

42. Identify the labels A, B, C and D in the
given structure of tRNA and select the
correct option.

OH  3   A 
 |
A
C
C

Variable arm

B

C

D

(1) A-Anticodon loop, B-TC loop, C-AA
binding site, D-DHU loop
(2) A-AA binding site, B-TC loop, C-
Anticodon loop, D-DHU loop
(3) A-AA binding site, B-DHU loop, C-
Anticodon loop, D-TC loop
(4) A-AA binding site, B-DHU loop, C-TC
loop, D-Anticodon loop

43. What would be the base sequence of RNA
transcript obtained from the given DNA
segment?
5 – G C A T T C G G C T A G T A A C – 3
Coding strand of DNA
3 – C G T A A G C C G A T C A T T G – 5
Non-coding strand of DNA
(1) 5–GCAUUCGGCUAGUAAC – 3
(2) 5–CGUAAGCCGAUCAUUG – 3
(3) 5–GCATTCGGCTAGTAAC – 3
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(4) 3–CGTAAGCCGATCATTG– 5
44. Which of the following is a false

statements?
(1) DNA is chemically less reactive, as
compared to RNA
(2) RNA mutate at a faster rate, as compared
to DNA
(3) Guanyl transferase enzyme helps in
capping process during splicing of  m-RNA
(4) Adenylate residue added at 31 end of RNA

45. Which one of the following is correct?
(1) Introns are present in mRNA and exons
are  present in rRNA
(2) Codons are present in mRNA and
anticodons in tRNA
(3) Every intron is a set of three terminator
codons.
(4) Exons are present in eukaryotes while
introns are present in prokaryotes.

GENETIC CODE

46. Select correct statement  for mutations
(1) The relationships between genes and DNA
are best understood by mutation studies.
(2) Effects of large deletions and
rearrangements in a segment of DNA are  not
easy to comprehend.
(3) mutation may result in loss or gain of a
gene and so a function.
(4) point mutation is a change of single base
pair in the gene

47. Identify the correct match between the
codons and coding functions.
Column 1 Column II
A. AUG (1) Phenylalanine
B. UAA (2) Methionine
C. UUU (3) Tryptophan
D. UGG (4) Termination

A B C D
(1) 1 4 2 3
(2) 2 4 1 3
(3) 4 3 2 1
(4) 4 1 3 2

48. Which of the following is not a salient
features of genetic code
(1) three codons do not code for any amino
acids

(2) unambiguous and specific
(3) code is nondegenerate.
(4) the codon is read in mRNA in a contiguous
fashion

49. Which of the following is not a salient
features of genetic code
(1) 3 codons function as stop codons
(2) codon is read in mRNA in a contiguous
fashion.
(3) there are no punctuations.
(4) The code is nearly universal except in

mitochondrial codons, and in some insects

50. Choose the correct statement pertaining
to genetic code
(1) It includes 61 codons for amino acids and
3 stop codons
(2) Is universal and has 3 bases  per codon
(3) Some amino acids are coded by multiple
codons
(4) All of the above

51. Which out of the following statements is
incorrect?
(1) Genetic code is ambiguous
(2) Genetic code is degenerate
(3) Genetic code is universal

(4) Genetic code is non-overlapping

52. Following are the stages in the cellular
synthesis of a protein.
I. Movement of mRNA from the nucleus to
cytoplasm.
II. Linking of adjacent amino acid
molecules.
III. Transcription of mRNA from a DNA
template.
IV. Formation of the polypeptide chain.
V. Attachment of the mRNA strand to a
ribosome.
In which order do these stages take place?
(1) III I V II IV
(2) I III II V IV
(3) I V III IV II

(4) III IV I II V

53. Match the following columns.
Column 1 Column II
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(A) Termination         (1) Aminoacyl
tRNA synthatase

(B) Translation         (2) Okazaki
fragments

(C) Transcription         (3)  release factor
(D) DNA replication       (4)RNA polymerase

A B C D
(1) 3 1 4 2
(2) 4 1 3 2
(3) 4 3 1 2
(4) 2 3 1 4

54. Consider the following statements
I. rRNA provides the template for synthesis
of proteins.
II. tRNA brings amino acids and reads the
genetic code.
III. RNA polymerase binds to promoter and
initiates transcription.
IV. A segment of DNA coding for
polypeptide is called intron.
(1) I and III are correct
(2) I and II are correct
(3) I, II and III are correct
(4) II and III are correct

55. The ribosome moves from codon to codon
along the .....A..... At the end a .....B....
factor binds to .....C..... codon, terminating
translation and releasing the complete
polypeptide from the ribosome.
Choose the correct option for A, B and C.
(1) A-mRNA, B-stop, C-release
(2) A-mRNA, B-release, C-stop
(3) A-tRNA, B-release, C-stop
(4) A-tRNA, B-stop, C-release

56. Which of the following factor is required
for the protein synthesis?
I. Initiation codon II. GTP and ATP
III. Peptidyl transferase IV. tRNA
V. mRNA
VI. Amino acid activating enzyme
VII. rRNA
Choose the correct combination.
(1) I, II and III (2) III, IV and V
(3) V, VI and VII (4) All of these

57. Match the following columns.
Column 1 Column II
(A) tRNA (1) Linking of amino acids

(B) mRNA (2) Transfer of genetic
information

(C) rRNA (3) Structural and catalytic
role
(D) Peptidyl (4) Transfer of amino
transferase acid from cytoplasm to

ribosome
A B C D

(1) 4 2 3 1
(2) 1 4 3 2
(3) 1 2 3 4
(4) 1 3 2 4

58. Match the following columns.
Column 1 Column II
A. 5’AUG 3'        (1) Segment of DNA
B. RNA with introns      (2) Chromatin
and exon
C. Gene        (3) hnRNA
D. Nucleosomes        (4) Initiation  codon

A B C D
(1) 4 3 1 2
(2) 4 2 1 3
(3) 2 1 4 3
(4) 2 3 1 4

59. In mRNA, AUG is the initiation and UAA,
UAG and UGA are termination codons,
therefore, the polypeptide cannot be
synthesized beyond any of these triplets to
the end of mRNA. Then which of the
following will be translated completely?
(1) AUG UGA UUA AAG AAA
(2) AUG AUA UAG CCC UCA
(3) AGU UCC AGA CUC UAA
(4) AUG UAC AGU ACC UAG

60. The following features occur during protein
synthesis:
(a) Movement of mRNA from the nucleus
into the cytoplasm, where it binds to the
ribosomes
(b) Formation of tRNA-amino acid complex
(c) Transcription of specific segments of
DNA into mRNA molecules in the nucleus
(d) Binding of N-terminal amino acid,
methionine tRNA to the ‘P’ site of the
ribosome. The tRNA anticodon ‘pairs with
AUG on mRNA’
(e) Formation of peptide bond between
first and second amino acids at the A site
(f) Release of the complete polypeptide
chain from mRNA and the ribosomes
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(g) Migration of dipeptide to form a
tripeptide and then a polypeptide
The correct order of events is:
(1) c,b,a,e,f and g
(2) a,b,c,d,e,f and g
(3) c, a, b, e, d, f and g
(4) c, a, b, d, e, g and f

Regulation of Gene Expression
61. Match the list of items Column I with

Column II and select the correct option
from the codes given below.
Column I Column II
A. Operator site (i) Binding site for RNA

polymerase
B. Promoter site (ii) Binding site for

repressor molecule
C. Regulator gene (iii) Codes for protein

/ enzyme
D. Structural gene (iv) Codes for repressor

molecule
(1) A-(ii) , B-(i) , C-(iii) , D-(iv)
(2) A-(ii) , B-(i) , C-(iv) , D-(iii)
(3) A-(iv) , B-(iii) , C-(i) , D-(ii)
(4) A-(ii) , B-(iii) , C-(i) , D-(iv)

62. The given figure shows lac operon and its
functioning. Select the option which correctly
labels A, B, X, Y and Z.

X Y Z

Transcription

A

mRNA
I p o z y a

B

(1) A-Repressor, B-Inducer

X--Galactosidase, Y-Permease, Z-
Transacetylase
(2) A-Repressor, B-Inducer
X-Permease, Y--Galactosidase, Z-
Transacetylase
(3) A-Inducer, B-Repressor
X--Galactosidase, Y-Permease, Z-
Transacetylase
(4) A-Inducer, B-Repressor
X--Galactosidase, Y-Transacetylase, Z-
Permease

63. In E. coli as per lac operon concept, the
product of “I” gene combines with

(1) Inducer gene to “Switch off” structural
genes
(2) Operator gene to “Switch off” structural
genes
(3) Operator gene to “Switch on” structural
genes
(4) Regulator protein to “Switch off”
structural genes

64. Lactose operon produces enzymes

(1)  -galactosidase, permease and glycogen
synthetase

(2)  -galactosidase, permease and
transacetylase
(3) Permease, glycogen synthetase and
transacetylase

(4)  -galactosidase,  phosphoglucose,

isomerase and permease

65. In eukaryotes gene regulation occurs at
I. translational level.
II. transcriptional level.
III. post transcriptional level.
IV. Translocation of mRNA level.
Choose the correct combination.
(1) l and II (2) III and IV

(3) I and IV (4) I, II, III and IV

66. Repressor in lac operon model is

I. product of structural genes

II. lactose III. a protein

IV. product of regulatory or i-gene

Choose the correct combination

(1) l and II (2) II and III

(3) I and IV (4) III and IV

STATEMENT TYPE OF QUESTIONS:

Options for given questions:

1) Both statemets are correct
2) Both statements are incorrect
3) Statement-I is correct Statement-II is
incorrect
4) Statement-I is incorrect Statement-II
is correct

77. Statement-I:  Adenine and Guanine
contain two C-N rings.
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Statement-II: Adenine and Guanine are
pyramidines.

78. Statement-I: Central dogma of molecular
biology is broadly a two step process
Statement-II: In central dogma of
molecular biology, both transcription and
translation occur inside the nucleus

79. Statement-I:: Euchromatin is
transcriptionally active part of chromatin.
Statement-II: Darkly stained region of
chromatin is Euchromatin.

80. Statement-I: DNA is called store house
of genetic information.

Statement-II: DNA is the carrier of
genetic information from parent to
offspring.

81. Statement-I: RNA is labile and easily
degradable

Statement-II: RNA is catalytic due to 2 -
OH group in each ribonucleotide.

82. Statement-I:RNA is more reactive and
structurally less stable than DNA.

Statement-II: The ‘OH’ group present at

2nd  position of ribose sugar in each
nucleotide of RNA is more reactive and it
has 5-methyl uracil which also promotes
unstability.

83. Statement-I: Retroviruses mutate and
evolve faster

Statement-II: Retroviruses have RNA
genome

84. Statement-I: The replication of DNA in
E.coli completes in 38 minutes.

Statement-II: The time taken for the
completion of a binary fission in E.coli is
38 minutes.

85. Statement-I: Replication of DNA is
semiconservative.

Statement-II: During DNA replication
both strands of DNA act as a templates, to
synthesize new strands and the two new
strands have identical nucleotides.

86. Statement-I: RNA primer is required for
initiation of DNA replication

Statement-II: Primer is required for the
formation of leading strand only

87. Statement-I: During replication in the
nucleus two new strands are synthesised
in opposite direction.

Statement-II: One strand of DNA is
synthesised with ' '5 3
polarity and the other new strand is
synthesised with ' '3 5 .

88. Statement-I: The newly formed DNA
strands are similar to each other.

Statement-II: The newly formed daughter
DNA molecules are replicas to each other.

89. Statement-I:DNA replication can not
occur without primer.

Statement-II: The RNA primer plays an
important role as anchor during replication of
DNA

90. Statement-I: For long DNA  molecules the
two strands of  DNA cannot be separated in
its entire length during replication

Statement-II:Separation of two strands of
DNA for entire length leads to requirement
of  high energy.

91. Statement-I: Both the strands of DNA
molecule are not copied at same time and in
the same place during transcription.

Statement-II: The two RNA molecules, if
produced simultaneously would
complementory to each other, hence would
form a double strandard RNA, that will
prevent translation.

92. Statement-I: Monocistronic mRNA is
absent in all prokarytes.

Statement-II: Product of  transcription in
Lac operon is monocistronic m-RNA.

93. Statement-I: In transcription unit the
promoter is recognised by RNA
polymerase.

Statement-II:  mRNA has transcribed
sequences of initiator codons.
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94. Statement-I: UTRs (Untranslated regions)
are required for less efficient translation
process.

Statement-II: The codon sequence on
processed eukaryotics mRNA begins with
a purine and ends with pyrimidine.

95. Statement-I: Three types of RNA
polymerases are present in prokaryotes.

Statement-II: One type of RNA
polymerase is present in chloroplast and
mitochondria of prokaryotes.

96. Statement-I: :  and   factors are
essential for transcriptioin in all living
organisms.

Statement-II:  factor helps in initiation
and   factor helps in termination of
translation.

97. Statement-I: : Heterogenous nuclear RNA
is the precursor of m-RNA in the bacterium
E.Coli

Statement-II:  Polycistronic structural
genes are common in prokaryotes

98. Statement-I:: :If two RNA  molecules are
formed from  both the strands of DNA
segment the exerciseof transcription would
become a futile one
Statement-II: These two  RNA molecules
being complementary would form a dsRNA
and this would prevent RNA  from being
translated into protein

99. Statement-I:Once the RNA  polymerase
reaches the terminator region termination of
transcription occurs
Statement-II: Terminator region
inactivates RNA polymerase.

100. Statement-I: The transcription and
translation can be coupled in bacteria.
Statement-II: In bacteria transcription
occurs in nucleoplasm and translation
occurs in cytoplasm

101. Statement-I:In prokaryotes the process of
translation may begin  much before the
mRNA is fully transcribed
Statement-II: In prokaryotes mRNA

does not require processing , the
transcription and translation takes place
in the same compartment

102. Statement-I:Genetic code is non
overlapping.
Statement-II:Three successive nucleotides
of mRNA form one codon and they don’t
form a part of next codon

103. Statement-I: According to Francis Crick
there has to be a mechanism to read the
genetic code and also to link genetic code
to the aminoacids.
Statement-II: Aminoacids have no
structural specialities to read the code
uniquely.

104. Statement-I: Lac Operon has one
terminator sequence.
Statement-II: It has only one structural
gene.

105. Statement-I: Regulation of Lac operon is
negative regulation.
Statement-II: Lac operon is regulated by
product of gene i which binds to the operator.

106. Statement-I: The structural genes of Lac
operon are transcribed with the availability
of Lactose and glucose.
Statement-II: m-RNA of Lac Operon  has
only one terminating codon.

107. Statement-I: Operator gene is functional
when it is not blocked by repressor.
Statement-II: Regulator gene produces
active protein only, when operon is switched
on in E.coli.

QUESTION BANK - II
(PREVIOUS QUESTIONS FROM

NEET & OTHER EXAMS)
1. The Okazaki fragments during DNA chain

growth
(1) polymerize in the 3 to 5    direction
and forms replication fork
(2) prove semi conservative nature of DNA
replication
(3) polymerize in the 5 to 3    direction and
explain 3 to 5    DNA replication



44

(4) result in transcription
2. The length of DNA molecule greatly

exceeds the dimensions of the nucleus in
the eukaryotic cells. How is this DNA
accomodated?

(1) Super coiling in nucleosomes
(2) DNase digestion
(3) Through elimination of repetitive DNA

(4) Deletion of non-essential genes

3. During transcription, RNA polymerase
holoenzyme binds to a gene promotor and
assumes a saddle-like structure. What is
it’s DNA binding sequence?

(1) AATT (2) CACC

(3) TATA (4) TTAA

4. One gene-one enzyme relationship was
established for the first time in

(1) Salmonella typhimurium

(2) Escherichia coli

(3) Diplococcus pneumoniae

(4) Neurospora crassa

5. Molecular basis of organ differentiation
depends on the modulation in transcription
by
(1) ribosome              (2) transcription factor
(3) anticodon            (4) RNA polymerase

6. What is not true for genetic code?
(1) It is degenerate (2) It is
unambiguous
(3) A codon in mRNA is read in a non
contiguous fashion
(4) It is nearly universal

AFMC 2008
7. Heavy DNA can be differentiated from

normal DNA by which centrifugation
technique?
(1) AgCl density gradient
(2) CaSO4 density gradient
(3) CsCl density gradient
(4) KCl density gradient

AIIMS 2008
8. Assertion: Replication and transcription

occur in the nucleus but translation occurs

in the cytoplasm.
Reason: mRNA is transferred from the
nucleus into the cytoplasm where
ribosomes and amino acids are available
for protein synthesis
(1) Both Assertion and Reason are true and
Reason is the correct explanation
(2) Both Assertion and Reason are true and
But Reason is not the correct explanation
(3) Assertion is true but Reason is false
(4) Both Assertion and Reason are false

9. Which one of the following pairs is
correctly matched with regard to the
codon and the amino acid coded by it?

(1) UUA-Valine (2) AAA-Lysine
(3) AUG-Cysteine (4) CCC-Alanine

UPCPMT 2008
10. An eukaryotic gene contains two kinds of

base sequences. Which of these plays an
important role in protein synthesis?
(1) Introns (2) Exons
(3) Both (1) & (2) (4) None

DUMET 2008
11. The number of punctuation codons in a

genetic code are
(1) 2 +3 =5 (2) 1 + 3 = 4
(3) 1 + 1 = 2 (4) 3

12. The process of reverse transcription was
discovered by
(1) Temin and Baltimore
(2) Watson and Crick
(3) Alfred Hershey
(4) None of the above

13. The process of joining of amino acids is
called
(1) transcription (2) translation
(3) conjugation (4) none

KECT 2008

14. The sequence of events mentioned below
are symbolised by alphabets. Choose the
correct answer where the alphabets are
matched with the processes

A B CRNA DNA DNA mRNA  
D Polypeptide

(1) A-Replication, B-Transformation, C-
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Transcription, D-Translation
(2) A-Reverse Transcription, B-Replication,
C-Transcription, D-Translation
(3) A-Replication, B-Transcription, C-
Translation,         D-Transduction
(4) A-Reverse Transcription, B-Replication,
C-Transcription, D-Replication

EAMCET 2008

15. Identify the triplet codons, which code for
the amino acids serine and proline.
I. UCC II. CCA III. AAG IV.
GGG
(1) I and III (2) II and IV
(3) III and IV (4) I and II

KECT 2009

16. When DNA replication starts
(1) The leading strand produces okazaki
fragments
(2) The hydrogen bonds between the
nucleotides of two strands break
(3) The phosphodiester bonds between the
adjacent nucleotides break
(4) The bonds between the nitrogen base and
deoxyribose sugar base break

17. Compare the statements A and B
Statement A : A monocistronic mRNA can
produce several types of polypeptide
chains.
Statement B: The terminator codon is
present on the mRNA.
Select the correct description:
(1) Both the statements A and B are wrong
(2) Statement A is correct and B is wrong
(3) Statement A is wrong  and B is correct
(4) Both the statements A and B are correct

WB JEE 2009; DPMT 2009

18. mRNA directs the building of proteins
through a sequence of

(1) exons (2) introns

(3) codons (4) anticodons

CBSE PRE 2010
19. Select the two correct statements out of

the four (i–iv) given below about lac operon.

(i) Glucose or galactose may bind with the
repressor and inactivate it

(ii) In the absence of lactose the repressor
binds with the operator region
(iii) The z-gene codes for permease
(iv) This was elucidated by Francis Jacob
and Jacque Monod
(1) (i) and (ii) (2) (ii) and (iii)
(3) (i) and (iii) (4) (ii) and (iv)

20. Which one of the following does not follow
the central dogma of molecular biology?
(1) Chlamydomonas (2) HIV
(3) Pea (4) Mucor

21. Which one of the following palindromic
base sequences in DNA can be easily cut
at about the middle by some particular
restriction enzyme?
(1) 5’-----GAATTC------3’

3’-----CTTAAG------5’
(2) 5’-----GACGTA------3’

3’-----GTCAGT------5’
(3) 5’-----CGTTCG------3’

3’-----ATGGTA------5’
(4) 5’-----GATATG------3’

3’-----CTACTA------5’
CBSE 2010
22. Which one of the following statements

about the particular entity is true?
(1) Nucleosome is formed of nucleotides
(2) DNA consists of a core of eight histones
(3) Centromere is found in animal cells,
which produces aster during cell division
(4) The gene for producing insulin is present
in every body cell

23. The 3'-5' phosphodiester linkages inside
a polynucleotide chain serve to join :
(1) One nucleotide with another nucleotide
(2) One nitrogenous base with pentose sugar.
(3) One DNA strand with the other DNA strand
(4) One nucleoside with another nucleoside

24. The lac operon consists of :
(1) Two regulatory genes and two structural
genes
(2) Three regulatory genes and three structural
genes
(3) Four regulatory genes only
(4) One regulatory gene and three structural
genes
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DPMT 2010
25. A nucleoside differs from a nucleotide in

not having:
(1) Sugar (2) Glucose
(3) Nitrogen base (4) Phosphate group

26. If the total amount of adenine and thymine
in a double-stranded DNA is 45%, the
amount of guanine in this DNA will be :

(1) 22.5% (2) 27.5% (3) 45% ( 4 )
55%

27. Okazaki is known for his contribution to
the understanding of :
(1) Transcription (2) Translation
(3) DNA replication (4) Mutation

28. The beginning of understanding genetic
transformation in bacteria was made by:
(1) Frederick Griffith (2) Hershey and
Chase
(3) Watson and Crick (4) T.H. Morgan

29. The long and short arms of chromosome
are designated respectively as :
(1) p and q arms (2) q and p arms
(3) m and p arms (4) l and s arms

30. The major cause of evolution of genes and
protein is :
(1) point mutation
(2) chromosomal aberration
(3) sexual reproduction
(4) gene duplication and divergence

31. What will be the correct gene expression
pathway?
(1) Gene—mRNA—transcription—
translation—protein
(2) Transcription—Gene—translation—
mRNA—protein
(3) Gene—transcription—mRNA—
translation—protein
(4) Gene—translation—mRNA—
transcription—protein

HP PMT 2010
32. DNA fingerprinting has application in the

field of
(1) Forensic Science
(2) Genetic Biodiveristy
(3) Evolutionary Biology

(4) All the above
33. The unequivocal proof of DNA as the

genetic material came from the studies on
a
(1) Bacterium (2) Fungus
(3) Viroid (4) Bactereophase

CBSE MAINS 2011
34. Which one of the following also acts as a

catalyst in a bacterial cell?
(1) 5 S rRNA (2) snRNA
(3) hnRNA (4) 23 S rRNA

AMU MEDICAL 2011
35. If the length of a double helical DNA is

1.7 meters. The number of base pairs
present in the DNA is
(1) 95 10 (2) 91.7 10
(3) 93.4 10  ` (4) 61.7 10

CHANDIGARH CET 2011
36. Prokaryotes can be distinguished from

eukaryotes as they lack
(1) RNA (2) Ribosomes
(3) Gene discontinuity (4) Unique DNA
sequence

37. The enzyme that is used to make the first
strand of cDNA from mRNA is
(1) Restriction endonuclease
(2) Reverse transcriptase
(3) DNA polymerase (4) T4 DNA ligase

38. The part of protein coding gene that is
translated into protein is called
(1) Primary transcript (2) Exons
(3) Open reading frames ( 4 )
Antisense strand

HP PMT 2011
39. The technique of DNA fingerprinting was

initially developed by
(1) Watson and Crick (2) Alec Jeffreys
(3) H.G. Khorana    (4) Bateson and Punnett

CBSE MAIN 2012

40. Which one of the following represents a
palindromic sequence in DNA?
(1) 5 CATTAG 3   , 3 GATAAC 5  
(2) 5 GATACC 3   , 3 CCTAAG 5  
(3) 5 GAATTC 3   , 3 CTTAAG 5  
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(4) 5 CCAATG 3   , 3 GAATCC 5  
41. What is it that forms the basis of DNA

fingerprinting?
(1) The relative amount of DNA in the ridges
and grooves of the fingerprints
(2) Satellite DNA occuring as highly repeated
short DNA segments
(3) The relative proportions of purines and
pyrimidines in DNA
(4) The relative difference in the DNA
occurence in blood, skin and saliva

42. Read the following four statements (A-D)
(A) In transcription, adenine pairs with
uracil
(B) Regulation of lac operon by repressor
is referred to as positive regulation
(C) The human genome has approximately
50000 genes
(D) Haemophilia is a sex linked recessive
disease
How many of the above statements are right?
(1) Four (2) One (3) Two(4) Three

43. Which one of the following is a wrong
statement regarding mutations?
(1) UV and Gamma rays are mutagens
(2) Change in a single base pair of DNA does
not cause mutation
(3) Deletion and insertion of base pairs cause
frameshift mutation
(4) Cancer cells commonly show
chromosomal aberrations

CBSE PRELIMS 2012
44. If one strand of DNA has the nitrogenous

base sequence as ATCTG, what would be
the complementary RNA strand
sequence? (1) UAGAC ( 2 )
AACTG
(3) ATCGU (4) TTAGU

45. Given below is the diagrammatic
representation of one of the categories of
small molecular weight organic compounds
in the living tissues. Identify the category
shown and the one blank component “X”
in it.

“X”

OH OH

HOCH2

O

Category        Component
(1) Amino acid        NH2
(2) Nucleotide         Adenine
(3) Nucleoside         Uracil
(4) Cholesterol          Guanine

46. Removal of RNA polymerase III from
nucleoplasm will affect the synthesis of
(1) hn RNA (2) mRNA
(3) rRNA (4) tRNA

47. Which one of the following is not a part of
a transcription unit in DNA?
(1) A terminator (2) A promoter
(3) The structural gene CBSE 2010(4)
The inducer

48. Ribosomal RNA is actively synthesized in
(1) Nucleolus (2) Nucleoplasm
(3) Ribosomes (4) Lysosomes

49. Removal of introns and joining of exons
during transcription is called
(1) Inducing ( 2 )
Slicing
(3) Splicing ( 4 )
Looping

NEET 2013

50. The diagram shows an important concept
in the genetic implication of DNA. Fill in
the blanks A to C.

A B Pr oposed by
C

DNA mRNA protein  
(1) A-translation B-transcription C-Ervin
Chargaff
(2) A-transcription B-translation C-Francis
Crick
(3) A-translation B-extension C-Rosalind
Franklin
(4) A-transcription B-replication C-James
Watson

51. DNA fragments generated by the restriction
endonucleases in a chemical reaction can be
separated by:
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(1) Polymerase chain reaction
(2) Electrophoresis
(3) Restriction mapping
(4) Centrifugation

52. Which enzyme/s will be produced in a cell
in which there is a nonsense mutation in
the lac Y gene ?
(1) Lactose permease (2) Transacetylase
(3) Lactose permease and transacetylase
(4)   - galactosidase

AIPMT 2014
53. Select the correct option :

Direction                Direction of reading
of RNA                of the template
synthesis                DNA strand
(1) 3------ 5 3------ 5
(2) 5------ 3 3------ 5
(3) 3------ 5 5------ 3
(4) 5------ 3 5------ 3

54. Which one of the following is wrongly
matched?
(1) Operon - Structural genes, operator and
promoter
(2) Transcription - Writing information from
DNA to t-RNA
(3) Translation - Using information in m-
RNA to make protein
(4) Repressor protein - Binds to operator to
stop enzyme synthesis

55. Transformation was discovered by
(1) Watson and Crick
(2) Meselson and Stahl
(3) Hershey and Chase (4) Griffith

AIPMT 2015
56. Which of the following biomolecules does

have a phosphodiester bond?
(1) Nucleotides in a nucleic acid
(2) Fatty acids in a diglyceride
(3) Monosaccharides in a polysaccharide
(4) Amino acids in a polypeptide

57. Identify the correct order of organisation
of genetic material from largest to
smallest:

(1) Chromosome, genome, nucleotide, gene
(2) Chromosome, gene, genome, nucleotide
(3) Genome, chromosome, nucleotide, gene
(4) Genome, chromosome, gene, nucleotide

58. Which one of the following is not applicable
to RNA ?
(1) Chargaff’s rule
(2) Complementary base pairing
(3) 5' phosphoryl and 3' hydroxyl ends
(4) Heterocyclic nitrogenous bases

59. Satellite DNA is important because it:
(1) codes for enzymes needed for DNA
replication.
(2) codes for proteins needed in cell cycle.
(3) shows high degree of polymorphism in
population and also the same degree of
polymorphism in an individual, which is heritable
from parents to children.
(4) does not code for proteins and is same
in all members of the population.

60. Gene regulation governing lac operon of
E. coli that involves the lac I gene product
is:
(1) negative and repressible because
repressor protein prevents transcription
(2) feedback inhibition because excess of  -
galactosidase can switch off transcription
(3) positive and inducible because it can be
induced lactose
(4) negative and inducible because repressor
protein prevents transcription

NEET 2016
61. Which of the following is required as

inducer(s) for the expression of Lac
operon?
(1) glucose             (2) galactose
(3) lactose              (4) lactose and galactose

62. A complex of ribosomes attached to a
single strand of RNA is known as :
(1) Polysome (2) Polymer
(3) Polypeptide (4) Okazaki
fragment

63. Which of the following is not required for
any of the techniques of DNA fingerprinting
available at present?
(1) Polymerase chain reaction
(2) Zinc finger analysis
(3) Restriction enzyme
(4) DNA - DNA hybridization

64. Which of the following statements is not
true for cancer cells in relation to mutation?
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(1) Mutations in proto-oncogenes accelerate
the cell cycle
(2) Mutation destroy telomerase inhibitor
(3) Mutations inactivate the cell control
(4) Mutations inhibit production of telomerase

65. Which one of the following is the starter
codon?
(1) AUG   (2) UGA   (3) UAA  (4) UAG

66. A non-proteinaceous enzyme is
(1) deoxyribonuclease (2) lysozyme
(3) ribozyme (4) ligase

67. The equivalent of a structural gene is
(1) recon (2) muton
(3) cistron (4) operon

68. Which of the following rRNAs acts as
structural RNA as well as ribozyme in
bacteria?
(1) 5.8 S rRNA (2) 5 S rRNA
(3) 18 S rRNA (4) 23 S rRNA

69. A molecules that can act as a genetic
material must fulfill the traits given below,
except
(1) it should provide the scope for slow
changes that are required for evolution
(2) it should be able to express itself in the
form of ‘Mendelian characters’
(3) it should be able to generate its replica
(4) it should be unstable structurally and
chemically

70. DNA dependent RNA polymerase
catalyzes transcription on one strand of the
DNA which is called the
(1) antistrand (2) template strand
(3) coding strand (4) alpha strand

NEET 2017
71. The final proof of DNA as the genetic

material came from the experiments of
(1) Hershey and Chase
(2) Avery, Mcleod and Mc Carty
(3) Hargobind Khorana
(4) Griffith

72. DNA fragments are:
(1) Negatively charged (2) Neutral
(3) Either positively or negatively charged
depending  on their size
(4) Positively charged

73. If there are 999 bases in an RNA that
codes for a protein with 333 amino acids,
and the base at position 901 is deleted
such that the length of the RNA becomes
998 bases, How many codons will be
altered?
(1) 11 (2) 33 (3) 333 (4) 1

74. During DNA replication, okazaki
fragments are used to elongate
(1) The lagging strand towards replication
fork.
(2) The leading strand away from replication
fork
(3) The lagging strand away from the
replication  fork
(4) The leading strand towards replication
fork.

75. Spliceosomes are not found in cells of:
(1) Fungi (2) Animals
(3) Bacteria (4) Plants

76. The association of histone H1 with a
nucleosome indicates
(1) DNA replication is occuring
(2) The DNA is condensed into a
Chromatin fibre
(3) The DNA double helix is exposed
(4) Transcription occuring

NEET 2018
77. Select the correct match

(1) T.H. Morgan    - Transduction
(2) F

2
 x Recessive parent  - Dihybrid cross

(3) Ribozyme    -  Nucleic acid
(4) G. Mendel    -  Transformation

78. Select the correct statement
(1) Spliceosomes take part in translation
(2) Punnett square was developed by a
British scientist
(3) Franklin Stahl coined the term ‘linkage’.
(4) Transduction was discovered by S.
Altmann.

79. The experimental proof for
semiconservative replication of DNA was
first shown in a
(1) Plant (2) Bacterium
(3) Fungus (4) Virus

80. All of the following are part of an operon
except
(1) an enhancer (2) structural genes
(3) an operator (3) a promotor

81. AGGTATCGCAT is a sequence from
the coding strnd of a gene.  What will be
the corresponding sequence of the
transcribed mRNA?
1) ACCUATGCCAU
2) UGTUTCGCAT
3) AGGUAUCGCAU
4) UCCAUAGCGUA

NEET 2019



50

82. The shorter and longer arms of a
submetacentric chromosome are
referrred to as
1) s-arm and l-arm respectively
2) p-arm and q-arm respectivrely
3) q-arm and p-arm respectively
4) m-arm and n-arm respectively

83. Match the following genes of the Lac
operon with their respective products
a) i gene i)  -galactosidase
b) z gene ii) Permease
c) a gene iii) Repressor
d) y gene iv) Transacetylase
Select the correct option
1) a-i, b-iii, c-ii, d-iv  2) a-iii, b-i, c-ii, d-iv
3) a-iii, b-i, c-iv, d-ii  4) a-iii, b-iv, c-i, d-ii

84. Under which of the following conditions
will there be no change in the reading
frame of following mRNA?
5’ AACAGCGGUGCUAUU3’
1) Insertion of G at 5th position
2) Deletion of G from 5th position
3) Insertion of A and G at 4th and 5th
positions respectively
4) Deletion of GGU from 7th, 8th and 9th
positions

NEET 2019 (ODISHA)
85.  Match the following RNA polymerases

with their transcribed products :
(a) RNA polymerase I      (i) tRNA
(b) RNA polymerase II    (ii) rRNA
 (c) RNA polymerase III  (iii)hnRNA
Select the correct option from the
following :
(1) (a)-(iii), (b)-(ii), (c)-(i)
(2) (a)-(i), (b)-(iii), (c)-(ii)
(3) (a)-(i), (b)-(ii), (c)-(iii)
(4) (a)-(ii), (b)-(iii), (c)-(i)

86.  What will be the sequence of mRNA
produced by the following stretch of
DNA?
3’ ATGCATGCATGCATG
5’TEMPLATE STRAND
5’ TACGTACGTACGTAC
3’CODING STRAND

(1) 3’ AUGCAUGCAUGCAUG 3’
(2) 3’ AUGCAUGCAUGCAUG 5’
(3) 5’ UACGUACGUACGUAC 3’
(4) 3’ UACGUACGUACGUAC 5’

KEY
PRACTICE TEST - I

1. (2) 2. (2) 3. (1) 4. (3) 5. (4) 6. (1)

7. (1) 8. (3) 9. (4) 10. (1)11. (3) 12. (3)

13. (3) 14. (1) 15. (4) 16. (2)17. (1) 18. (2)

19. (2) 20. (1) 21. (1) 22. (1)23. (3) 24. (3)

25. (4) 26. (3) 27. (2) 28. (3)29. (4) 30. (2)

31. (2) 32. (3) 33. (4) 34. (2)35. (3) 36. (4)

37. (2) 38. (1) 39. (1) 40. (2)41. (2) 42. (2)

43. (2)

PRACTICE TEST - II

44. (2) 45. (4) 46. (1)  47.(1)48.(4)

49. (2) 50. (4) 51. (1) 52. (3)53. (2)

54. (4) 55. (2) 56. (1) 57. (1)58. (4)

59. (4) 60. (1) 61. (1) 62. (3)

PRACTICE TEST - III

63. (1)     64. (2) 65. (1)
PRACTICE TEST - IV

66. (4) 67. (1) 68. (1) 69. (2)70. (2) 71. (1)

72. (2) 73. (2) 74. (1) 75. (2)76. (2) 77. (4)

78. (4) 79. (2) 80. (2)

PRACTICE TEST - V

81. (1) 82. (2) 83. (2) 84. (3)85. (2) 86. (4)

87. (3) 88. (1) 89. (3) 90. (1)91. (4) 92. (1)

93. (2) 94. (2) 95. (1) 96. (3)97. (2) 98. (2)

99. (1) 100.(1)

PRACTICE TEST - VI

101.(1) 102.(2)103.(4) 104.(2) 105.(2)

106.(2) 107.(1)108.(1) 109.(2) 110.(2)

111.(2) 112.(4)113.(3) 114.(4) 115.(1)

PRACTICE TEST - VII
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116.(1) 117.(3)118.(2) 119.(2) 120.(2)
121.(2) 122.(2)123.(3) 124.(2) 125.(2)
126.(3) 127.(2)128.(2) 129.(1) 130.(1)

131.(2) 132.(4)133.(4)

PRACTICE TEST - VIII

134.(4)      135.(3)  136.(1)       137.(4)

QUESTION BANK - I

    1. (1) 2. (3) 3. (1) 4. (3) 5. (3)

    6. (1) 7. (3) 8. (3) 9. (4) 10. (4)

  11. (3) 12. (4) 13. (3) 14. (2) 15. (4)

  16. (2) 17. (1) 18. (4) 19. (1) 20. (3)

  21. (3) 22. (1) 23. (2) 24. (3) 25. (2)

  26. (4) 27. (1) 28. (4) 29. (4) 30. (2)

  31. (1) 32. (1) 33. (1) 34. (2) 35. (4)

  36. (4) 37. (4) 38. (4) 39. (3) 40. (2)

  41. (3) 42. (2) 43. (1) 44. (3) 45. (2)

  46. (2) 47. (2) 48. (3) 49. (4) 50. (4)

  51. (1) 52. (1) 53. (1) 54. (4) 55. (2)

  56. (4) 57. (1) 58. (1) 59. (4) 60. (4)

  61. (2) 62. (1) 63. (2) 64. (2) 65. (4)

  66. (4) 67. (2) 68. (4) 69. (4) 70. (2)

  71. (1) 72. (1) 73. (2) 74. (2) 75. (4)

  76. (3) 77. (3) 78. (3) 79. (3) 80. (1)

  81. (3) 82. (3) 83. (1) 84. (3) 85. (3)

  86. (3) 87. (3) 88. (4) 89. (1) 90. (1)

  91. (1) 92. (2) 93. (4) 94. (2) 95. (2)

  96. (2) 97. (4) 98. (1) 99. (3) 100. (3)

  101. (1) 102. (1) 103. (1) 104. (3) 105. (1)

  106. (2) 107. (3)

QUESTION BANK - II

(PREVIOUS QUESTIONS FROM
NEET & OTHER EXAMS)

   1. (2) 2. (1) 3. (3) 4. (4) 5. (4)

   6. (3) 7. (3) 8. (1) 9. (2) 10. (2)

  11. (2) 12. (1) 13. (2) 14. (2) 15. (4)

  16. (2) 17. (3) 18. (3) 19. (4) 20. (2)

  21. (1) 22. (4) 23. (1) 24. (4) 25. (4)

  26. (2) 27. (3) 28. (1) 29. (2) 30. (3)

  31. (3) 32. (4) 33. (4) 34. (4) 35. (1)

  36. (3) 37. (2) 38. (3) 39. (2) 40. (3)

  41. (2) 42. (3) 43. (2) 44. (1) 45. (3)

  46. (4) 47. (4) 48. (1) 49. (3) 50. (2)

  51. (2) 52. (4) 53. (2) 54. (2) 55. (4)

  56. (1) 57. (4) 58. (1) 59. (3) 60. (4)

  61. (3) 62. (1) 63. (2) 64. (4) 65. (1)

  66. (3) 67. (3) 68. (4) 69. (4) 70. (2)

  71. (1) 72. (1) 73. (2) 74 .(3) 75. (3)

  76. (2) 77. (3) 78. (2) 79. (2) 80. (1)

  81. (3) 82. (2) 83. (3) 84. (4) 85. (4)
  86. (3)
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   INTRODUCTION

Ø Biology is the youngest of the formalised disciplines of natural science.

Ø Progress in physics and chemistry proceeded much faster than in Biology.

Ø Applications of physics and chemistry in our daily life also have a higher  visibility than
those of biology.

Ø However, twentieth century and certainly twenty-first century has  demonstrated the utility
of biological knowledge in furthering human welfare, be it in health sector,  and
agriculture.

Ø The discovery of antibiotics, and synthetic plant-derived drugs, anaesthetics   have changed
medical practice on one hand and human health on the other hand. Life expectancy of
human beings have dramatically changed over the years.

Ø Agricultural practices, food processing and diagnostics have brought socio-cultural changes
in  human communities.

* M.S. Swaminathan born in August 1925 in Kumbakonam in Tamil Nadu.

* He did his graduation and post-graduation in Botany from Madras University.

* He worked in different capacities in large number of institutions in India and abroad

gained experience  in genetics and plant breeding.

* The School of Cytogenetics and Radiation Research established at the IARI enabled

Swaminathan and his team to develop short duration high yielding varieties of rice
including scented Basmati.

* He is also known for developing of the concept of crop cafeteria, crop scheduling and

genetically improved  the yield and quality.

* He initiated collaboration with N. E. Borlaug, who is the father of  ‘Green Revolution’

throughintroduction mexican varieties wheat in India i.e., Sharbati Sanora from Semi
dwarf   Maxican variety Sanora-64 by using gamma radiation. It was highly recognised
and appreciated.

* M.S. Swaminathan is also the initiator of ‘Lab-to-Land’, food security and several other

environmental programmes.

* M.S. Swaminathan has been honoured with Padma Bhushan and several other prestigious

awards, medals and fellowships by institutions of excellence.

* Plants are the sources of food, medicine and other useful products.

* More than 840 million people in the world do not have adequate food to meet their daily

food and nutritional requirements

* With ever increasing population of the world, enhancement of food production is a major

CH: 9- STRATEGIES FOR ENHANCEMENT IN FOOD PRODUCTION
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necessity.  Biological principles as applied to animal husbandry and plant breeding have
a major role in our efforts to increase food production.

* Several new techniques like embryo transfer technology and tissue culture techiniques

are going to play a pivotal role in further enhancing food production are – M u t a t i o n
breeding, tissue culture and r-DNA technology etc...

PLANT BREEDING:

* Traditional farming inadequate to support the increasing global population because  it
yields a limited biomass, as food for humans and animals.

* Adaption of better management practices and increase in acreage is also inadequate to
support the increasing global population because  they increase yields only to a limited
extent.

* The technology that helped us in increase yields to a very large extent is Plant breeding

* After independence, during 1960’s, the concept helped us in meeting the national
requirements in food production and even to export it was Green revolution.

* In the development of high yielding and disease resistant varieties in wheat, rice, maize,
etc… Green revolution relied to a large extent on  plant breeding techniques

* The purposeful manipulation of plant species in order to create desired plant types that
are better suited for cultivation, give better yields and are disease resistant is Plant breeding

* Conventional plant breeding is an age old technology practiced for thousands of years,
since the beginning of human civilisation with recorded evidence of plant breeding dates
back to 9,000-11,000 years ago.

* The process of bringing wild varieties under human management is called domestication

* Many present day crops are the result of domestication in ancient times and all our major
food crops are derived from domesticated varieties.

* Classical plant breeding involves crossing or hybridisation of pure lines, followed by
artificial selection to produce plants with desirable traits of higher yield, nutrition and
resistance to diseases.

* With advancements in genetics, molecular biology and tissue culture, plant breeding is
now increasingly being carried out by using - molecular genetic tools.

* The desirable traits or characters that would be incorporated by the breeders into crop
plants are - Increased crop yield and improved quality, Increased tolerance to environmental
stresses (salinity, extreme temperatures, drought) , Resistance to pathogens (viruses, fungi
and bacteria) and Increased tolerance to insect pests etc…

* Plant breeding programmes are carried out in a systematic way worldwide in government
institutions and commercial companies.

The main steps in breeding a new genetic variety of a crop are:-

(i) Collection of variability :

Ø The main steps in breeding a new genetic variety of a crop are collection of variability:
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* Genetic variability is the root of any breeding programme.

* In many crops pre-existing genetic variability is available from  wild relatives of the
crop.

* Collection and preservation of all the different wild varieties, species  and relatives of
the cultivated species (followed by their evaluation for their characteistics)

* It is a pre-requisite for effective exploitation of natural genes available in the populations
of all the different wild varieties, species and relatives of the cultivated species is  collection
and preservation of Genetic variability

* The entire collection (of plants/seeds) having all the diverse alleles for all genes in a
given crop is called Germplasm collection.

(ii) Evaluation and selection of parents:

* The germplasm is evaluated so as to identify plants with desirable combination of characters.

* The selected plants are multiplied and used in the process of hybridisation. Purelines are
created wherever desirable and possible.

* The progeny of a single self-pollinated homozygous plant is known as pure line

* The progeny of a single cross-pollinated heterozygous plant produced through self
pollination is inbreed line

* If the plants selected as parents are in heterozygous condition they are made homozygous
throughcontinuous inbreeding for a number of generations.

(iii) Cross hybridisation among the selected parents:

* The method of producing new crop varieties by crossing two genetically different parents
is   Artificial hybridisation

* Incorporation of desirable qualities from various varieties into a single variety is possible
through  Cross hybridisation

* The desired characters have very often to be combined from two differenet plants (parents)

* For example high protein quality of one parent and disease resistance from another parent
can be incorporated into one plant through cross hybridisation.

* Since the pollen grains from the desirable plant chosen as male parent have to be collected
and place on the stigma of the flowers selected as female parent

* The limitations in Cross hybridization  are  This is a very  time consuming and tedious
process

* Inferior success rate(one in few hundred to a thousand crosses)

* Removal of anthers from the flower buds of the bisexual flowers of female parent before
the anther dehiscence is called Emasculation

* In Artificial hybridisation, the undesired self pollination is prevented through Emasculation

* In Artificial hybridisation, the undesired cross pollination is prevented through Bagging

* Method of plant breeding in which there is a control on pollination is Artificial hybridisation.

* Also it is not necessary that the hybrids do combine the desirable characters; usually only
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one in few hundred to a thousand crosses shows the desirable combination.
 (iv) Selection and testing of superior recombinants:

* This step consists of selecting among progeny of the hybrids, those plants that have the
desired character combination

* The selection process is crucial to the success of the breeding objective and requires
careful scientific evaluation of the progeny.

* This step yields plants that are superior to both of the parents (very often more than one
superior progeny plant may become available)

* These are self-pollinated for several generations till they reach a state of uniformity
(homozygosity)

* So that the characters will not segregate in the progeny.

(V) TESTING, RELEASE AND COMMERCIALISATION OF NEW CULTIVARS:

* The newly selected lines are evaluated for their yield and other agronomic traits of quality,

diseaseresistance, etc.

* This evaluation is done by growing these in the research fields and recording their

performance under  ideal fertiliser application irrigation, and other crop management
practices.

* The evaluation in research fields is followed by testing the materials in farmers fields , for

at least three growing seasons at several locations in the country, representing all the
agroclimatic zones where the crop is usually grown.

* Then the material is evaluated in comparison to the best available local crop cultivar – a

check or reference cultivar.

* Then new cultivars with a combination of desirable characters are multiplied and finally

released to the farmer’s for general cultivation
Achievements:

* India is mainly an agricultural country.

* In Agriculture accounts India’s GDP, the agriculture accounts for approximately 33%

* Indian population getting employment from agricultural sector is about 62%

* After India’s independence one of the main challenges facing the country was that of

producing enough food for the increasing population

* As only limited land is fit for cultivation, India has to strive to increase yields per unit area

from existing farm land.

* The mid-1960s, as result of various plant breeding techniques led to dramatic increase in

food prodcution in our country.

* This is phase is often referred to as the Green Revolution.

WHEAT AND RICE:

* During the period 1960 to 2000, wheat production has been boosted from 11 million

tonnes to 75 million tonnes
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* During the period 1960 to 2000, rice production has been boosted from 35 million tonnes

to 89.5 million tonnes.

* During the period 1960 to 2000,The dramatic increase in wheat and rice production in

our country was due to the development of semi-dwarf varieties of wheat and rice.

* The father of Green Revolution – the Nobel laureate Norman E. Borlaug

* The creator of semi-dwarf Mexican wheat varieties ( Sonora 63 & Sonora 64) - Norman

E. Borlaug

* Norman E. Borlaug created semi-dwarf Mexican wheat varieties  while he was working

in -International Centre for Wheat and Maize Improvement in Mexico.

* The father of Green revolution in India – Dr.M. S. Swaminathan

* In 1963, the semi-dwarf high yielding and disease resistant wheat varieties where

introduced all over the wheat-growing belt of India were - Sonalika and Kalyan Sona

* The semi-dwarf rice variety IR-8 was developed at – International Rice Research Institute

(IRRI) , Philippines)

* The semi-dwarf rice variety Taichung Native-1 ( T. N – 1) was developed at Taiwan

* The semi-dwarf rice varieties were derived from IR-8 and Taichung Native-1 and the

derivatives were introduced in 1966.

* The better-yielding semi dwarf varieties developed in India were Jaya and Ratna

* Jaya variety of rice was produced by crossing T. N. 1 variety with T. 141.

SUGAR CANE:

* North Indian sugar cane variety - Saccharum barberi

* Undesirable characters in Saccharum barberi - poor sugar content and yield

* In the production of a hybrid sugarcane variety by crossing Saccharum barberi with

Saccharum officinarum, the superior character considered in Saccharum barberi was –
ability to grow in north India

* The tropical south Indian sugar cane variety - Saccharum officinarum

* Undesirable characters in Saccharum officinarum - unability to grow in north India

* In the production of a hybrid sugarcane variety by crossing Saccharum barberi with

Saccharum officinarum, the superior character considered in Saccharum officinarum
having thicker stems and higher sugar content

* Hybrid sugarcane variety produced by crossing Saccharum barberi with Saccharum

officinarum, exhibited a combination of the desirable qualities like high yield, thick
stems, high sugar and ability to grow in the sugar cane areas of north India.

MILLETS:

* Hybrid maize, jowar and bajra have been successfully developed in India

* Hybrid breeding have led to the development of several high yielding varieties resistant
to water stress.
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Plant Breeding for Disease Resistance:

* A wide range of fungal, bacterial and viral pathogens, affect the yield of cultivated crop

speciesespecially in tropical climates.

* Crop losses can often be significant, upto 20-30% because of pathogen.

* Some time the maximum crop loss because of a pathogen is 100%

* The advantages in breeding and development of cultivars resistant to disease are

* They enhance food production.

* They help us to reduce our dependence on use of fungicides and bacteriocides.

* They help us in reducing environmental pollution

* They help us in reducing the cost of production

* The ability of the host to prevent the pathogen from causing disease is Resistance

* Resistance of the host plant is determined by the genetic constitution of the host plant.

* In plant breeding for disease resistance, the important primary requisite is to know about

the causative organism and the mode of transmission.
Some of the diseases caused by fungi:

* Rusts are usually caused by fungi

Powdery mildew is caused by - Erysihape  (member of class - Ascomycetes)

* Brown rust of wheat is caused by – Puccinia (Member of class – Basidiomycetes)

* Red rot of sugarcane is caused by – Colletotrichum (Member of class-Deuteromycetes)

* White rust of crucifers is caused by – Albugo (Member of class-Phycomycetes)

* Late blight of potato is caused by – Phytophthora  (Member of class-Phycomycetes)

* Black rot of crucifers is caused by - Bacteria

* Tobacco mosaic and turnip mosaic is caused by – viruses

Methods of breeding for disease resistance:

* Breeding is carried out by the conventional breeding techniques (described earlier) or

by mutation breeding

* The conventional method of breeding for disease resistance is - Hybridisation and

Selection.

* The non conventional method of breeding for disease resistance are Mutation breeding

Genetic engineering (r-DNA technology)

* It’s steps are essentially identical to those for breeding for any other agronomic charac-

ters such as high yield.

* The various sequential steps are : screening germplasm for resistance sources, hybrid-

ization of selected parents, selection and evaluation of the hybrids and testing and
release of new varieties..
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CROP VARIETIES BRED BY HYBRIDIZATION AND SELECTION :

Crop

Wheat

Brassica

Cauliflower

Cowpea
Chilli

Okra
(bhindi)

Variety

Himgiri

Pusa swarnim 
(Karanrai)

Pusa shubhra
pusa snowball K - 1

Pusa Komal
Pusa sadabahar

Parbhani Kranti

Family
Poaceae

Barssicaceae

Barssicaceae

Fabaceae
Solanaceae

Malvaceae

Resistance to
Leaf and stripe rust hill bunt

White rust (Albugo)

Black rot and curlblight black
rot

Bacterial blight
Chilly mosaic virus Tobacco
mosaic virus and leaf curl
Yellow Mosaic virus

Ø The resistant genes can be introduced into the high-yielding cultivated varieties from
source plants through - artificial hybridization.

* A bhindi variety (Abelmoschus esculentus) was made resistance to yellow mosaic

virus by transferring a gene from a wild species, a new variety of  A. esculentus called
Parbhani kranti was produced through artificial hybridization.

* Conventional bredding is often constrained by the availabity of limited number of disease

resistance genes that are present and identified in various crop varieties or wild relatives.

 * All the above examples involve sources of resistance genes that are in the same crop
species, which has to be bred for disease resistance, or in a related wild species

* Transfer of resistance genes is achieved by sexual hybridisation between the target and
the  source plant followed by selection.

* Inducing mutations in plants through diverse means and then screening the plant materials

for resistance sometimes leads to desirable genes being identified

* Plants having these desirable characters can then be either multiplied directly or can be

used in breeding

Other breeding methods that are used are selection amongst somaclonal variants and
genetic engineering

* Limitation in Conventional breeding for disease resistance is availability of limited
number of disease resistance genes.

MUTATION  BREEDING:
* Genetic variations are created through changes in the base sequence within genes

resulting in the creation of a new character or trait not found in the parental type is -
Mutations

* It is possible to induce mutations artificially through use of chemicals or radiations

* The source plants for disease resistance genes are -various crop varieties or wild
relatives.

* Substance that induce mutations is – Mutagen

* Physical mutagens are – X-Rays, Alpha -Rays, Beta Rays, Gamma-Rays, and UV-Rays,
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* Chemical mutagens are – Colchicine, Formaldehyde, Ethyl methane sulphonate, Methyl
methane sulphonate, Malic hydrazide etc …

* Induction of mutations and the exploitation of induced mutations in crop improvement is
called as – Mutation Breeding

* Limitations in mutation breeding are
Ø Most of the induced mutations are undesirable
Ø In order to get desirable mutations, a large number of plants are to be tested
* Mung bean was made resistance to yellow mosaic virus and powdery mildew (fungal

disease) through mutation breeding.
PLANT BREEDING FOR DEVELOPING RESISTANCE TO INSECT PESTS:

* One of the major cause for large scale destruction of crop plant and crop produce is
insect and pest infestation.

* Insect resistance in host crop plants may be due to,
• Morphological
• biochemical or
• physiological  characteristics

* Hairy leaved cotton is resistant to Jassids

* Smooth leaved and nectar less cotton varieties do not attract bollworms.

* Hairy leaved wheat is resistant to cereal leaf beetle.

* Solid stemmed wheat is resistant to stem sawfly

* Maize with  high aspartic acid, low nitrogen and sugar content is resistant  to maize stem
borers.

* Sources of resitance genes may be cultivated varieties, germplasm collections of the
crop or wild relatives

* Some released crop varieties bred by hybridisation and selection  for insect pest resis-
tance are

Brassica (rape seed
mustard)
Flat bean

Pusa sem 3
Shoot and Fruit borer

Jassids, aphids andfruit
borer

Okra (Bhindi) Pusa sawani
Pusa A-4

Malvaceae

FabaceaePusa Sem 2

Aphids
Crop Variety Family Resistant to

CruciferaePusa Gaurav

PLANT BREEDING FOR IMPROVED FOOD QUALITY:

* More than 840 million people in the world do not have adequate food to meet their daily
food and nutritional requirements.

* People suffering from ‘hidden hunger’- three billion people

* ‘hidden hunger’ is due to – diet deficient in micronutrient (iron, iodine and zinc) ,
protein and  vitamin(vitamin A) because they cannot afford to buy enough fruits,
vegetables, legumes, fish and meat.

* Hidden hunger • increases the risk for disease
• reduces lifespan
• reduces mental abilities.
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* Aim of breeding crops with higher levels of vitamins, minerals, higher protein and
healthier fats to improve public health is - Biofortification

* Breeding for improved nutritional quality is undertaken with the objectives of improv-
ing

* Protein content and quality
* Oil content and quality
* Vitamin content; and Micronutrient and mineral content.
* Maize hybrids produced in 2000, had -twice the amount of the amino acids, lysine and

tryptophan compared to existing maize hybrids
* Wheat variety with high protein content used as a donor for improving cultivated wheat

is-Atlas 66
* Iron-fortified rice variety produced  - contains over five times as much iron as in

commonly consumed varieties
* Several vegetable crops that are rich in vitamins and minerals are produced and re-

leased for general cultivation by - The Indian Agricultural Research Institute, New
Delhi

* The vitamin A enriched varieties of vegetable crops released for general cultivation by
IARI are - carrots, spinach, pumpkin;

* The vitamin C enriched varieties of vegetable crops released for general cultivation by
IARI are -  bitter gourd, bathua, mustard, tomato etc..

* The iron and calcium enriched varieties of vegetable crops released for general cultiva-
tion by IARI are - spinach and bathua

* Bathua varieties released for general cultivation by IARI are enriched by  vitamin C,
iron and calcium

* Spinach varieties released for general cultivation by IARI are enriched by vitamin A,
iron and calcium

* The protein enriched varieties of vegetable crops (Pulse crops) released for general
cultivation by  IARI are – broad bean, lablab, French bean and garden peas.

SINGLE CELL PROTEIN (SCP) :
* The conventional sources of plant proteins are - cereals, pulses, vegetables, fruits, etc.,
* The conventional sources of animal proteins are – Meat, fish, egg, milk and cheese etc.
* The demand for food grains  is due to an increase in human and animal population
* The shift from grain to meat diets also creates more demand for cereals.
* The amount of cereal grain consumed for production of 1 Kg of meat by animal farming

is 3-10 Kg
* The human population suffering from hunger and malnutrition is - More than 25 per cent
* One of the alternate sources of proteins for animal and human nutrition is – Single Cell

Protein (SCP) .
* Microbes are being grown an industrial scale as source of good protein.
* The advantages in the use of microbes as protein producers are,  they can be easily

grown on waste materials
* By recycling the wastes during their growth, they reduces environmental pollution.

* They can produce a huge amount of protein within a short period of time and small

space

* They can serve as food rich in protein, minerals, fats, carbohydrate and Vitamins
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* They can be genetically modified easily

* Microbes like Spirulina can (blue green algae) be grown easily on materials like -

waste water from potato processing plants (containing starch) , straw, molasses, animal
manure and even sewage

* The advantages in the cultivation of Spirulina are

• It produce large quantities proteins
• It can serve as food rich in protein, minerals, fats, carbohydrate and Vitamins.
• It can be grown on waste materials
• It cultivation reduces the environmental pollution

* The amount of protein produced by 250 Kg cow is - 200 g of protein per day.
* Certain bacterial species like Methylophilus methylotrophus, because of its high rate

of biomass production and growth, can be expected to produce 25 tonnes of protein.
* The fact that mushrooms are eaten by many people and large scale mushroom culture is

a growing industry makes it believable that microbes too would become acceptable as
food.

* Algal SCP’s: Spirulina maxima, Chlorella pyrenoidosa, Scenedesmus acutus
* Fungal SCP’s: Candida utilis (Torula yeast) , Saccharomyces cerevisiae (Bakers yeast)

Chaetomium cellulolyticum
* Bacterial SCP’s: Brevibacterium ketoglutamicum, Methylophilus methylotrophus
TISSUE CULTURE:
* As traditional breeding techinques failed to keep pace with demand and to provide

sufficiently fast and efficient systems for crop improvement another technology called
tissue culture

* A fast and efficient system for crop improvement is - tissue culture

* The technique of growing, culturing and maintaining plant cells, tissues and organs in
vitro(in a test tube, under sterile conditions in special nutrient media.) is known as –
Tissue culture

* Tissue culture was learnt by scientists, during 1950s,

* Any part of a plant taken out and grown in a test tube, under sterile conditions in special
nutrientmedia is called - explant

* The capacity of the plant cell/explants  to grow, to divide, and to generate a whole plant
under controlled conditions is called -Totipotency.

PREPARATION OF NUTRIENT CULTURE MEDIUM:
* A mixture of various essential nutrients containing all the required macro and micronu-

trients, aminoacids, vitamins and carbohydrates used in tissue culture experiment is -
Nutrient Culture medium

* The most common type of carbon source used in the nutrient medium is - sucrose
* The nutrient medium is prepared by utilizing sucrose as carbon source and inorganic

salts, vitamins, amino acids and growth regulators like auxins, cytokinins etc.

* The solidifying agent used in the nutrient medium is – Agar Agar

* Agar Agar is produced by employing a sea weed –(Red alga a member of
Rhodophyceae)

* Agar Agar is produced by employing Gelidium and Gracilaria
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* Coconut milk is used in the preparation of nutrient medium because it is rich in-cytoki-
nins

* Final pH of the nutrient medium used in tissue culture is adjusted between 5.6 to 6.0
(acidic)

* The most popular medium used in tissue culture is - Murashige and Skoog medium (MS
Medium)

* The nutrient medium having no growth regulators is called Basal Medium or Minimal
medium (made up of only nutrients)

* The medium used for germinating seeds, for developing aseptic seedlings for the
production of simple callus cultures is - Basal Medium

* The basal medium is made complete by suplimenting it with - Growth regulators like
Auxins (NAA, 2, 4 - D) cytokinins (Kinetin, Benzylamine)

* The culture tubes are pluged with non absorbant cotton to allow the exchange of gases
like carbon dioxide and oxygen

STERILIZATION OF THE NUTRIENT MEDIUM:

* The nutrient medium is made free from microorganisms through – Sterilization

* The steam sterilizer used to sterilize the nutrient medium is – Autoclave

* The conditions maintained in the autoclave during the sterilization of nutrient medium

are – 1210C temperature, 15 pounds pressure for 15 minutes
PREPARATION OF EXPLANT:

* The most common type of plant tissue selected as an explant is -Parenchyma

* Any living plant tissue used as inoculum to grow into full - fledged plant or organs in

vitro is called - Explant

* Explant is made free from microbes through - surface sterilization

* Soft plant material like parenchyma selected as an explant is surface sterilised by using

a solution of disinfectant like - Sodium hypochlorite

* Hard plant material like seed selected as an explant is surface sterilised by using a

solution of disinfectant like - 0.1% Mercuric chloride
INOCULATION OF EXPLANT:

* Inoculation of explant is carried out in the - Laminar air flow chamber (maintains an

aseptic environment)
Incubation:

* Time taken by the explant to produce callus is - Incubation period  (3 to 4 Weeks)

* The proliferating undifferentiated mass of cells formed on nutrient medium as a result

of incubation is - Callus

* Organogenesis in callus is induced by - a combination of cytokinins and auxins

* Formation of roots from callus is called - Rhizogenesis

* Condition that induces rhizogenesis in callus is - Higher auxin to cytokinin ratio
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* Formation of shoots from callus is called - caulogenesis

* Condition that induces the caulogenesis in callus is - Higher cytokinins to auxin ratio

* Rhizogenesis + Caulogenesis = Organogenesis

* Phytohormone induces the organogenesis is - Cytokinin in the presence of auxins

* Embryo like structures formed from callus on incubation are - Embryoids or somatic

embryos

* Formation of embryoids from callus is called - Somatic embryogenesis

* Somatic embryos resumble the sexual embryos in almost all characters except - Origin

* Somatic embryos encapsulated by sodium alginate are called - Artificial seeds or

synthetic seeds
APPLICATIONS OF PLANT TISSUE CULTURE:
* Production of a large number of plants within a short time and space through tissue

culture is called micropropagation.
* Many important food plants like tomato, banana, apple, etc., have been produced on

commercial scale using this method.
* In the progeny of tissue culture each of the plants will be genetically identical to the

original plant hence they are called somaclones.
* The variations among somaclones are somaclonal variations which are used for crop

improvement
* Virus free plants can be produced from a virus infected plant through - shoot tip culture

(in a virus infected plant the apical meristems and axillary meristems are found free
from virus)

SOMATIC HYBRIDIZATION:
* Scientists have even isolated single cells from plants and after digesting their cell walls

have been able to isolate naked protoplasts (surrounded by plasma membranes) .

* The physical barriers for somatic hybridization are - Cell walls

* Enzymes used to digest the physical barriers for somatic hybridization are - Cellulase

and Pectinase (Hydrolases)

* According to IUB system of classification, Enzymes used to digest the physical barriers

for somatic hybridization are the members of - III class (Hydrolases)
* Isolated protoplasts from two different varieties of plants -each having a desirable

character can be fused to get hybrid protoplasts.
* Which can be further grown to form a new plant. These hybrids are called somatic

hybrids while the process is called somatic hybridisation  (also called as parasexual
hybridization)

* The protoplasts of the two plants are brought in contact and made to fuse by means of

electrofusion  or chemicals like polyethylene glycol (PEG) and sodium nitrate.
* The fusion of protoplasts not only involves the fusion of their protoplasm but also their

nuclei.  The fused protoplasts are allowed to grow on culture medium.
* Imagine is a situation when a protoplast of tomato is fused with that of potato, and then
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they are grown- to form new hybrid plants combining tomato and potato characteristics.
* Well this has been achieved -resulting in formation of pomato
* Unfortunately this plant did not have all the desired combination of characteristics for

its commercial utilisation.

Vacuale

Cellulase 
and Pectinase

Cell wall
(a) ProtoplastPlant cell

PEG
Parent A

Protoplast
Parent B 

Protoplast

Cell fusion

Nuclear fusion

Somatic hybrid cell
(b)

Nucleus
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QUESTION BANK - I

Plant Breeding :
1. The pre-requisite for effective exploitation

of natural genes available in the populations
is
1) Collection and preservation of germplasm
2) Cross hybridization of selected parents
3) Testing the superior cultivars in farmers
field
4) Commercialisation of of crop varieties

2. The Heterozygotes are made homozygotes
through
1) Continuous out breeding
2) Continuous inbreeding
3) Continuous mutations
4) Random mutations

3. During artificial hybridization the undesired
self pollination is prevented through
1) Bagging 2) Re-bagging
3) Emasculation 4) Tagging

4. Rate of success in artificial hybridization is
1) only one in few hundred to a thousand
crosses
2) only hundred  in few hundred to a
thousand crosses
3) only thousand  in few thousands to a
million crosses
4) none

5. New cultivars selected from research fields
is followed are tested  in farmers’ fields,
for at least
1) One growing seasons
2) Two growing seasons
3) Three growing seasons
4) Four growing seasons

6. During the period 1960 to 2000, wheat
production increased from
1) 11 million tones to 75 million tonnes
2) 35 million tonnes to 89.5 million tonnes.
3) 350 million tonnes to 899.5 million tonnes.
4) 110 million tonnes to 750 million tonnes.

7. During the period 1960 to 2000, rice

production increased from
1) 11 million tones to 75 million tonnes

2) 35 million tonnes to 89.5 million tonnes.

3) 350 million tonnes to 899.5 million tonnes.

4) 110 million tonnes to 750 million tonnes.

8. The wheat varieties are

1)  Sonalika and Kalyan Sona

2) Jaya and Ratna

3) IR-8 and Taichung Native-1

4) Pusa Komal and Pusa swarnim

9. The semi dwarf rice varieties are

1)  Sonalika and Kalyan Sona

2) Jaya and Ratna

3) Pusa sawani and Pusa sem 2

4) Pusa Komal and Pusa swarnim

10. Saccharum barberi was originally grown in

1) Northern India 2) Eastern  India

3) Western India 4) Southern India

11. Saccharum officinarum, the tropical cane
is grown in

1) Northern India 2) Eastern India

3) Western India 4) Southern India

12. In case of Millets, Hybrid breeding have led
to the development of several high yielding
varieties specifically resistant to

1) Insects 2) Drought

3) Pests 4) Nematodes

13. The constraint of plant breeding is:

(1) availability of desirable gene in the crop
and its wild relatives

(2) infrastructure

(3) trained manpower

(4) transfer of genes from unrelated sources.

14. A collection of all the alleles of all the genes
of a crop plant is called:

(1) germplasm collection

(2) protoplasm collection

(3) herbarium

(4) somaclonal collection

15. 33 percent of India’s (Gross Domestic
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Product) comes from

(1) Industry (2) Agriculture

(3) Export

(4) Small-scale cottage industries.

16. Several South Indian states raise 2-3
crops of rice annually. The agronomic
feature that makes this possible is because
of

(1) shorter rice plant

(2) better irrigation facilities

(3) early yielding rice variety

(4) disease resistant rice variety.

17. One of the following is root of any breeding
programme

(1) Hybridisation (2) Selection
(3) Mutation (4)Genetic variability

18. Collection of plants, their seeds and all
diverse alleles of all genes is called

(1) Genetic erosion (2) Gene pool
(3) Germplasm collection (4)
Genetic drift

19. What are the main objectives of plant
breeding

(1) More yield (2) Better quality

(3) Stress resistance (4) All of the above

20. Indian agriculture contribute about
_______ % of GDP

(1) 33%     (2) 90%     (3) 62%   (4) 5%

21. How many percent of the population of
India get employees by agriculture

(1) 82        (2) 62 (3) 17 (4) 92

22. The Nobel Laureate, who developed semi-
dwarf wheat varieties in Mexico was

(1) Norman E. Borlaug (2) Herbert
Boyer (3) William Harvey
(4) Typhoid Mary

23. Nobel laureate Norman E. Borlaug devel-
oped semi dwarf variety of

(1) Wheat (2) Sugarcane

(3) Mustered (4) Chilli

24. Dwarf wheat was developed by firstly :
(1) M.S.Swaminathan (2) Vavilov

(3) Borlaug (4) B.D. Singh

25. International Rice Research Institute
(IRRI) is located at :
(1) Hyderabad (India)
(2) Manila (Philippines)
(3) New York (U.S.A.)
(4) Tokyo (Japan)

26. Jaya and Ratna are the semi-dwarf variet-
ies of
(1) Wheat
(2) Rice
(3) Cowpea
(4) Mustard

27. Improved rice variety IR-8 has been
introduced  in India from
(1) Taiwan (2) Japan
(3) Phillippines (4) Bangladesh.

28. Scented basmati rice is the contribution of
(1) Dr. Borlaug (2) Dr. B.P. Paul
(3) Dr. M. S. Swaminathan
 (4) Dr. A.K. Singh

29. Classical plant breeding is based on
(1) Hybridisation of pure lines only
(2) Hybridisation of pure lines followed
by artificial selection
(3) Artificial selection only
(4) None of the above

30. You are a plant breeder. Which trait or
character that you have firstly tried to
incorporate into crop plants
(1) Increase crop yield and improved
quality (2) Increase toler-
ance to environmental stresses
(3) Increase resistance to pathogens
(4) Increase tolerance to insect pests

31. Best method to preserve the wild relatives
of plants:
(1) By growing them in natural habitats
(2) Gene library
(3) By storing seeds (4) Cryopreservation

32. If a breeder has to evolve a disease resis-
tant     strain, what step will be taken first:

(1) Hybridisation
(2) Selection of parents
(3) Working out the yield
(4) Looking for the subject in the library

33. Which plant breeding step is very tedious
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and time consuming
(1) Selection and testing of superior
recombinants
(2) Cross hybridisation among the selected
parents
(3) Collection of variability
(4) Evaluation and selection of parents

34. Which tropical canes grown in south india
had thicker stems and high sugar content
but did not grow well in north India.
(1) Saccharum barberi

(2) Saccharum spontaneum

(3) Saccharum robustum

(4) Saccharum officinarum

35. Which of the following are crossed to give
sugarcane varieties with high sugar, high
yield, thick stems and ability to grow in the
sugarcane belt of North  India.
(1) Saccharum robustum and

saccharum officinarum

(2) Saccharum barberi and Saccharum
officinarum

(3) Saccharum sinense and Saccharum
officinarum

(4) Saccharum barberi and Saccharum
robustum

36. Which is the oldest method for crop im-
provement?

(1) Hybridization (2) Selection

(3) Mutation breeding (4)
Introduction

37. Selection is the method of :

(1) Plant physiology (2) plant breed-
ing

(3) Genetics (4) Cytology

38. Wild relatives for crop plants must be
conserved for

(1) Developing future crops

(2) Improvement of varieties

(3) Evolution

(4) Feeding wild animals

39. Norman E Borlaug is associated with

(1) White revolution (2) Green revolution

(3) Blue revolution (4) Yellow revolution
40. Desired improved varieties of economically

useful crops are raised by
(1) Hybridization (2) Natural selection
(3) Mutation (4) Bifertilizers

41. The use of colchicine is involved in the
production of
(1) Somaclonal variation
(2) Haploids
(3) Polyploids
(4) Hybrids

42. The most convenient way to maintain plant
germplasm is
(1) Tissue culture
(2) By developing new varieties
(3) By storing seeds
(4) To treat plants at a low temperature

43. The cryopreservation of germplasm is
carried out  at

(1) 050 C (2) 0-196  C

(3) 0-273  C (4) 00  C
44. Who among the following is known as

father of Green revolution in India?
(1) Norman Borlaug (2) M. S.
Swaminathan
(3) K. Ramiah (4) Albert Howard

45. Green revolution in India was possible due
to
(1) Better irrigation, fertilizers and pesti-
cide  facilities
(2) Exploitation of high yielding varieties
(3) Intensive cultivation
(4) All of the above

46. Which of the following methods of breed-
ing increases the chance of homozygosity?
(1) inbreeding (2) out breeding
(3) out crossing (4) cross breeding

47. Crosses between two plants by the same
variety are called
(1) Interspecific (2) Intervarietal
(3) Intravarietal (4) Intergeneric

48. Green revolution refers to
(1) Maintaining soil fertility
(2) Use of green plants for covering the
earth
(3) Development of new crop varieties,
which helped to overcome hunger
(4) Growing green plants to establish
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balance of nature
49. What is a gene library?

(1) Information stored for DNA sequence
(2) DNA fragments in agarose gel
(3) Photographs of DNA fragments
(4) DNA fragments of a genome main-
tained by cloning in culture cells

50. There has been an emphasis on the conser-
vation of wild relatives of cultivated plants
because wild plants
(1) Are needed to understand the orgin of
cultivated plants
(2) Serve as valuable fodder plants
(3) Carry many useful genes that are lost in
cultivated plants
(4) Grow better than cultivated plants

51. India’s wheat yield revolution of 1960’s
was possible primarily due to
(1) Hybrid seeds
(2) Mutations resulting in plant height
reduction
(3) Increased chlorophyll content
(4) Quantitative trait mutation

52. The conventional method of breeding for
disease resistance is
1) hybridisation and selection.
2) Mutation Breeding
3) Selection among somaclones
4) r - DNA technology

53. Pusa swarnim is resistant to
1) Phytophthora 2) Albugo
3) Colletotrichum 4) Xanthomonas

54. Edible part of Pusa Sadabahar
1) Berry 2) Nut
3) Caryopsis 4) Capsule

55. A non cruciferae variety is
1) Karan rai 2) Pusa shubhra
3) Pusa Komal 4) Pusa Gaurav

56. Parbhani kranti is a variety of
1) Arachis 2) Abelmoschus
3) Apple 4) Allium

57.  Pusa Komal variety of plant is  a member
of 1) Malvaceae 2) Fabaceae
3) Brassicaceae 4) Poaceae

58. Fungicides and antibiotics are chemicals that:

(1) enhance yield and disease resistance

(2) kill pathogenic fungi and
bacteria,respectively

(3) kill all pathogenic microbes

(4) kill pathogenic bacteria and fungi
respectively.

59. Use of certain chemicals and radiation to
change the base sequences of genes of crop
plants is termed:

1) recombinant DNA technology

2) transgenic mechanism

3) mutation breeding

4) gene therapy.

60. Which one of the following disease is
caused by bacteria?
1) Tobacco mosaic
2) Black rot of crucifers
3) Red rot of sugarcane
4) Late blight of potato

61. Which one of the following disease is not
caused by fungi?
1) Red rot of sugarcane
2) Black rot of crucifers
3) Brown rust of wheat
4) Late blight of potato

62.  “Pusa Komal” variety of cow pea, which
developed by hybridisation and selection
is mainly resistance for
1) Powdery mildew 2) Yellow mosaic
virus
3) Bacterial blight 4) White rust

63. Parbhani Kranti, a resistance variety to
yellow mosaic virus is a-
1) Wheat 2) Bhindi
3) Rice 4) Chilli

64. Himgiri, a wheat variety developed by
hybridisation is resistant to
1) Brown rust 2) White rust
3) Black rust 4) Leaf and striperust

65. Which of the following is the conventional
method of plant breeding for disease
resistance?
1) polyploidy 2) genetic engineering
3) hybridisation 4) mutation breeding

66. Which of the following category of plant
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diseases cannot be controlled by chemical
treatment ?
1) Viral diseases
2) Bacterial diseases
3) Fungal diseases
4) Both 1 and 2

67. Disease resistance is obtained through
1) Colchicine treatment
2) Crossing with wild relatives
3) X - ray treatment
4) Hormone treatment

68. Which of the following is the consequence
of plant diseases?
1) Reduced yield and lower quality of
produce
2) Reduced yield, Lower quality of  pro-
duce and increased cost of production
3) Reduced yield and lower quality of
produce and poisonous produce
4) Reduced yield, Lower quality of pro-
duce, increased cost of production and
poisonous produce

69. Among the following is an example of
mutation breeding-
1) Pusa Swarnim, resistant to white rust
2) Mung bean, resistant to yellow mosaic
virus
3) Pusa sadabahar, resistant to chilli
mosaic virus
4) Pusa Gaurav, resistant to aphids

70. In which crop resistance to yellow mosaic
virus were induced by mutation
(1) Mung bean (2) Cow pea
(3) Wheat (4) Brassica

71. Select the incorrect statement w.r.t. plant
breeding
1) In many crops pre-existing genetic
variability is available from wild relatives
of the crop.
2) Progeny plants with superior characters
or self-pollinated for several generations
till they reach a state of heterozygosity
3) Hybrid breeding have led to develop-
ment of several high yielding varieties
resistant to water stress.
4) Conventional method of breeding of
disease resistance includes hybridization

and selection
PLANT BREEDING FOR DEVELOPING RESIS-
TANCE TO INSECT PESTS

72. Pusa A-4 is resistant to
1) Aphids 2) Jassids
3) Fruit borers 4) None

73. Hairy leaved cotton is resistant to
1) Bollworms 2) Sawfly
3) Jassids 4) Stem borer

74. Smooth leaved and nectar less cotton
varieties do not attract which one of
following pests
1) Aphids 2) Jassids
3) Boll worms 4) Shoot borer

75. Hairy leaves of many plants are associated
with
1) Resistance to insect pests
2) Resistance to viruses
3) Resistance to fungi
4) Resistance to bacteria

76. Present day maize developed is resistance
to stem borers due to
1) Low sugar content
2) Low nitrogen content
3) High aspartic acid
4) More than two

77. Resistance to jassids in cotton plants and
to  cereal leaf beetle in wheat plants is due
to
1) Biochemical characters
2) Physiological characters
3) Morphological characters
4) None of the above

78. Concept helps to overcome “ Hidden hunger”
is
1) Bio-remediation
2) Bio-fortification
3) Bio-control
4) Bio-fertilizers

79. Several vegetable crops that are rich in
vitamins and minerals were released by
1) IARI 2) BSI
3) IRRI 4) CIMAP

80. The vitamin A enriched varieties released
by IARI
1) carrots, spinach, pumpkin
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2) bitter gourd,bathua, mustard, tomato
3) spinach and bathua
4) broad bean, lablab, French and garden
peas

81. The vitamin C enriched varieties released
by IARI
1) carrots, spinach, pumpkin
2) bitter gourd,bathua, mustard, tomato
3) spinach and bathua
4) broad bean, lablab, French and garden
peas

82. The Iron and calcium enriched varieties
released by IARI
1) carrots, spinach, pumpkin
2) bitter gourd,bathua, mustard, tomato
3) spinach and bathua
4) broad bean, lablab, French and garden
peas

83. The protein enriched varieties released by
IARI
1) carrots, spinach, pumpkin
2) bitter gourd,bathua, mustard, tomato
3) spinach and bathua
4) broad bean, lablab, French and garden
peas

84. Lysine and tryptophan are:

1) proteins

2) non-essential amino acids

3) essential amino acids

4) aromatic and no acids.

85. Richest Source of protein amongst the
following is
1) Wheat 2) Maize
3) Ground nut 4) Rice

86. IARI, New Delhi has released several
vegetables crops that are rich in
1) Vitamin 2) Hormone
3) Minerals 4) 1 & 3 both

87. Golden rice is rich in
1) Vitamin C 2) Beta - carotene
3) Fats 4) Iron

88.  Atlas 66, which has been used as a donor
for improving cultivated wheat, is rich in
1) Iron 2) Carbohydrate
3) Proteins 4) Vitamins

89. Amino acids present in improved varieties

of maize are
1) methionine and alanine
2) alanine and cysteine
3) methionine and cysteine
4) Lysine and tryptophan

90. Biofortification refers the development of
crop plants-
1) Resistant to disease
2) Resistant to insect pests
3) Having improved nutritional quality
4) Having improved iron content

91. The objectives of breeding improved
nutritional  quality of crops are to increase
(1) Protein content and quality only
(2) Oil/fat content and quality only
(3) Vitamin content and mineral nutrients
(4) All of the above

92. Which one is correct about Atlas 66?
(1) It has high protein content
(2) It has been used as a donor for improv-
ing cultivated wheat
(3) Both (a) and (b) (4) None

Single Cell Proteins:
93. By animal farming, for the production of 1

Kg of meat, as it takes

1) 3-10 Kg of grain 2) 1-2 Kg of grain
3) 10-30 Kg of grain 4) 10-20 Kg of grain

94.  An Eukaryote used as food by astronauts
1) Chlorella 2) Spirulina
3) Saccharomyces 4) Chaetomium

95. A Prokaryotic SCP with high rate of biomass
production

1) Chlorella 2) Methylophilus

3) Saccharomyces 4) Chaetomium

96. 250 kg cow produces how much amount of
protein in a day
(1) 200 gm (2) 20 gm
(3) 2 gm (4) 2000gm

97. SCP can be obtained from
(1) Bacteria (2) Algae
(3) Fungi (4) All of these

98. The most common sources of prokaryotic
single cell protein are
(1) yeasts (2) bacteria
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(3) other fungi (4) All of these
99. What is meant by single cell protein?

1) Protein synthesised by skin cell.
2) Unique protein synthesiszed by liver
cell
3) Protein synthesized by microorganisms
4) Unique protein synthesized by plant
body

100. Prokaryotes considered as source of SCP
are
1) Rhizobium 2) Spirillum
3) Streptococcus 4) Spirulina

Tissue culture:

101.  Any part of a plant taken out and grown in a
test tube is called

1) Plantlet 2) Callus

3) Explant 4) Embryoid

102. This capacity of any cell/explant to generate
a whole plant from it is called

1) Superiority 2) Heterosis

3) Hybrid vigour 4) Totipotency

103. The combination of plant growth regulators
induce organogenesis in callus is

1) Auxins and ABA  2) Cytokinins and
Ethylene

3) Auxins and cytokinins 4) ABA and
Ethylene

104. Production of a large number of plants in
very short durations through in- vitro culture
is called

1) Megapropagation

2) Mass Production

3) Micropropagation

4) Multiple Budding
105. Somaclones are produced through

1) Clonal selection 2) Mass selection
3) Pure line selection 4) Tissue culture

106. Recovery of healthy plants from diseased
plants is possible through
1) Pollen culture 2) Meristem culture

3) Ovary culture 4) Anther culture
107. The physical barriers for somatic

hybridization are
1) Cell membranes 2) Cell walls

3) Plasma membranes 4) Nuclei

108. Enzymes used to remove the physical
barriers of somatic hybridization are
1) Cellulase and pectinase
2) Chitinase and cellulose
3) Amylase and pectinase
4) Protease and pectinase

109. Pomato is the product of
1) Interspecific hybridization
2) Intraspecific hybridization
3) Intrageneric hybridization
4) Somatic hybridization

110.The term ‘totipotency’ refers to the capacity
of a:

(1) cell to generate whole plant

(2) bud to generate whole plant

(3) seed to germinate

(4) cell to enlarge in size.

111.  An explant is:

(1) dead plant

(2) part of the plant

(3) part of the plant used in tissue culture

(4) part of the plant that expresses a specific
gene.

112. Micro-propagation is:

(1) propagation of microbes in vitro

(2) propagation of plants in vitro

(3) propagation of cells in vitro

(4) growing plants on smaller scale.

113. In case of plants like papaya, cultivation of
plants with known sex is possible through

(1) Seeds (2) Tissue culture

(3) Grafting (4) None

114. In virus-infected plants the meristematic
tissues in both apical and axillary buds are
free of virus because:

(1) the dividing cells are virus resistant

(2) meristems have anti viral compounds

(3) the cell division of meristems are
faster than the rate of viral multiplication

(4) Viruses cannot multiply within
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meristem cell (s) .

115.  Protoplast is:

(1) another name for protoplasm

(2) an animal cell

(3) a plant cell without a cell wall

(4) a plant cell.

116. To isolate protoplast, one needs:

(1) pectinase

(2) cellulase

(3) both pectinase and cellulase

(4) chitinase.

117. Variations appearing in tissue culture are

(1) Somaclonal variations

(2) Clonal variations

(3) Somatic variations

(4) Tissue culture variation

118. Virus free plants from a virus infected
plant can be obtained through

(1) Root tip culture (2) Shoot tip culture

(3) Callus culture (4) Suspension
culture

119. Protoplast fusion perform :–

(1) Rapid growth of offspring

(2) Somatic hybridization

(3) Production of useful allopolyploid

(4) (2) & (3) both

120. Which one of the following is an example
of somatic hybridisation

(1) Bt cotton (2) Pomato

(3) Golden rice (4) All of these

121. Tissue culture is beneficial for :-

(1) Micropropagation

(2) Production of disease free plants

(3) Androgenic haploid

(4) All the above

122. Virus free plant can be obtained through:

(1) Grafting (2) Callus culture

(3) Shoot tip culture (4) Suspesion culture

123. The technique of raising large number of
plantlets through tissue culture is

(1) Plantlet culture (2)
Micropropagation

(3) Macropropagation (4) Organ culture

124.The enzymes required to obtain protoplast
from a plant cell involves

(1) Cellulase (2) Chitinase

(3) Pectinase (4) Both (1) and (3)

125. Embryo culture is employed in

(1) Clonal propagation

(2) Induction of somaclonal variations

(3) Overcoming hybridization barriers

(4) Developing virus free plants

126.A hybrid where cytoplsam of two parent
cells are fused by retaining only one
parental nucleus is called
(1) Cybrid (2) Interbreed
(3) Asymmetric somatic hybrid
(4) Symmetric somatic hybrid

127.Shoot tip culture are preferred for inter
national  exchange of germplasm because
:-
(1) They are more stable
(2) They are easier to regenerate
(3) They produce virus free clone
(4) All the three statements are correct

128.Somaclonal variations appears in –
(1) Organism produced through somatic
hybridization
(2) Plants growing in highly polluted
conditions
(3) Apomictic plants
(4) Tissue culture raised plants

129. Embryoid is –
(1) Non zygotic embryo
(2) Non functional embryo
(3) Zygotic embryo
(4) New variety or embryo

130. The term explant refers-
(1) A plant part used for tissue culture
(2) An unorganised mass of cells
(3) A complete hybrid plant
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(4) A waste part of a plant
131.Meaning of totipotency is

(1) Capacity to generate genetically identi-
cal plants
(2) Capacity to generate a whole plant
from any plant cell/explant
(3) Capacity to generate hybrid protoplasts
(4) Recovery of healthy plants from dis-
eased plants

132.Which among  the following will be used
 as an explant to generate a disease free
plant?
(1) Anther (2) Ovary cell
(3) Shoot tip (4) Young embryo

133. Callus can form shoot or root by changing
ratio of
(1) Auxin to gibberellin (2) Auxin to
cytokinin
(3) Cytokinin to ethylene
(4) Gibberellin to cytokinin

134. Shoot develops in tissue culture when
there is
(1) High gibberellin to cytokinin ratio
(2) High gibberellin to auxin
(3) High auxin to cytokinin ratio
(4) High cytokinin to auxin ratio

135.The term Somaclones refer-
(1) Somatic hybrids
(2) Genetically identical to the original
plant
(3) Used to recover disease free plants
(4) Sterile plants

136. Breeding of crops with high levels of
minerals vitamins and proteins is called :
(1) Biomagnification (2)
Micropropagation (3) Somatic
hybridisation (4) Biofortification

137.Choose the correct option w.r.t tissue
culture
1) The whole plant can be regenerated
from explant
2) Only apical meristem part of plant can
grow in test tube under sterile conditions.
3) It is not related to totipotency
4) Sterilization is not a pre-requisite.

138.Culturing meristem of banana, sugarcane
and potato is primarily significant to
produce

1) Somatic hybrids
2) Viral susceptable plants
3) Commerical production of meristematic
tissue
4) Hybrid vigour

139.Select correct statement (w.r.t somaclones)
1) Somaclones of tomato and banana have
been produced on commercial scale
2) They are genetically not identical
3) they are produced by sexual reproduc-
tion
4) Can be generated in field.

140.Select the incorrect option (w.r.t tissue
culture)
1) Genetically identical  - Somaclones
2) Capacity to generate a whole plant -
Totipotency
3) Plant cell without cell wall - Protoplast
4) Virus free part of plant - Flower

141.Somatic hybridisation is accomplished by
1) Grafting between two varieties
2) Fusion of two protoplast of different
varieties of plants
3) Chromosome doubling in androgenic
culture
4) Recombinant DNA technology

142.Protoplasts of two different cells can be
made to fuse with the help of
1) Polyethylene glycol (PEG)
2) Calcium chloride
3) Sodium bicarbonate 4) HCl

143.Pomato is an example of
1) Parasexual hybrid 2) Intraspecific
hybrid
3) Sexual hybrid 4) Intravarietial
hybrid

144.Somaclonal variations are
1) caused by gamma rays
2) produced during sexual reproduction
3) produced by using chemical mutagens
4) produced during tissue culture

QUESTION BANK - II

Plant Breeding (Introduction) :
1. The main steps of plant breeding
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programmes is given below
(A) Cross hybridisation among the selected
parents
(B) Testing release and commericialisation
of new cultivars
(C) Collection of variability
(D) Selection and testing of superior
recombinants
(E) Evalution and selection of parents
Arrange above steps in a systematic way
(1) E; C; A; B; D (2) C; E; A; B; D
(3) C; E; A; D; B (4) E; C; A; D; B

2. Find the incorrect statements regarding
plant  breeding-
(1) It reduces the dependence on fungi-
cides and bactericides
(2) It provides somaclonal variation
(3) It is independent of germplasm
collection
(4) It involves self-pollination of plants.

3. Match the following
Column-I       Column-II
(A) Brown rust of wheat (i) Virus
(B) Tobacco mosaic (ii) Albugo
(C) White rust of crucifer(iii) Puccinia
(D) Red rot of sugarcane   (iv) Colletotric-

      hum
(1) A-(ii) , B-(i) , C-(iii) , D-(iv)

(2) A-(iv) , B-(iii) , C-(ii) , D-(i)
(3) A-(iii) , B-(ii) , C-(i) , D-(iv)
(4) A-(iii) , B-(i) , C-(ii) , D-(iv)

4. Find the incorrectly matched

      

Causal
organism

Fungi
Virus
Fungi

BacteriaBlack rot of crucifers

Red rot of sugarcane
Late blight of Potato
Brown rust of wheat

Disease

1

2
3
4

5. Which of the following crop is correctly
matched in its resistance to a disease?

  

Resistance to disease

Chilli mosaic virus
Tobacco mosaic virus

White rust
Bacterial blight Pusa Komal

Pus Shubhra
Pusa Swarnim

Pusa Sadabahar

Variety

1
2
3
4

6. Match Column -I with column -II  and
select the correct option from the codes
given below:
Column-I Column-II
(A) Cowpea (i) Himgiri
(B) Wheat (ii) Pusa komal
(C) Chilli (iii) Pusasadabahar
(D) Brassica (iv) .Pusa swarnim
(1) A-(iv) , B-(ii) , C-(iii) , D-(i)
(2) A-(ii) , B-(i) , C-(iii) , D-(iv)
(3) A-(ii) , B-(iv) , C-(i) , D-(iii)
(4) A-(i) , B-(iii) , C-(iv) , D-(ii)

7. Go through the following statement regard-
ing nectar-less cotton varieties and choose
correct one-
(1) They do not attract stem sawfly
(2) They are produced by mutation breed-
ing
(3) They do not attract bollworms
(4) They attract cereal leaf beetle

8. Match Column -I with column -II and
select the correct option from the codes
given below:
Column-I Column-II
(A)Flat bean (i) Pusa Gaurav
(B) Okra (ii) Pusa sem-2
(C) .Brassica (iii) Pusa Sawani
(1) A-(ii) , B-(i) , C-(iii)
(2) A-(ii) , B-(iii) , C-(i)
(3) A-(iii) , B-(ii) , C-(i)
(4) A-(i) ,B-(iii) , C-(ii)

9. Which one is a source of single cell pro-
tein?
(A) Nostoc (B) Spirulina
(C) Chlorella (D) Scenedesmus
(1) A and B (2) B and C
(3) C and D (4) B, C, D

10. Which Of the following is a source of
single cell protein?
(A) Saccharomyces (B) Chaetomium
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(C) Candida (D) Puccinia
(1) A and B (2) B and C
(3) C and D (4) A, B, C

11. Given below are a few statements  regard-
ing somatic hybridization.
Choose the correct statements.
(i) protoplasts of different cells of the
same plant are fused
(ii) protoplasts from cells of different
species can be fused
(iii) treatment of cells with cellulase
and pectinase is mandatory
(iv) the hybrid protoplast contains  charac-
ters of only one parental protoplast.
(1) (i) and (iii) (2) (i) and (ii)
(3) (iii) and (ii) (4) (ii) and (iii)

STATEMENT TYPE OF QUESTIONS:
Read the following statments and find the
correct answer as given below
1) Statement-I is correct Statement-II is
incorrect
2) Statement-I is incorrect Statement-II is
correct
3) Both statemets are correct
4) Both statements are incorrect

12. Statement-I: Genetic improvement of the
crop is called plant breeding.
Statement-II: It creates desired plant types
that are better suited for cultivation.

13. Statement-I : The phase between 1960-
1970 is often called the Green Revolution
Statement-II:  The development of several
high yielding varieties of wheat and rice in
1960s increased yields per unit area

14. Statement-I:  Emasculation is removal of
male parts from the bisexual flowers of
female parent
Statement-II: Bagging is not required for
emasculated flowers

15. Statement-I:  Mutations occur due to
meiotic crossing over.
Statement-II:  Mutation is the process by
which genetic variations are created
through changes in the base sequence
within genes resulting in the creation of a
new character not found in the parental
type.

16. Statement-I: Plant breeding is the purpose-

ful manipulation of plant species
Statement-II:  Conventional plant breeding
has been practiced for thousands of years

17. Statement-I:  The entire collection of
plants/ seeds having all the diverse alleles
for all genes in a given crop is called germ
plasm
Statement-II:  Genetic variability is essen-
tial for breeding programme

18. Statement-I: Mutation is the process by
which genetic variations are created
through changes
Statement-II: All mutations are desirable

19. Statement-I: Spirulina is a prokaryote
Statement-II: Spirulina is unicellular
fungal SCP

20. Statement-I: Alternate sources of proteins
for animal and human nutrition is SCP
Statement-II:  Cultivation of SCP organ-
isms reduce the environment pollution

21. Statement-I: One of the alternate sources
of  protein for animal and human nutrition
is Single cell protein
Statement-II:  Conventional agriculture
production of cereals, pulses, vegetables,
fruits may not be able to meet the demand
of food

22. Statement-I:  Microbes grown for  protein
are SCP organisms.
Statement-II:  Dried protein present in a
single cell of microorganisms is called
SCP

23. Statement-I: The mass of living organisms
is called biomass
Statement-II: The biomass of a species is
expressed in terms of fresh (or) dry weight

24. Statement-I:  Plant tissue culture is used for
mass propagation of plants
Statement-II:  It can be done under septic
conditions

25. Statement-I:  Shoot tip culture is used to raise
virus free clones

Statement-II:  Other explants can equally
give rise to virus free clones

26. Statement-I:  The capacity to generate a
whole plant from any living plant cell is
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called totipotency

Statement-II:  Traditional breeding
techniques are succeeded to keep pace with
demand and to provide sufficient food

27. Find out the incorrect statements

1) 250g methylophilus methylotrophus
produce 25 X 103 kg  of potein in a day

2) The shift meant to grain diets creats more
 demand for cereal

3) 250kg cow produces 200g of protein per
day

4) Spirulina when growing on sewage also
reduces environmental pollution besides
oriducing large quantities of proteins

28. Pollen grains of plants are cultured to get
callus by tissue culture what would be the
number of chromosomes in the cells of callus
(if the leaf cell of same plant has 28
chromosome)

1) 56 2) 28    3) 21          4) 14

29. In himagiri, karan rai, pusa gaourav, pusa
snowball k-1, pusa A-4 and pusa komal, How
many crops are disease resistance and pest
resistance respectively.

1) 3,4 2) 4,3    3) 2,5         4) 6,1

30. Hybrid vigour is gradually lost after repeated:

1) Cultivation 2) Hybridisation

3) Breeding 4) None

31. The plants which were first domesticated?

        1) Grasses 2) Tuber plants

3) Timber plants 4) Fibre plants

32. Most pouloar staple food is

1) Wheat 2) Mainze

3) Paddy 4) Non

QUESTIONBANK - III
1. Emasculation is achieved by-  [CET 2001]

(1) Removal of anther

(2) Removal of stigma

(3) Removal of entire organisms

(4) Removal of petals and sepals

2. Progeny of a cross made between two pure
parents show increased vigour and
productivity. This is due to - [CPMT  2000]

(1) Selection vigour (2) Hybridisation

(3) Hybrid vigour (4) Mutation

3 . Hybrids are generally- [CBSE 2000]

(1) Weak (2) Strong

(3) Like as parents (4) Mutants

4. Hybrid vigour is induced by

[UPCPMT-2001]

(1) Clonal selection

(2) Crossing of plant

(3) Species differentiation

(4) None

5. Heterosis requires : [CPMT-2005]

(1) Selection (2) Crossing

(3) Transformation (4) Mutations

6. A new crop triticale has been evolved by
intergeneric hybridisation between-

[ PMT- 84]

(1) Wheat and aegilops

(2) Wheat and rice

(3) Rice and Maize (4) wheat
and Rye

7. What is triticale ? [CPMT  2004]

(1) It is an inter generic hybrid

(2) It is a modified form of wheat

(3) It is a new plant produced by selection

(4) Wild ancestral wheat

8. Cryopreservation is :– [CPMT 2006]

(1) Preservation of living beings in chemicals

(2) Preservation through gases

(3) Preservation at very low temperature

(4) Preservation at high temperature

9. Which is the main crop of Asia : [PMT- 2001]
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(1) Wheat (2) Rice

(3) Maize (4) Barley

10. The quickest method of plant breeding is
(CBSE 2007)

(1) Introduction (2) Selection

(3) Hybridization (4) Mutation breeding

11. In maize, hybrid vigour is exploited by
(CBSE 2007)

(1) Inducing mutations

(2) Bombarding the seeds with DNA

(3) Crossing of two inbreed parental lines

(4) Harvesting seeds from the most
productive plants

12. Mutations can be induced with :

   [AIPMT 2011]

(1) Ethylene

(2) Gamma radiations

(3) Infra Red radiations

(4) IAA

PLANT BREEDING FOR INSECT - PEST RESISTANCE:

13 . Consider the table given below [PMT 2000]

Crop Variety       Insect pests

(A) Pusa Gaurav
Aphids

Flat bean (B) Jassids

Okra Pusa sawani
(C)

Which one of the following option, gives the
correct fill ups for the respective blank (A to
C)

A B C

1) Wheat Pusa Shubhra        Boll worms

2) Brassica Pusa Komal    Fruit borer
3) Wheat Pusa Komal           Boll worms
4) Brassica Pusa Sem 2       Shoot borer

TISSUE CULTURE:
14. What is the reason of formation of embryoid

from pollen grain in tissue culture medium ?
     [CBSE 2002]

(1) Cellular totipotency (2) Organogenesis
(3) Double fertilization (4) Test tube
culture

15. The technique of obtaining large number of
plantlets by tissue culture method is called–

     [CBSE 2004]
(1) Organ culture       (2) Micropropagation
(3) Macropropagation  (4) Plantlet culture

16. In order to obtain virus-free plants through
tissueculture the best method is :-

     [CBSE-2006]
(1) Protoplast culture  (2) Embryo rescue
(3) Anther culture     (4) Meristem culture

17. Somaclones are obtained by:-
     [CBSE-2009]

(1) Genetic engineering (2) Tissue culture
(3) Plant breeding (4) Irradiation

18. In a tissue culture media, the resources of the
phytohormone is         [CET 2013]
(1) Agar agar (2) Glucose
(3) Micronutrients (4) Coconut milk

19. Pieces of plant tissue used in culture is called
         [MANIPAL 2013]

(1) Explant (2) Somaclone
(3) Inoculant (4) Clone

20. The callus is defined as
          [MANIPAL 2013]

(1) Decaying cells
(2) Differentiated cells
(3) Sterile mass cells
(4) Undifferentiated mass of cells

21. A technique of micropropagation is
   [AIPMT 2015]

(1) Protoplast fusion (2) Embryo rescue
(3) Somatic hybridization
(4) Somatic embryogenesis

22. Which of the following enhances or induces
fusion of protoplasts ? [AIPMT 2015]
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(1) IAA and kinetin
(2) IAA and gibberellins
(3) Sodium chloride and potassium chloride
(4) Polyethylene glycol and sodium nitrate

23. In crop improvement programmes virus-free
clones can be obtained through

   [AIPMT 2008]
(1) grafting    (2) hybridization
(3) embryo culture   (4) shoot apex culture

24. Hybrid vigour is due to - [CET 89]
(1) Chiasma (2) Linkage
(3) Crossing over (4) Heterozygosity

25. A system of rotating crops with legume or
grass  pasture to improve soil structure and
fertility   is called:      [NEET-I 2016]
(1) Ley farming (2) Contour farming
(3) Strip farming (4) Shifting agriculture

26. Which of the following statements is not true
about somatic embryogenesis?
1) The pattern of development of somatic
embryo comparable to that of a zygotic embryo
2) Somatic embryos can develop from
microspores
3) Somatic embryo is induced usefully by an
auxin such as 2,4 D
4) A somatic embryo develops from a somatic
cell.

27. Haploids are more suitable for mutation
studies than  the diploids     [NEET 2018]
1) Haploids are made abundant in nature than
 diploids
2) All mutations, whether dominat or
recessive are expressed in haploid.
3) haploids are reproductively more stable
than  diploids
4) mutagens penetrate in haploids more
effectively than in diploids

 28.Explant is required to be dis infected before
placing    in culture this is done by

   [AIIMS-2017]
1) Autoclaving
2) Ultra-violet rays

3) Clorax or hypochlorite
4) X-rays

29. A‘new variety of rice was patented by
aforeign company though such varieties have
been present in India for a long time. This is
related to      [NEET 2018]
(1) Co-667 (2) Sharbati Sonora
(3) Lerma Rojo (4) Basmati

30. Use of bioresources by multinational
companies and organisations without
authorisation from the concerned country and
its peoople is called.      [NEET 2018]
(1) Bio-infringement
(2) Biopiracy
(3) Biodegradation
(4) Bioexploitation

31. Select the incorrect statement regarding
inbreeding.            [NEET-2019 ODISHA]
(1) Inbreeding depression cannot be
overcome by out-crossing
(2) Inbreeding helps in elimination of
deleterious alleles from the population
(3) Inbreeding is necessary to evolve a pure
line  in any animal
(4) Continued inbreeding reduces fertility and
leads to inbreeding depression

32.  Select the incorrect statement. [NEET-2019]
(1) Inbreeding increases homozygosity
(2) Inbreeding is essential to evolve purelines
in any animal.
(3) Inbreeding selects harmful recessive genes
that reduce fertility and productivity
(4) Inbreeding helps in accumulation of
superior genes and elimination of undesirable
genes
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KEY

QUESTION BANK - 1

   1) 1 2) 2 3) 3 4) 1 5) 3 6) 1
   7) 2 8) 1 9) 2 10) 1 11) 4 12) 2
 13) 1 14) 1 15) 2 16) 3 17) 4 18) 3
 19) 4 20) 1 21) 2 22) 1 23) 1 24) 3
 25) 2 26) 2 27) 3 28) 3 29) 2 30) 1
 31) 1 32) 2 33) 2 34) 4 35) 2 36) 2
 37) 2 38) 2 39) 2 40) 1 41) 3 42) 3
 43) 2 44) 2 45) 4 46) 1 47) 3 48) 3
 49) 4 50) 3 51) 2 52) 1 53) 2 54) 1
 55) 3 56) 2 57) 2 58) 2 59) 3 60) 2
 61) 2 62) 3 63) 2 64) 4 65) 3 66) 1
 67) 2 68) 4 69) 2 70) 1 71) 2 72) 3
 73) 3 74) 3 75) 1 76) 4 77) 3 78) 2
 79) 1 80) 1 81) 2 82) 3 83) 4 84) 3
 85) 3 86) 4 87) 2 88) 3 89) 4 90) 3
 91) 4 92) 3 93) 1 94) 1 95) 2 96) 1
 97) 4 98) 2 99) 3 100) 4 101) 3 102) 4
 103) 3 104) 3 105) 4 106) 2 107) 2 108) 1
 109) 4 110) 1 111) 3 112) 2 113) 2 114) 3
 115) 3 116) 3 117) 1 118) 2 119) 4 120) 2
 121) 4 122) 3 123) 2 124) 4 125) 3 126) 1
 127) 3 128) 4 129) 1 130) 1 131) 2 132) 3
 133)2 134) 4  135) 2  136) 4  137) 1  138) 3
 139) 1 140) 4 141) 2 142) 1 143) 1 144) 4

QUESTION BANK - 2

1) 3 2) 3 3) 4 4) 3 5) 1

6) 2 7) 3 8) 2 9) 4 10) 4

11) 4 12) 3 13) 3 14) 1 15) 2

16) 3 17) 3 18) 1 19) 1 20) 3

21) 3 22) 1 23) 3 24) 1 25) 1

26) 1 27) 2 28) 4 29)2

30) 1 31) 1 32) 3

QUESTION BANK - 3

1) 1 2) 3 3) 2 4) 2 5) 2
6) 4 7) 1 8) 3 9) 2 10) 1
11) 3 12) 2 13) 4 14) 1 15) 2
16) 4 17) 2 18) 4 19) 1 20) 4
21) 4 22) 4 23) 4 24) 4 25) 1
26) 2 27) 2 28) 3 29) 4 30) 2
31) 1 32) 3
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Microbes in Human Welfare
INTRODUCTION

* Microbe or microorganism is an organism that is microscopic (too small to be seen by the
human eye) . Microorganism  can be bacteria, fungi, archaea or protist, but not viruses and
prions, which are generally classified as non-living. Microorganism are generally single
celled or unicellular in nature. Microbes live almost everywhere on earth i.e soil, water and
air even they are present deep inside the earth such as deep sea also.

* Microbes are diverse–protozoa,bacteria, fungi and microscopic animal and plant
viruses,viroids and also prions that are proteinacious infectious agents.

* Microbes like bacteria and many fungi can be  grown  on nutritive media to form colonies,
that can be seen with the naked eyes. Such cultures are useful in studies on micro-
orgainisms.

         

Fig. : Bacteria:               Fig. : Viruses:
(a) Rod-shaped, magnified 1500X;              (a) A bacteriophage;
(b) Spherical shaped, magnified1500X;              (b) Adenovirus which causes respiratory
(c) A rod-shaped bacterium showing flagella,                 infections
     Magnified 50,000X                                             (c)Rod-shaped Tobacco Mosaic Virus(TMV)

                     Magnified about 1,00,000-1,50,000X
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(a) (b)
Fungal colony

 (a) Colonies of bacteria growing in 
     a petri dish
(b) Fungal colony growing in a petri dish

MICROBES IN HOUSEHOLD PRODUCTS

Milk Products  : A number of milk products viz cheese, yoghurt, curd, milk powder, cream, butter
etc. are produced from  milk. Milk is prevented from spoilage by Pasteurisation. It is a
high temperature treatment followed by rapid cooling.

SOME IMPORTANT MILK PRODUCT ARE AS FOLLOWS:
* Mirco-organisms such as Lactobacillus and others commonly called lactic acid bacteria (LAB)

grow in  milk and convert it to curd
* A small amount of curd added to the fresh milk as incoulum or starter contain millions of LAB

which digest the milk proteins
* A common example is the production of curd from milk

* LAB (Lactic and Bacteria) like lactobacillus are added to milk. It converts lactose sugar of
milk into lactic acid. Lactic acid causes coagulation and partial digestion of milk protein
casein. Milk is changed into curd, yoghurt and cheese. The starter or inoculum used in preparation
of milk products actually contains millions of LAB.

* LAB also improves its nutritional quality by increasing vitamin 12B

* LAB present in curd also checks growth of disease causing microbes in stomach and other
parts of digestive tract. This action of LAB is called as Probiotics.

* Swiss cheese has large holes, due to the production of large amount of carbon dioxide by
the bacterium Propionibacterium sharmanii

* The Roquefort cheese are ripened by growing a specific fungi on them a particular flavour

* due to presence of specific fungi  Penicillium roquefortii.

* Swiss cheese characterized by specific flavour and large holes. The large holes are formed
due to the amount of CO2 released by a bacterium named Propionibacterium sharmanii.

* The dough, which is used for making bread , is fermented using baker’s yeast (Saccharomyces
cerevisiae)

* Bread is prepared with the help of Baker’s yeast Saccharomyces cerevisiae. The dough
which is used for making breads is allowed to ferment  with yeast. The sugar present in
dough is rapidly fermented by the yeast with the production of CO

2
 and alcohol.

DOSA AND IDLI

* Dosa and idli are the fermented products of  bacteria
TODDY

* Toddy, a traditional drink is made by fermenting phloem sap obtained from toddy palm

INDUSTRIAL MICROBIOLOGY

* Mircobes are used to synthesise a number of products valuable to human beings.

* Beverages and antibiotics are some examples. Production on an industrial scale, requires



NARAYANA GROUP
82

growing microbes in very large vessels called fermentors
 In industries microorganism are cultured in large fermentors.

 The main function of fermentor is to provide a controlled environment for growth of a
microorganism to obtain a desired product.

*(1) ALCOHOL PRODUCTION

* Yeasts like  Saccharomyces cerevisiae is widely used in the industirial production of
alcohol this
microbes commonly called brewer’s yeast

(2) MALT OR FERMENTED BEVERAGES:

* Depending on the type of the raw material used for fermentation and the type of processing
various alcoholic drinks are produced, Eg., with distillation - whisky, rum and brandy and
without distillation -wine and beer

PRODUCTION OF ANTIBIOTICS

* Antibiotics produced by microbes are regarded as one of the most significant discoveries of
the twentieth century and have greatly contributed towards the welfare of the human society

* Anti is a Greek word that means against and bio means life.together they mean ‘against life’
* Where as with reference to human beings, they are pro life and not aganist.
* Antibiotics are chemical substances secreted by some microorganism which inhibit the growth

and development of other microorganisms. Most of them are produced by actinomycetes,
specially the genus Streptomyces and some filamentous fungi.

*. The study of antibiotics began by the discovery of penicillin in 1929, when Alexander  Fleming
proved that the filtrate of a broth, culture of Penicillium notatum has antibacterial properties in
relation to Gram +ve bacteria

* Penicillin was the first antibiotic to be discovered.
* Alexander fleming while working on staphylococci bacteria, once observed a mould growing in

one of his unwashed culture plate around which staphylococci could not grow.
* He found out that it was due to a chemical produced by the mould Penicillium notatum.
* However, its full potential as an effective antibiotic was established much later by Ernest Chain

and Howard Florey. This antibiotic was extensively used to treat American soldiers wounded in
World War II. Fleming, Chain and Florey were awarded the Nobel Prize in 1945, for this dis-
covery.

* Antibiotics are used to treat a number of diseases like
Plague - Pasteurella pestis
Whooping cough (Kali khansi) - Bordetella pertussis
Diphtheria (gal ghotu) - Corynaebacterium diphtheriae
Leprosy (kusht rog) - Mycobacterium leprae

CHEMICALS, ENZYMES AND OTHER BIOACTIVE MOLECULES

* Microbes are also used for commercial and industrial production of certain chemicals like
organic acids alcohols and enzymes.

MICROBIAL PRODUCTION OF ORGANIC ACID

Some microorganism such as Clostridium (produces acetic acid and butyric acid) Lactoba-
cillus and Streptococcus (Lactic acid) , Acetobacter (Acetic acid) etc. have ability to
convert carbohydrates into organic acids. These microorganism are used for the production
of organic acid at industrial scale. A few organic acids are as follows.
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* Organic acids:

Microbes
a)  Aspergillus niger (fungus)

b)  Acetobacter aceti
     (bacterium)
c)  Clostridium butylicum

Employed in dyeing, inks,
medicines flavouring and
preservation of food

Gluconate source or calcium
to infants, cow and alctatind
mothers

Used for making rancid butter
Curd

Butyric acid
Lactic acid
Gluconic acid

Acetic acid

Citric acid

e)   Aspergillus niger,
      Penicillium (fungi)

d)  Lactobacillus (bacterium)

UsageProduct

Used in preparation of vinegar

ENZYMES:

* The constitutive enzymes are always produced in amounts usable by the cell where as
adaptive enzymes are produced by microbial cell in response to the presence of particular
enzyme substrate.

* Proteases: The protein hydrolyzing enzymes are known as proteases. The enzyme is actually
a mixture of  proteinases and peptidases. These hydrolyse polypeptides into peptide frag-
ment and amino acids.
Pectinases:

* These enzymes hydrolyse ester bonds in pectic substances of middle lamella

* Pectinases are used to clear fruit and grape pulp juices,must for the maceration of veg-
etables and fruits besides extraction of oil.

* The bottled fruit juices bought from the market are clear as compared to those made at
home.This is because the bottled juices are clarified by the use of pectinases and proteases.

* Aspergillus niger, A. wentii, Rhizopus and Penicillium species are used for pectinase
production.

* Streptokinase: (Tissue Plasminogen Activator or TPA) : It is an enzyme obtained from the
cultures of some haemolytic Streptococci. It has fibrinolytic effect, used to dissolve blood
clots from blood vessels in heart patients.

* Streptokinase produced by the bacterium Streptococcus and modified by gentic engineering is
used as a clot buster for removing clots from the blood vessels of parients who have undergone
myocardial infarction leading to heart attack.

LIPASES (GLYCEROL ESTER HYDROLASE)

* The enzyme responsible  for the break down of oils and fats prior to their digestion by
microorganism are extracellular lipases which catalyse the hydrolysis of triglycerides to
free fatty acids, partial glycerides and glycerols. So lipases are used in detergent formula-
tions and helpfull in removing oily stains from the  laundry

* Lipases are used in detergent formulations and are helpful in removing oily stains from the
laundry.

Bioactive molecules:

* Cyclosprorin-A: is used as an immunosupperssive agent in organ- transplant patients. It is
produced by the fungus Trichoderma polysporum. It is an eleven membered cyclic
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oligopeptide obtained through fermentive activity of fungus Trichoderma polysporum. It has
antifungal, anti-inflammatory and immunosuppressive properties.

* Statins : They are products of fermentation activity of yeast Monascus purpureus act as a
competitive inhibitor of ( -hydroxy- -methylglutaryl CoA reductase or HMG COA reductase)
key enzyme of cholesterol synthesis. It is used as cholesterol lowering agent.

SEWAGE (WASTE) WATER TREATMENT
* Sewage is the major component of waste water consisting of human excreta, industrial and

agricultural wastes that enter the sewage system.
* A number of aerobes, anaerobes and facultative anaerobic microorganism are present in

sewage water. These are heterotrophs and thus decompose organic matter of sewage.
* Treatment of waste water is done by the heterotrophic microbes naturally present in the

sewage. This treatment is carried out in two statges.
PRIMARY TREATMENT
* These treatment steps basically involve physical removal of particles large and small  from

the sewage through filtration and sedimentation.All solids that settle form the primary sludge
and the supernatant forms the effluent. The effluent from the primary settling tank is taken for
secondary treatment.

* THESE ARE REMOVED BY SEQUENTIAL FILTRATION. THESE THE GRIT (SOIL AND SMALL PEBBELS ) ARE

REMOVED

 It is the removal of 20 – 30% of organic material present in sewage in particulate form.
 This is removed by screening, precipitation of small particulate and settling in basin or

tanks.
 Solid material is removed and kept in land fill for anaerobic digestion.
 The accumulated materials are subjected to aluminium sulphate or other coagulants.
 So that the suspended particle should be trapped as in sedimentation process of water

purification.

* Secondary treatment
* It is also called biological treatment or microbial degradation.
 By this process about 90 – 95 % of the BOD and many pathogens are removed.
* First of all the effluent is passed into large aeration tank where it is constantly agitated

mechanically which promote the growth of microorganism.
 These aerobes grow in flocs and consume a major part of organic matter so that the BOD of

sewage is reduced. Now the effluent is passed through a sedimentation tank where the
microbial flocs are allowed to settle down. The settled material is called activated sludge.

* A small part of the activated sludge is pumped back into the aeration tank to serve as the
inoculum.

* The remaining major part of the sludge is pumped into large tanks called anaerobic sludge
digesters.

*  Here, other kinds of bacteria. which grow anaerobically, digest the bacteria and the fungi in
the sludge.

*  During this digestion, bacteria (methanogens) produce a mixture of gases such as methane,
hydrogen sulphide and carbon dioxide.

* These gases form biogas and can be used as source of energy as it is inflammable.
 Tertiary treatment

Tertiary treatment is aimed to remove nonbiodegradable organic materials, heavy metals,
and minerals. The salt of nitrogen and phosphorus must be removed because they cause
eutrophication.
Finally the sewage effluent is subjected to chemical treatment for disinfection before releas-
ing it into natural water bodies.

* The ministry of Environment and Forests has initiated Ganga Action Plan and Yamuma
Action Plan to save these major rivers of our country from pollution by using Bdellovibrio
bacteriovorous
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* Removal of toxic waste from land, chemical and oil spills accidentally released into the
environment by using microbes is called bioremediation

BOD
* Initially aerobic microorganisms completely oxidize the organic materials under aerobic

condition. During this process all the dissolved oxygen is consumed for the oxidation of
organic materials.

* Thus the BOD is the amount of oxygen required by organisms in water under certain standard
conditions. The sewage of high organic material has high BOD value and vice versa, or in
other words it is the amount of oxygen required in milligrams for 5 days to metabolize waste
present in one litre of water at 20°C.

MICROBES IN PRODUCTION OF BIOGAS

* A mixture of gases produced from organic matter by the activity of various anaerobic bacte-
ria is known as biogas.

 The other bacteria are Bacillus, Cellulomonas, Clostridium, Eubacterium and
Rumminococcus.

* The type of the gas produced depends upon the growth and metaboilsm and  the organic
substrates they utilise.

* In the examples cited in relation to fermentation of dough, cheese making and production of

beverages the main gas produced was 2CO  and 2H

* These bacteria are collectively called Methanogens, and one such common bacterium is
Methanobacterium,

* These bacteria are commonly found in the anaerobic sludge during sewage treatment.

* These bacteria are also present in the rumen of cattle where a lot of cellulosic material is
present

* Methanogens help in the breakdown of cellulose and play an important role in the nutrition of
cattle.

* The excreta (dung) of cattle. commonly called gobar is rich in these bacteria.

* Dung can be used for generation of biogas, commonly called gobar gas.

 BIOGAS COMPOSITION



NARAYANA GROUP
86

Typical composition of biogas 

Oxygen 0 – 0

0 – 3
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0 – 10

30 – 40

50 – 75
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CH4

Hydrogen sulphide

Hydrogen

Nitrogen

Carbon dioxide

Methane

%FormulaCompound

* Methanogens play an important role in the
nutrition of cattle.

* Methanogens are found in the following
sites:
i) Anaerobic sludge
ii) Rumen of cattle
iii) Marshy places.

* Cattle dung is used for the production of

biogas as it contains cellulosic material
as well as mathanogens.

Digester

Sludge
Gas-holder

Gas

Dung Water (CH +Co +---)4 2

A typical biogas plant

* The biogas plant consists of 10-15 ft of a
concrete tank in which bio-wastes are
collected and a

slurry of dung fed.

* A floating cover is placed over the slurry,

which keeps on rising as the gas is
produced in the tank due to the microbial
activity

* The biogas plant has an outlet, which is
connected to a pipe to supply biogas so near
by houses.

* The spent slurry is removed through another
outlet and may be used as fertiliser cattle
dung is available in large quantities in rural
areas where cattle are used for a variety of
purpose .

* So Biogas thus produced is used for cooking
and lighting.

* The technology of biogas production was
developed in India mainly due to the efforts
of Indian A g r i c u l t u r a l
Research Institute (IARI) and Khadi and
Village Industries Commission (KVIC) .

MICROBES AS BIOCONTROL AGENTS

* In agriculture, there is a method of
controlling pests that relies on natural
predation rather than introduced chemical

* The organic farmer, therefore, works to
create a system where the insects that are
sometimes called pests are not eradicated,
but instead are kept at manageable levels
by complex system of checks  and balances
within a living and vibrant ecosystem

* Contrary to the ‘conventional’ farming
practices which often use chemical
methods to kill both useful and harmfull life
forms indiscriminately.

* The organic farmer hold the view that the
eradication of the creatures that are often
described as

pests is not only possible, but also
undesirable, for without then the beneficial
predatory and parasitic insects which
depend upon the  food or hosts would not
be able to survive

* The very familiar beetle with red and
black markings the Lady bird and
Dragonfilies are useful to get rid of
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aphids and mosquitoes respectively.

* An example of microbial biocontrol
agents that can be introduced in order to
control butterfly Caterpiller is the bacte-
rium Bacillus thuringiensis

* These are available in sachets as dried
spores which are mixed with water and
sprayed  onto vulnerable plants such as
brassicas and fruit trees.

* In the gut of the larvae, the toxin is re-
leased and the larvae get killed

* The bacterial toxins will kill the
caterpillers, but leave other insects
unharmed

Because of the development of methods
of genetic engineering in the last decade,
the scientists have introduced Bt toxin
genes into plants.

* Such plants are resistant to attack by
insect pests.

* Bt-cotton is one such example, which is
being cultivated in some states of our
country.

* A biological control being developed for
use in the treatment of plant disease is the
fungus Trichoderma

* Trichoderma species are free-living fungi
that are very common in the root ecosys-
tems. They are effective  biocontrol
agents of several plant pathogens.

* Baculoviruses (NPV-
Nucleopolyhedrovirus & CPV-
Cytoplasmicpolyhedrovirus ) are patho-
gens that attack insects and other
arthropods.

* They have no negative impact on plants,
mammals, birds, fish or even  on non
target insects. This is especially desir-
able when beneficial insects are being
conserved to aid in an overall Integrated
Pest Management (IPM) programme, or
when an ecologically sensitive area is
being treated.

 Biofertilizers

* With our present day life styles environ-
mental pollution is a major cause of
concern.

* The use of the chemical fertilisers to meet
the ever- increasing demand of agricul-
ture products

* We have now realised that there are
problems associated with the overuse of
chemical fertilizers and there is a large
pressure to switch to organic farming.

* The main sources of biofertilisers are
bacteria, fungi and cyanobacteria,

1. Free Living Nitrogen Fixing Bacteria.
* Azotobacter, Bacillus polymyxa,

Clostridium, Beijernickia. Inoculation of
soil with these bacteria helps in increas-
ing yield and saving of nitrogen fertiliz-
ers.

* The most important of the symbiotic
nitrogen fixing bacteria is Rhizobium. It
forms nodules on the roots of legume
plants. There are about a dozen species of
Rhizobium  which form association with
different legume roots., e.g.,
R.leguminosarum,

 Frankia, a nitrogen fixing mycelial
bacterium, is associated symbiotically
with the root nodules of several
nonlegume plants like Casuarina, Alnus
(Alder) Myrica, etc.

 For example, Azotobacter occuring in
fields of Cotton, Maize, Jowar and Rice,
not only increases yield but also saves
nitrogen fertilizers to the tune of 10–25
kg/ha.

MYCORRHIZA
* Fungi are also known to form symbiotic

associations with the roots of plants
(mycorrhiza)

* Many members of the genus Glomus form
mycorrhiza

* Mycobiont of mycorrhiza absorbs phos-
phates ions from the soil and transfer it to
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the  Phycobiont.

 The fungi form symbiotic association
with roots of higher plants.

 The major benefits of mycorhiza to the
plant is the supply of inorganic nutrients
as well as enhanced water absorption.
Phosphate which is mostly present in the
unavailable form in the soil, becomes
abundantly available to the plant.

* Other benefits of mycorrhizae are:
i) Resistance to root-borne pathogens.
ii) Tolerance to salinity.
iii) Tolerance to drought.

* Vermicompost: The process of compost
formation by earthworms.

3. Free Living Nitrogen Fixing
Cyanobacteria.

* A number of free living cyanobacteria or
blue-green algae have the property of
nitrogen, e.g., Anabaena, Nostoc,
Oscillatoria,

4. Symbiotic Nitrogen Fixing
Cyanobacteria.

* Nitrogen fixing cyanobacteria from
symbiotic association with several plants,
e.g., Coralloid roots of Cycas, lichens,
liverworts, Azolla. Out of these, Azolla-
Anabaena association is of great impor-
tance to agriculture.

* In paddy fields, cyanobacteria serve as an
important biofertiliser. Blue green algae
also add organic matter to the soil and
increase its fertility.

QUESTION BANK - 1

1. The following are the alcohols produced
by distillation process except
(1) Rum (2) Brandy
(3) Whisky (4) Beer

2. First antibiotic was discovered in the year
(1) 1929 (2) 1914
(3) 1980 (4) 1930

3. The first antibiotic discovered was
(1) Penicillin

(2) Chloromycetin
(3) Cephalospotin (4)Streptomyci n

4. Which one of the following enzyme is
secreted by yeast during Fermentation?
(1) Enolase (2) Invertase
(3) Zymase (4)Dehydrogenase

5. Which gas is responsible for the puffed up
appearance of dough?

(1) 2CO   (2) 2O (3) 2SO (4) 2NO

6. Which bacterium helps in the production
of ‘Swiss cheese’?
(1) Propionibacterium sharmanii
(2) Trichodermapolysporum
(3) Saccharomyces cerevisiae
(4) Aspergillusniger

7. Streptokinase which is used as a ‘clot
buster’ obtained from

(1) Streptococcus (2) Staphylococcus
(3) Lactobacillus (4) Saccharomyces

8. Which of the following microbe is made
up protein only ?

1) Virus 2) Bacteria

3) Viroids 4) Prions

9. The infectious agents made up of RNA
only are

1) Viroids 2) Bacteria

3) Fungi 4) Virus

10. Microbial colonies

1) Can be grown on nutritive media

2) Can be seen by naked eyes

3) Are useful in study of microbes

4) More than one option is correct

11.  Identify the colonies labelled as a a and
b.
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1) a-Fungal; b-Bacterial

2) a-Bacterial; b-Fungal

3) a-Algal, b-Viral

4) a-Fungal, b-Algal

12. Match the following (Column-I with
column-II

Column-I Column-II

a) i) Bacillus

b) ii) Cocci

       c)         iii) Tobacco Mosaic

 Virus (TMV)

d)  iv) Adenovirus

1) a-iii, b-iv, c-i, d-ii

2) a-iv, b-iii, c-i, d-ii

3) a-iii, b-i, c-iv, d-ii

4) a-i, b-iii, c-ii, d-iv
MICROBES IN HOUSE HOLD PRODUCTS

13. What is the beneficial role of LAB in our
stomach?
1) Causes souring of milk by decreasing
nutritional quality
2) Increases the amount of vitamin - D
3) Checks disease causing microbes
4) It produces alkali which coagulate and
partially digest the milk proteins

14. The microbe used for making bread is
1) Saccharomyces cerevisiae

2) Saccharomyces ellipsoidens
3) Saccharomyces pireformis
4) Saccharomyces sake

15. Which of the following is traditional
drink of some parts of southerm India,
made by fementing sap from palms?
1) Tea
2) Toddy
3) Beer 4) Cashew apple

16. Which of the following microbe is used
for ripening of Swiss cheese?
1) Penicillium roquefortii
2) P. camemebertii
3) Propionibacterium sharmanii
4) Streptomyces griseus

17. Probiotics are
(1) Cancer inducing microbes
(2) New kind of food allergens
(3) Live microbial food supplement
(4) Safe antibiotics

18. Idli is a fermented product of
(1) Wheat (2) Maize
(3) Barley (4) Black gram

19. The commercial production of ethanol is
carried by
(1) Fusarium
(2) Condida albicans
(3) Saccharomyces cerevisiae
(4) Candida utilis

20. The vitamin whose content increases
following the conversion of milk into curd
by lactic acid bacteria is
1) Vitamin - C 2) Vitamin - D

3) Vitamin  - 12B 4) Vitamin - E

21. Bakers yeast is

(1) Saccharomyces cerevisiae

(2) Candida utilis

(3) LAB

(4) Aspergillus niger

22 The inoculum is added to the fresh milk in
order to convert  milk into curd, the term
‘inoculum’ here refers to

(1) A starter rich in vitamin B12
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(2) A starter rich in proteins

(3) A starter containing millions of LAB

(4) An aerobic digester

23. Curd, milk, cheese and butter are
produced with the use of

1) Yeast 2) Penicillium

3) LAB

4) None of the above

24. During its formation, bread becomes

porous due to 2CO released by

1) protozoans

2) bacteria

3) yeast

4) viruses

25. Lactic acid bacteria convert milk into
curd and improves its nutritional quality
by enhancing

1) vitamin A 2) vitamin B

3) vitamin C 4) vitamin D

26. The bread is soft and porous when the
yeast cells are mixed in the lump of wheat
flour because

(1) Yeast produce benzonic acid

(2) Evolution of CO2 makes the bread
spongy

(3) Yeast is soft and flour also becomes
soft

(4) Yeast produces acetic acid and alcohol
which give softness to the bread.

27. Yeast is used in preparation of

1) acetic acid 2) curd

3) ethyl alcohol 4) cheese

28. In cheese microorganisms are required
for

1) ripening 2) souring of milk

3) souring and ripening

4) development of resistance to spoilage

FERMENTED BEVERAGES

29. Production of beverages at industrial
scale requires growing microbes in very
large containers knows as .
1) Digesters 2) Fementors

3) Dough 4) Concrete tank
30. Which one of the following alcoholic

drinks is produced without distillation?
1) Wine 2) Whisky
3) Rum 4) Brandy

31. Fermentation of sugar to yield alcohol is
carried out by

1) microorganisms 2) zymase

3) raised temperature

4) decomposition of sugar

32. Glucose fermentation by Yeast yields

1) ethanol+ 2CO 2) ethanol + 2H O

3) methanol + 2CO 4) 2 2H O+CO

33. Cheese  is a product of

1) pasteurization 2) fermentation

3) dehydration 4) distillation

34. Which one is used in production of
alcohol  ethanol?

1) Saccharomyces cerevisiae

2) Torulopsis utilis

3) Clostridium botulinum

4) Leuconostoccitrovorum

35. The enzyme used for detergent
formulations is

(1) Invertase (2) Lipases

(3) Proteases (4) Pectinases

36. Germinating barley seeds are used in
preparation of

(1) Lactic acid (2)Wine

(3) Cheese (4)Beer

37. The following gas is formed as a by
product during fermentation proces

(1) 2N     (2) 2CO (3) 2H S (4) 4CH

38. Find the odd one w.r.t distilled alcholic
beverages
1) Rum 2) Beer
3) Brandy 4) Whisky

ANTIBIOTICS

39. The chemicals which are ’pro-life” with
reference to human beings
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1) Are regarded as one of the most
significant discovery of twenty first
century
2) Have rarely contributed to human
welfare
3) Are produced by some plants and all
animals
4) Can kill or retard the growth of
disease-causing microbes

40. Which of the following microbe is the
source of first antibiotic?
1) Penicillium notatum 2) Staphylococci
3) Aspergillus niger 4) Bacillus
brevis

41. The first antibiotic was discovered
accidently by --A -- while working on --
B--
1) A - Waksman; B-Streptococcus
2) A-Fleming; B-penicillium notatum
3) A-Waksman; B-Bacillus brevis
4) A-Fleming; B-Staphylococci

42. Commercial extraction of penicillin was
done by
1) alexander Fleming 2) Ernest Chain
3) Howard Florey
4) More than one option is correct

43. Staphylo coccus is a
1) Spiral shaped bacterium

2) Rod shaped bacterium

3) Comma shaped bacterium

4) Spherical shaped bacterium

44. Antibiotics are mostly got from

1) fungi

2) actinomycetes/bacteria

3) Both (1) and (2)

4) cyanobacteria

45. Antibiotics are drugs commonly used to
cure disease of

1) Algae 2) viruses

3) protozoans 4) bacteria

46. Which of the following is not an
antibiotic?

1) Griseofulvin 2) Cephalosporin

3) Citric acid 4) Streptomycin

47. Microbe involved in  penicillin
production

1) Aspergillus niger

2) Bacillus subtilis
3) Penicillium notatum
4) Trichoderma

48. Antibiotics inhibit the growth or destroy
(1) Bacteria and fungi
(2) Bacteria and viruses
(3) Bacteria, algae and viruses
(4) Bacteria, fungi and viruses

49. Penicillin was discovered by
(1) Ernest chain (2) Howard Florey
(3) J.C Bose (4) Alexander
Fleming

50. Antibiotics are “ Pro life “ to
1) Humans
2) Bacteria
3) Fungi
4) All the above

CHEMICALS, ENZYMES AND OTHER

BIOACTIVE MOLECULES

51. --- are used in detergent formulations and
are helpful in removing oily stains from
laundry.
1) Ligases
2) Proteases
3) Lipases 4) Pectinases

52. Select the microbe which is the source of
‘clot buster’ enzyme.
1) Bacterium ; Lactobacillus
2) Fungi ; Aspergillus niger
3) Fungi ; Penicillium notatum
4) Bacterium ; Streptococcus

53. An immunosuppressive agent used in
organ transplant patients is
1) Streptokinase 2) Statins
3) Cyclosporin-A 4) Lipases

54. The product of Monascus purpureus has
been commercialised as
1) Immunosuppressive agent
2) Blood-cholesterol lowering agent

3) Clot buster
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4) Bottled juices clarifying agents

55. --- are produced by yeast and act by
competitively inhibiting the enzyme
responsible for synthesis of cholesterol.
1) Cyclosporin-A 2) Penicillin
3) Statins 4) Alcohol

56. Trichoderma polysporum yields an
important bioactive compound. Which is
used as immunosuppressive agent in organ
transplantation. This compound is
(1) Polysporin (2)Cyclosporin-A
(3) Pentacyclosporin (4)
Cyclohydrosporin

57. Bottled  juices are clarified by
(1) Lipases (2) Pectinases
(3) Invertase (4) Zymases

58. The bacterium produced vitamin - B12 is
(1) LAB (2) Azospirillum
(3) Clostridium (4) Azotobacter

59. The strain of this fungi are used for the
production of citric acid.
(1) Aspergillus fumigatus (2) A. flavus

(3) A. niger (4)Rhizopus
60. Monascus purpureus is a yeast which is

commercially used in the production of
(1) Butanol
(2) Blood cholesterol lowering statins
(3) Ethanol
(4) Streptokinase for removing clots from
the blood vessels

61. Which industrial products are
synthesized from microbes?
I. Antibiotics   II. Fermented beverages
III. Enzymes and chemicals
IV. Bioactive molecules
1) I, III, IV 2) I, II, III, IV
3) I, III 4) I, II, III

62. Cyclosporin A is used for
1) dissolving blood clots
2) lowering cholesterol level
3) immunosuppression
4) enhancing tenderness of meat

63. Cyclosporin is obtained from
1) Bacillus subtilis

2) Trichoderma polysporum
3) Tolypocladium inflatum
4) Both (2) and (3)

64. Statins are obtained from
1) Streptococcus
2) Pencillium notatum
3) Monascus purpureus
4) Clostridium butyricum

65. Dosa and Idli are preparations of
1) wheat flour 2) rice
3) rice and black gram
4) wheat and black gram

66. The microbe used for the production of
acetic acid is a
(1) Bacteria (2) Fungi
(3) Virus (4) All the above

67. Citric acid is obtained from
1) Aspergillus niger
2) Rhizobium nigricans
3) Penicilliumcitrinum
4) Lactobacillus vulgaricus

68. Human insulin (humulin) is being
commercially produced from a
transgenic species of
1) Rhizobium
2) Saccharomyces
3) Escherichia
4) Mycobacterium

69. Which of the following options contains
the end products formed during anaerobic
respiration in yeast?
(1)  H2O, CO2 and energy
(2) H2S, C2H12O6 and energy
(3) CO2, C2H5OH and energy
(4) H2O and CO2

QUESTION BANK - 2

SEWAGE TREATMENT

71. Treatment of waste-water is done by the
1) Photoautotrophic microbes, naturally
present in sewage
2) Chemoautotrophic microbes, naturally
present in sewage
3) heterotrophic microbes naturally
present in sewage
4) Heterotrophic microbes inoculated in
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the sewage from outside only
72. In a sewage treatment plant, primary

treatment is
1) physical process which involves
sedimentation only
2) physical process which involves both
filtration and sedimentation
3) Biological process which formation of
primary sludge and effluent
4) Biological process which involves
both fitration and sedimentation

73. What are flocs?
1) Masses of anaerobic bacteria
2) Masses of aerobic fungi only
3) Masses of anaerobic bacteria and fungi
4) Masses of aerobic bacteria associated
with fungal filaments

74. Activated sludge consists of
1) Anaerobic bacteria
2) Photosynthetic bacteria
3) Aerobic bacteria
4) All the above

75. During sewage treatment the
microorganisms participate under which
step ?
(1) Primary (2)Secondary
(3) Tertiary (4) None above

76. The domestic sewage in large cities
(1) has a high BOD as it containing both
 aerobic and anaerobic bacteria
(2) is processed by aerobic and then
anaerobic bacteria in the secondary
treatment isSewage Treatment Plants
(STPs)
(3) when treated in STPs does not really
require the aeration step as the sewage contains
adequate oxygen
(4) has very high amounts of suspended solids
and dissolved salts

77. BOD of waste water is estimated by
measuring the amount of
1) Total organic matter
2) Biodegradable organic matter
3) Oxygen evolution
4) Oxygen consumption

78. Waste water treatment generates a large
quantity of sludge, which can be treated
by
1) an aerobic digesters 2) floc

3) chemicals 4) oxidation pond
79. Biogas generation is a  anaerobic

digestion of animal and other orgtanic
wastes. Study the following flowchart
and select the correct option for stages I,
II and III.
(1) In state - I, anerobic microorganisms
bring about enzymatic breakdown of
complex organic compounds into simple
soluble compounds or monomers.
(2) In stage - II, monomers are converted
into organic acids by fermentation
causing microbes
(3) In stage - III, organic acids are acted
upon by methanogenic bacteria to
produce biogas.
(4) All of these

80. Passage of effluents into oxidation tank is
for
1) primary treatment
2) secondary treatment
3) tertiary treatment
4) Both (1) and (2)

81. Study the following statements and select
the incorrect ones
(i) Physical removal of large and small
particles through filtration and
sedimentation is called primary sewage
treatment.
(ii) Secondary sewage treatment is
mainly a mechanical process
(iii) Activated sludge sediment in a
sewage treatment plant is a rich source of
aerobic bacteria
(iv) Sludge digester contains effluent
(1) i and ii (2) ii and iv
(3) ii and iii (4) iii and iv

82. During primary treatment, all solids that
settle forms ....A..... and the supernatant
forms ... B...
1) A-Primary sludge, B-effluent
2) A-Primary sludge, B-secondary
effluent
3) A-Activated sludge, B-clarified
effluent
4) A-Activated sludge, B-effluent

83. Identify the stage of sewage treatment
shown below.
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1) Primary treatment

2) Secondary treatment

3) Tertiary treatment

4) Filtration and sedimentation

BIOGAS

84. What is the composition of the biogas?

1) Methane, carbon dioxide, oxygen etc.

2) Methane, carbon dioxide, hydrogen,

nitrogen dioxide etc.

3) Methane, carbon dioxide, hydrogen

sulphide etc

4) Methane, carbon dioxide, sulphur dioxide

etc.

85. The bacterium responsible for biogas
production are collectively called

1) Methanogens
2) Thermoacidophiles
3) Halophiles

4) Cyanobacterium

86. The technology of biogas production was
developed in india mainly due to the
efforts of
1) IPM 2) IARI and KVIC
3) IRRI 4) ICAR

87. In gobar gas, the maximum amount is that
of

(1) Butane (2)Methane

(3) Propane (4)Carbon dioxide

88. Methanogenic bacteria are not found in

1) rumen of cattle

2) gobar gas plant

3) bottom of water - logged paddy fields

4) activated sludge

89. The residue left after methane production
from cattle dung is

1) burnt

2) burried in land fills

3) used as manure

4) used in civil construction

90. During anerobic digestion of organic
waste such as in producing biogas which
of the following is left  undegraded

1) Hemicellulose 2) Lignin

3) Lipids 4) Cellulose

91. Methanogens grow anaerobically on
cellulose material and produce

I. Methane II. oxygen

III. carbon dioxide

IV. Hydrogen sulphide

1) I, III, IV 2) I, II, III, IV

3) II, III, IV 4) I, II

92. Group of bacteria used in biogas
production is

1) eubacteria 2) organotrophs
3) methanotrophs 4) methanogens

93. Stirred-tank bioreactors have been
designed for

(1) Availability of oxygen throughout the
process

(2) Addition of preservation to the
product

(3)  Purification of the product

(4)  Ensuring anaerobic conditions in the
culture vessel

94. Identify the parts labelled A, B and C
with reference to biogas plant.



NARAYANA GROUP
95

             

1) A-Gas, B-Sludge, C-Dung water
2) A-Gas, B-Gas holder, C-Digester
3) A-Gas holder, B-Sludge, C-Dung
water
4) A-Gas holder, B-Digester, C-Dung
water

BIOCONTROL AGENTS

95. One of the major difficulties in the
biological control on insect pests is that

(1) the predator develops a preference to
other diets and may itself become a pest

(2) the predator does not always survive
when transfered to a new environment

(3) the method is less effective and
compared with the use of insecticides

(4) the practical difficulty of introducing
the predator to specific areas

96. Integrated Pest Management (IPM)
discourages the excessive use of

(1) biological methods

(2) chemical pesticides

(3) mechanical methods

(4) variable cultural controls

97. Biopesticides are

(1) the chemicals which are used to
destroy the pests
(2) the living organism or their products
which areused for the pest control
(3) the organisms which destroy the crops
(4) all the above

98. The delta endotoxins are released by which
of the following organism that is most
effectively used as biological control

(1) Polyhedro virus

(2) Bacillus thuringiensis

(3) Rudolia cardinalis (4) All above

99. Biological control component is central to
advanced agricultural production. Which of
the following is used as a third generation
pesticide?

(1) Pathogens

(2) Pheromones

(3) Insect repellants

(4) Insect hormone analogues

100.  A  microbial insecticide is

(1)  Bacillus polymixa

(2) B. Subtilis

(3) B. thuringiensis (4) B. brevis

101. Integrated Pest Management (IPM)
discourages the excessive use of

(1) Biological methods

(2) Chemical pesticides

(3) Mechanical methods (4) All of these

102. Lady bird is a predator of

(1) Moths (2)Beetles

(3) Bacteria (4)Aphids

103. Which of the following is an example of
carrying out biological control of pests/
diseases using microbes

(1) Trichoderma sp againts certain plant
pathogens

(2) Nucleopolyhedrovirus against white
rust in Brassica

(3) Bt-cotton to increase cotton yield

(4) Lady bird beetle against aphids in
mustard

104. Microbe used for biocontrol of pest
butterfly caterpillars is

(1) Saccharomyces cerevisiae

(2) Bacillus thuringiensis

(3) Streptococcus sp.

(4) Trichoderma sp.
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105. The ladybird beetle and dragonflies are
useful to get rid of .... and ..... respectively.

1) Caterpillars and mosquitoes

2) Mosquitoes and fruit borer

3) Mosquitoes and aphids

4) Aphids and mosquitoes

106. The effective biocontrol agents of several
plant pathgoens are species of

1) Aspergillus

2) Baculovirus

3) Trichoderma 4) Dragonflies

107. Which of the following is included in
biopesticide?

1) Viruses and bacteria only

2) Viruses, bacteria and fungi only

3) Viruses, bacteria, fungi and protozoa

4) Viruses, bacteria, fungi and protozoa
only

108. Baculoviruses are

1) Pathogens that attack insects and other
arthropods

2) Members of genus
Nucleopolyhedrovirus that are never used
as biocontrol.

3) Species-specific, broad spectrum
insecticides.

4) Few negative impacts on plants,
mammals, birds, fishes or even on non-
target insects.

BIOFERTILIZER

109. Organic farming, a recently adopted method
to minimise the use of pesticide includes

(1) No disruption to local ecosystem

(2) Procuring sustained yield at low costs

(3) Adoption of intercropping and crop
rotation

(4) All of the above

110. Which of the following are the pair of
biofertilizers?

(1) Azolla and blue green algae

(2) Nostoc and legume

(3) Rhizobium and grasses

(4) Salmonella &E.coli

111. A free living nitrogen-fixing
cyanobacterium which can also form
symbiotic association with the water fern
Azolla is

(1) Anabaena (2)Tolypothrix

(3) Chlorella (4) Nostoc

112. Unicellular symbiotic organisms improve
yield of legumes by

(1) Fixing atmospheric nitrogen without
colonizing roots of host plant

(2) Fixing atmospheric nitrogen and
colonizing roots of host plant

(3) Inducing the host plant to absorb more
phosphorus

(4) Stimulating the host plant to become
tolerant to drought

113. Which gas is produced during anaerobic
fermentation of agricultural wastes ?

(1) Biogas (2)Ethane

(3) LPG (4)CO

114. Azolla is used as a biofertilizer because it

(1) multiplies very fast to produce massive
biomass

(2) has association of nitrogen-fixing
Rhizobium

(3) has association of nitrogen-fixing
Cyanobacteria

(4) has association of mycorrhiza

115. Which of the following is non-symbiotic
biofertilizers?

(1) VAM (2)Azotobacter

(3) Anabaena (4)Rhizobium

116. In a sewage plant BOD is indicated as high.
After sometime is shows decreases then

(1) there is increase in bacterial growth but
decrease in oxygen

(2) there is decrease in bacterial growth
but increase in oxygen

(3) there is increase in bacterial growth but
increase in oxygen
(4) there is decrease in bacterial growth
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but decrease inoxygen
117. Organic farming does not include

(1) Green manures

(2) Chemical fertilizers

(3) Farmyard manures

(4) Compost

118.  Most famous bacterial fertilizer is

(1) Nitrosomonas (2)Nitrobacter

(3) Nitrosococcus (4)Rhizobium
119. Biofertilizers are organisms that enrich the

nutrient quality of the soil. Which of the
following can be used as biofertilizers?
(1) Nitrogen fixing cyanobacteria
(2) Nitrogen fixing bacteria
(3) Mycorrhizae
(4)  All of these

120. Biofertilisers
1) increase dependence on chemical
fertilizers
2) are organisms that enrich the nutrient
quality of soil.
3) fix only atmospheric nitrogen
4) are used regularly in the fields to deplete
soil nutrients.

121. The main sources of biofertilizers are
a) Bacteria b) Cyanobacteria
c) Fungi d) Protists
1) a, b, c 2) a, b, d
3) b, c, d 4) a, c, d

122. In paddy fields, ....... serves as an important
biofertiliser.
1) Rhizobium 2) BGA
3) Glomus 4) Frankia

123. The symbiotic association of fungi with
plants is known as .... which is formed by
many members of the fungal genus.....
1) Mycorrhiza, Glomus
2) Mycorrhiza, Penicillium
3) Lichen, Trichoderma
4) Glomus, Mycorrhiza

QUESTION BANK - 3

MULTIPLE CHOICE, MATCH THE FOLLOWING
AND STATEMENTS

1. Consider the following statements [A-D]

about organic farming
(A) Utilizes genetically modified crops like
Bt cotton
(B) Uses only naturally produced inputs
like compost
(C) Does not use pesticides and urea
(D) Produces vegetables rich in vitamins
and minerals
Which of the above statements are correct
(1) (B) and (C) only (2) (A) and (B)
only
(3) (B) , (C) and (D) (4) (C) and(D)
only

2. Which of the following is used as
biological insecticide
(1) Tiger beetle (2) Caterpillar
(3) Silkmoth (4) Mazra poka

3. Match the following
Column-I          Column-II
(P) Cyclosporin-A (i) Streptococcus
(Q) Lipases (ii)Monoscus

Purpureus
(R) Statins (iii) Detergent

formulations
(S) Streptokinase (iv) Trhichoderma

 polysporum
(1) (P-iv) (Q-ii) (R-i) (S-iii)

(2) (P-iii) (Q-i) (R-ii) (S-iv)

(3) (P-iii) (Q-i) (R-ii) (S-iv)

(4) (P-iv) (Q-iii) (R-ii) (S-i)

4. Match the following columns

Column-I Column-II

A. Lady bird 1. Methanobacterium

B. Mycorrhiza 2. Trichoderma

C. Biological control 3. Aphids

D. Biogas 4. Glomus

1) a - 2, b - 4, c - 3, d - 1

2) a - 3, b - 4, c - 2, d - 1

3) a - 4, b - 1, c - 2, d - 3

4) a - 3, b - 2, c - 1, d - 4

5. Match the following

Column-I Column-II

(Bioactive (Role)
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Substance)

A) Statin 1) Removal of oil
stains

B) Cyclosporin A 2) Removal of clots
from blood vessels

C) Streptokinase 3) Lowering of
blood cholesterol

D) Lipase 4) Immuno-
suppressive agent

1) a - 2, b - 3, c - 1, d - 4

2) a - 4, b -2, c - 1, d - 3

3) a - 4, b - 1, c - 3, d - 2

4) a - 3, b - 4, c - 2, d - 1
6. Match the following

Column-I Column-II
(i) Butyric acid (P) Aspergillus niger
(ii) Acetic acid (Q) Clostridium

butyricum
(iii) Lactic acid (R) Azatobactor
(iv) Citric acid (S) Lactobacillus
(1) (S-i) (P-ii) (Q-iii) (R-iv)
(2) (Q-i) (R-ii) (S-iii) (P-iv)
(3) (R-i) (P-ii) (Q-iii) (S-iv)
(4) (P-i) (Q-ii) (S-iii) (S-iv)

7. Match the following
Column-I   Column-II
(P) Cynobacteria (i) N2-fixation
(Q) Pseudomonas (ii) Biogas
(R) Rhizobium (iii) Biofertilisers in

paddy fields
(S) Methanogens (iv) Quantam-4000
(1) (R-i) (S-ii) (Q-iii) (P-iv)
(2) (S-i) (Q-ii) (P-iii) (R-iv)
(3) (R-i) (P-ii) (S-iii) (Q-iv)
(4) (R-i) (S-ii) (P-iii) (Q-iv)

8. Match the following
Column-I Column-II
(P) Blue green Algae (i) Pathogenes

effect some
arthropods
(Q) Baculo virus (ii) Increase organic

matters in soil
(R) Bacillus (iii) Bio control
agent

(S) Trichoderma (iv) Produced toxin
(1) (Q-i) (R-ii) (S-iii) (P-iv)
(2) (P-i) (Q-ii) (R-iii) (S-iv)
(3) (Q-i) (P-ii) (R-iv) (S-iii)
(4) (R-i) (S-ii) (P-iii) (Q-iv)

9. Effluent means....
(1) Water remaining under the primary
sludge.
(2) Solid compounds of the sedimentation
(3) Water remaining over the primary
sludge
(4) Flocs forms from the primary sludge

10. Which is correct sequence for
purification process of STPs ?
(1) Primary Sludge-Effluent-Flocs -
Active Sludge -Biogas
(2) Flocs -Primary Sludge - Effluent -
Active Sludge - Biogas
(3) Primary Sludge - Effluent - Active
Sludge - Flocs - Biogas
(4) Effluent- Flocs - Primary Sludge -
Active Sludge - Biogas

11. Find odd group out :-
(1) Carbomycin, bactitracin, tetracycline,
fumagillin
(2) Butyric acid, Isotric acid, Lectic acid,
Malic acid
(3) Amylase, Protease, Lipase, Cellulase
(4) Glucoamylase, Renin, Glucose
Oxidase

12. If wheat field is inoculated with
Rhizobium
(1) Soil will become nitrogen rich
(2) No effect on soil nitrogen
(3) Soil will be depleted of nitrogen
(4) Soil will become rich in calcium

13. VAM is
(1) Vesicular-arbuscular mycorrhiza
(2) Variable adenine mutation
(3) Variable associative mutualism
(4) Vitamins and minerals

14. Aquatic fern which is an excellent
biofertilizer
(1) Salvinia (2)Azolla
(3) Marsilea (4)Pterideium

15. Roquefort cheese is ripened by growing

1) Bacteria 2) Yeast
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3) Chlorella 4) Fungi

16. Pick the correct set for economic value of
these microbes

A. Trichoderma 1.Biogas production

B. Bacillus 2. Lactic acid

thuringiensis formation

C. Methobacterium 3. Biological
control

D. Lactobacillus 4. Insect resistant
crops

5. Butyric acid

formation

A B C D

(1) 4 3 2 5

(2) 4 3 1 5

(3) 3 4 1 5

(4) 3 4 1 2
17. Match the following and choose the correct

combination from the options given
Column I Column II
a. Anabaena 1. Bioherbicide
b. Nicotine 2. Insect hormones
c. Phytophthora 3. N a t u r a l
insecticide
palmivora
d. Pheromones 4. Bio fertilizer
(1) a = 4, b = 3, c = 1, d = 2
(2) a = 2, b = 1, c = 3, d = 4
(3) a = 3, b = 1, c = 2, d = 4
(4) a = 1, b = 2, c = 3, d = 4

18. The correct matching set is
A. Azospirillum 1. Free diazotroph
B.Glomus 2. Biocontrol agent
C. Anabaena 3. Forms mycorrhiza
D. NPV 4. Symbiotic
cyanobacteria 5. Biopesticide

A B C D
(1) 1 3 4 5
(2) 1 3 4 2
(3) 3 1 5 4
(4) 1 2 3 4

19. Study the following statements and select
the correct ones.
(i) Methanogens are archaebacteria
which fixes atmospheric nitrogen
(ii) Nostoc is a filamentous blue green
alga which fixes atmospheric nitrogen

(iii) Mycoplasma lack a cell wall and can
survive without oxygen
(1) (i) and (ii) (2) (i) and (iii)
(3) (ii) and (iii) (4) (i) , (ii) and (iii)

20. Which one of the following is wrongly
matched

(1) Methanogens - Gobar gas

(2) Yeast - Ethanol

(3) Streptomycetes - Antibiotic

(4) Coliforms - Vinegar
21. Pasteurised milk contain

(1) Citric acid (2)Lactic acid
(3) Acetic acid (4)All the above

22. Pasteurised milk is
(1) Sterile and pocess pathogenic
bacteria
(2) Free from pathogenic bacteria
(3) Not free from bacteria
(4) Both 1 and 2

23. The large holes in cheddar cheese (swiss
cheese) are formed due the amount of
CO2 released by a bacterium named.
(1) Leuconostoc mesenteroids
(2) Streptococcus
(3) Zymomonas mobilis
(4) Propionibacterium sharmanii.

24. In vinegar production, the first step is
carried out by
(1) Saccharomyces ellipsoidans
(2) Acetobactor
(3) Gluconobacter (4)Rhizopus

25. Which of the option shows following
example in ascending order in terms of
BOD
(i) Distilled water (ii) Tap water
(iii) Sewage wastes drained in river
(1) i - ii - iii (2) ii - i - iii
(3) iii - i - ii (4) iii - ii - i

26. Consider the following statements (A-D)
about organic farming
(A) Utilises genetically modified crops
like Bt cotton
(B) Uses only naturally produced inputs
like compost
(C) Does not use pesticides and urea
(D) Produces vegetables rich in vitamins
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and minerals
Which of the above statements are correct
(1) B and C only (2)A and B only
(3) B, C and D (4)C and D only

27. Single cell proteins are obtained from
1) microorganisms 2) enzymes
3) antibiotics 4) toxins

28. Which of the following is/are true ?
a) Biowar –Biowar is the use of biological
weapons against humans and or their crops
and animals.
b) Bioethics–Bioethics is the unauthorised
use of bioresources and traditional
knowledge related to bioresources for
commercial benefits
c) Biopatent–Exploitation of bioresources
of other nations without proper
authorisation
(1) b only (2)a only
(3) a and b only (4) c only
STATEMENT TYPE OF QUESTIONS:

. Read the following statments and find the
correct answer as given below
1) Statement-I is correct Statement-II is
incorrect
2) Statement-I is incorrect Statement-II is
correct
3) Both statemets are correct
4) Both statements are incorrect

29. Statement I: Penicillin is obtained from
pencillium notatum
Statement II: Pencillium notatum is a
bacterium

30. Statement I: Methenobaterium involved in
biogas production
Statement II: Methanobacterium is a
methenogenic bacterium

31. Statement I: Saccharomyces cerevisiae is
involved in bread making
Statement II: Saccharomyces is also called
bewers yeast

32. Statement I: Streptokinase is obtained from
Streptococcus bacterium
Statement II: Streptokinase is an immuno
suppressive agent

33. Statement I: Monascus purpureus is a fungi
Statement II: Monascus purpureus is
involved in the production of statins

34. Statement I: Secondary  treatment of
sewage is also called biological treatment
Statement II: As microbes involved in the
secondary treatment

35. Statement I: Azotobacter is a nitrogen fixer
Statement II: Azotobacter is a free living
aerobic bacterium

36. Statement I:  Rhizobium bacterium invoved
in nitrogen fixation
Statement II: Rhizobium bacterium is a free
living anaerobic bacterium

37. Statement I: Glomus is a endomycorrhiza
Statement II: Glomus increase the
Phosphate ion absorption

38. Statement I: Microbes like bacteria and
fungi can be grown on nutrient media to
form colonies
Statement II: Microbes like bacteria and
fungi never seen with out naked eye

39. Statement I: LAB bactirem convert milk
into curd
Statement II: LAB play very beneficial role
in checking disease causing microbe in
stomach

40. Statement I: “Roquefort cheese” are
Ripened by growing specific bacteria on
them
Statement II: Large holes in swiss chees
are due to production of large amount of
CO2 by a bacterium named
Propionibacterium sharmanii

41. Statement I: Wine and beer are produced
without distillation process
Statement II: Whisky and brandy are
produced with distillation process

42. Statement I: Primary treatement involved
in fitration and sedimentation
Statement II: Microbes do not involved in
secondary treatment

43. Statement I:Methanobacterium commonly
found in the anaerobic sludge during
sewage treatement
Statement II: Methanobacteria involved in
the break down of cellulose and play a role
in the nutrition of cattles

44. Statement I: Nucleopolyhedro virus act as
biocontrol agent
Statement II: Nucleopolyhedro virus have
no negative impact on plants, mammals,
birds, fish etc.

45. Statement I: Cyanobacteria increase the
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yeild of paddy
Statement II: Nostoc and Anabaena
increase the fertility of the soil

46. Statement I: Many members of the genus
Glomus form mycorrhiza
Statement II: The fungal symbiont in these
associtation increase the phosphate level
in the crop plant

KEY

01) 1 02) 1 03) 4 04) 2 05) 4
06) 2 07) 4 08) 3 09) 3 10) 1
11) 2 12) 2 13) 1 14) 2 15) 4
16) 4 17) 1 18) 1 19) 3 20) 4
21) 4 22) 2 23) 4 24) 2 25) 1
26) 1 27) 1 28) 3 29) 1 30) 3
31) 3 32)  1 33) 3 34) 3 35) 3
36) 1 37) 3 38) 1 39) 3 40) 2
41) 3 42) 1 43) 3 44) 3 45) 3
46) 3

QUESTION BANK - II
1. Yeast is used in preparation of

(1) Acetic acid (2)Curd
(3) Ethyl alcohol (4)Cheese

2. Scientist first to isolate streptomycin was
        [BHU 2007]

(1) Fleming (2)Koch
(3) Burkholder (4)Waksman

3. Penicillin was discovered by
(1) Fleming (2)Waksman
(3) Burkholder (4)Dubois

4. Bacterial leaf blight of rice is caused by a
species of:       [CBSE 2008]
(1) Envinia (2)Xanthomonas
(3) Pseudomonas (4)Alternaria

5. Which one of the following is being tried
in India as a biofuel substitute for fossil
fuels?            [CBSE 2008]
(1) Aegilops (2)Jatropha
(3) Azadirachta (4)  Musa

6. Trichoderma harzianum has proved a
useful microorganism for :

      [CBSE 2008]
(1) Biological control of soil-borne plant
pathogens

(2) Bioremediation of contaminated soils
(3) Reclamation of wastelands
(4) Gene transfer in higher plants

7. Which one of the following proved
effective for biological control of
nematodal diseases in plants ?
            [CBSE 2008]
(1) Paecilomyces lilacinus
(2) Pisolithus tinctorius
(3) Pseudomonas cepacia
(4) Gliocladium virens

8. Genetically engineered bacteria are being
employed to product of

                                                  [WB JEE 2009]
(1) thyroxine (2)human insulin
(3) certisol (4)epinephrine

9. Somaclones are obtained by
    [AIPMT 2009]

(1) irradiation (2)g e n e t i c
engineering
(3) tissue culture (4)plant breeding

10. Which of the following is a symbiotic
nitrogen fixer?     [AIPMT 2009]
(1) Frankia (2)Azolla
(3) Glomus (4)Azotobacter

11. Slect the correct statement from the
following : [CBSE-Pre 2010]
(1) Biogas commonly called gobar gas, is
pure methane
(2) Activated sludge-sediment in settlement
tanks of sewage treatment plant is a rich
source of aerobic bacteria
(3) Biogas is produced by the activity of
aerobic bacteria on animal waste
(4) Methanobacterium is an aerobic
bacterium found in rumen of cattle

12. A common biocontrol agent for the control
of plant diseases is : [CBSE-Pre 2010]
(1) Glomus (2)Trichoderma
(3) Baculovirus (4) B a c i l l u s
thuringiensis

13. Stirred-tank bioreactors have been
designed for : [CBSE-Pre 2010]
(1) Ensuring anaerobic conditions in the
culture vessel
(2) Availability of oxygen throughout the
process
(3) Addition of preservatives to the product
(4) Purification of the product

14. The species of Saccharum originally grown
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in India was :      [DPMT 2010]
(1)  S. officinarum (2)S. barberi
(3) S. boulardii (4)S. munja

15. Single cell protein refers to[DPMT 2010]
(1) a specific protein extracted from pure
culture of single type of cells
(2) sources of mixed proteins extracted
from pure or mixed culture of organisms
or cells
(3) proteins extracted from a single cell.
(4) a specific protein extracted from a
single cell JBH 30

16. Trichoderma species are potentially useful
as :     [DPMT 2010]
(1) Biopesticides (2)Biofertilizers
(3) Methanogens
(4) Vectors for genetic engineering

17. Which of the following is not used as bio
weapon ?     [DPMT 2010]
(1) Bacillus anthracis
(2) Botulinum toxin
(3) Bacillus thuringiensis toxin
(4) Smallpox

18. Rotenone is a :     [DPMT 2010]
(1) bioherbicide
(2) commonly used biofertilizer
(3) bioinsecticide (4) juvenile hormone

19. Bacillus thuringiensis is used to control :
     [DPMT 2010]

(1) bacterial pathogens
(2) fungal pathogens
(3) nematodes (4) insect pests

20. Probiotics are :      [DPMT 2010]
(1) cancer inducing microbes
(2) safe antibiotics
(3) food allergens
(4) live microbial food supplements

21. An organism used as a biofertilizer for
raising soyabean crop is :
                                   [AIPMT Pre. 2011]
(1) Rhizobium (2)Nostoc
(3) Azotobacter (4)Azospirillum

22. Ethanol is commercially produced through
a particular species of :
                                   [AIPMT Pre. 2011]
(1) Trichoderma (2) Aspergillus
(3) Saccharomyces (4) Clostridium

23. Secondary sewage treatment is mainly a :
  [AIPMT Pre. 2011]
(1) Chemical process

(2) Biological process
(3) Physical process
(4) Mechanical process

24. Which one of the following is a wrong
matching of a microbe and its industrial ‘
product, while the remaining three are
correct ?     [AIPMT 2011]
(1) Yeast - statins
(2) Acetobacter aceti - acetic acid
(3) Clostridium butylicum - lactic acid
(4) Aspergillus niger - citric acid

25. Measuring Biochemical Oxygen Demand
(BOD) is a method used for
                                            [CBSE-2012]
(1) Working out the efficiency of R.B.C’s
about their capacity to carry oxygen
(2) Estimating the amount of organic matter
is sewage water
(3) Working out the efficiency of oil driven
automobile engines.
(4) Measuring the activity of
Sacccharmyces cerevisiae in producing
curd on a commerical scale

26. Yeast is used in the production of
                                                                        [CBSE-

2012]
(1) Cheese and butter
(2) Citric acid and lactic acid
(3) Lipase and pectinase (4) Bread
and beer

27. Which one of the following is wrong
statement?       [CBSE-2012]
(1) Nitrosomonas and Nitrobacter are
chemoautotrophs
(2) Anabaena and Nostoc are capable of
fixing nitrogen in free-living state also
(3) Root nodule forming nitrogenfixers live
as aerobes under free-living conditions.
(4) Phosphorous is a constituent of cell
membranes, certain nucleic acids and all
proteins

28. The most abundant prokaryotes helpful to
humans in making curd from milk and in
production of antibiotics are the ones
categroised as       [CBSE-2012]
(1) Heterotrophic bacteria
(2) Cyanobacteria ( 3 )
Archaebacteria
(4) Chemosynthetic autotrophs
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29. A nitrogen-fixing microbe associated with
Azolla in rice fields is       [CBSE-2012]
(1) Tolypothrix
(2) Spirulina
(3) Anabaena
(4) Frankia

30. The first stable product of fixation of
atmospheric nitrogen in leguminous plants
is       [NEET 2013]
(1) 2NO (2)Ammonia
(3) 3NO (4)Glutamate

31. During sewage treatment, biogases are
produced which include      [NEET 2013]
(1) methane, oxygen, hydrogen suhlphide
(2) hydrogen sulphide, methane, sulphur
dioxide
(3) hydrogen sulphide, nitrogen, methane
(4) methane, hydrogen sulphide, carbon
dioxide

32. A good producer of citric acid is  [NEET
2013]
(1) Pseudomonas (2) Clostridiuim
(3) Saccharomyces (4) Aspergillus

33. What gases are produced in anaerobic
sludge digesters? [AIPMT 2014]
(1) Hydrogen Sulphide and CO

2

(2) Methane and CO
2
 only

(3) Methane, Hydrogen Sulphide and CO
2

(4) Methane, Hydrogen Sulphide and O
2

34. Match the following list of microbes and
their importance: [AIPMT 2015]

a) Saccharomyces cervevisiae

b) Monascus purpureus

c) Trichoderma polysporum

d) Propionibacterium sharmanii

1) productiion of immunosuppressive
agents

2) Ripening of swiss cheese

3) Commercial production fo ethanol

4) production of blood cholesterol lowering
agents

(a) (b) (c) (d)

(1)(3) (1) (4) (2)

(2) (3) (4) (1) (2)

(3) (4) (3) (2) (1)

(4) (4) (2) (1) (3)

35. Which one of the following statements is
wrong? [AIPMT 2015]
(1) Chlorella and Spirulina are used as
space food
(2) Mannitol is stored food in
Rhodophyceae
(3) Algin and carragen are products of algae
(4) Agar-agar is obtained from Gelidium
and Gracilaria

36. Which of the following is wrongly matched
in the given table?  [NEET 2016-I]

 Microbe Product Application 
1 Trichoderma 

polysporum 
Cyclosporin  
A 

Immunosupp
ressive drug 

2 Monascus 
 purpurens 

Statins Lowering of 
blood 
cholesterol 

3 Streptococcus Streptokinase Removal of 
clot from 
blood vessel 

4 Clostridium 
 butylicum 

Lipase Removal of 
oil strains 

 
37. Match Column-I with Column-II and select

the correct option using the codes given below
:
Column-I  Column-II
a. Citric acid (i) Trichoderma
b. Cyclosporin A (ii) Clostridium
c. Statins (iii) Aspergillus
d. Butyric acid (iv) Monascus
Codes :

          [NEET 2016-II]
 a   b   c   d   a   b   c   d

(1) (iii) (i) (ii) (iv)  (2) (iii) (i) (iv) (ii)
(3) (i) (iv) (ii) (iii) (4) (iii) (iv) (i) (ii)

38. Which of the following correctly matched
for the product produced by them?
                                            [NEET 2017]
(1) Methanobacterium - Latice acid
(2) Penicillium notatum - Acetic acid
(3) Saccharomyces cerevisiae - Ethanol
(4) Acetobacter aceti - Antibiotics

39. Which of the following in sewage treatment
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removes suspended solids?
                                           [NEET 2017]
(1) Secondary treatement
(2) Primary treatement
(3) Sludge treatement
(4) Tertiary treatment

40. Mycorrhizae are the example of :
      [NEET 2017]

(1) Amensalism (2) Antibiosis
(3) Mutualism (4) Fungistasis

41. Match column-I (microbes) to the column-II
(biological products) and select the option
having correct matching

     [AIIMS 2018]
A) Acetobactor    I) Citric acidacetie
B) Clostridium    II) Lactic acid
butylicum
C) Aspergillus niger III) Acetic acid
D) Lactobacillus   IV) Butyric acid
1) A-III, B-I, C-III, D-IV
2) A-III, B-II, C-I, D-IV
3) A-III, B-IV, C-I, D-II
4) A-IV, B-III, C-II, D-I

42. Conversion of milk to curd improves its
nutritional value by increasing the amount
of       [NEET-2018]
(1) Vitamin D (2) Vitamin A
(3) Vitamin B12 (4) Vitamin E

43. Which of the following is a commercial
blood cholesterol lowering agent?

     [NEET-2019]
1) Cyclosporin A 2) Statin
3) Streptokinase 4) Lipases

44. Select the correct group of biocontrol agents
     [NEET-2019]

1) bacillus thuringiensis, Tobacco mosaic
virus, Aphids
2) Trichonderma, Baculovirus, Bacillus
thuringiensis
3) Oscillatoria, Rhizobium, Trichoderma
4) Nostoc, Azospirillium, Nucleopolyhe-
drovirus

45. Match the following organisms with the
products they produce       [NEET-2019]
a) Lactobacillus i) Cheese

b) Saccharomyces ii) Curd
cerevisiae
c) Aspergillus niger iii) Citric acid
d) Acetobacter aceti iv) bread

v) Acetic acid
Select the correct option
1) a-ii, b-iv, c-v, d-iii
2) a-ii, b-iv, c-iii, d-v
3) a-iii, b-iv, c-v, d-i
4) a-ii, b-i, c-iii, d-v

46. Which of the folowing can be used as a
biocontrol agent in the treatment of plant
disease?       [NEET-2019]
1) Trichoderma 2) Chlorella
3) Anabaena 4) Lactobacillus

47. A biocontrol agent to be a part of an
integrated pest management should be

[NEET-2019 ODISHA]
(1) Species-specific and inactive on
nontarget organisms
(2) Species-specific and symbiotic
(3) Free living and broad spectrum
(4) Narrow spectrum and symbiotic

KEY
QUESTION BANK - 1

01) 4 02) 1 03) 1 04) 3 05) 1
06) 1 07) 1 08) 4 09) 1 10) 4
11) 2 12) 2 13) 3 14) 1 15) 2
16) 3 17) 3 18) 4 19) 3 20) 3
21) 1 22) 3 23) 3 24) 3 25) 2
26) 2 27) 3 28) 3 29) 2 30) 1
31) 2 32) 1 33) 2 34) 1 35) 2
36) 4 37) 2 38) 2 39) 4 40) 1
41) 4 42) 4 43) 4 44) 3 45) 4
46) 3 47) 3 48) 1 49) 4 50) 1
51) 3 52) 4 53) 3 54) 2 55) 3
56) 2 57) 2 58) 1 59) 3 60) 2
61) 2 62) 3 63) 2 64) 3 65) 3
66) 1 67) 1 68) 3 69) 3

QUESTION BANK - 2

71) 3 72) 2 73) 4 74) 3 75) 2
76) 4 77) 4 78) 1 79) 4 80) 2
81) 2 82) 1 83) 2 84) 3 85) 1
86) 2 87) 2 88) 4 89) 3 90) 2
91) 1 92) 4 93) 1 94) 2 95) 1
96) 2 97) 2 98) 2 99) 4 100) 3
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101) 2 102) 4 103) 1 104) 2 105) 4
106) 3 107) 2 108) 2 109) 4 110) 1
111) 1 112) 2 113) 1 114) 3 115) 2
116) 1 117) 2 118) 4 119) 4 120) 2
121) 1 122) 2 123) 1

QUESTION BANK - 3

01) 3 02) 4 03) 1 04) 2 05) 2

06) 1 07) 1 08) 2 09) 3 10) 1
11) 2 12) 2 13) 2 14) 2 15) 1
16) 1 17) 3 18) 3 19) 4 20) 4
21) 1 22) 3 23) 2 24) 3 25) 2
26) 4 27) 4 28) 1 29) 3 30) 2
31) 4 32) 4 33) 3 34) 2 35) 2
36) 4 37) 2 38) 3 39) 2 40) 3
41) 3 42) 3 43) 2 44) 2 45) 2

46) 1 47) 1
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CH:11- BIOTECHNOLOGY PRINCIPLES AND PROCESSES
INTRODUCTION

* Biotechnology is an application to industry of advance made in the techniques and instrument
of research in the biological science

* The origin of biotechnology lies deep in human history.

* It is use of living organism or substances obtained from them in industrial processes

* Natural science became anthropocentric since the days of Rene Descartes, a french philosopher
of 17th century.

* Major utility of the biological world is as a source of food.

* Herbert Boyer Performed studies on a couple of restriction enzymes of the E. coli bacterium
with especially useful properties.

* Boyer observed that these enzymes have the capability of cutting DNA strands in a
particular fashion, which left what has become known as ‘sticky ends’ on the strands.

* These clipped ends made pasting together pieces of DNA a precise exercise.

* Cohen had been studying small ringlets of DNA called plasmids which float about freely in
the cytoplasm of certain bacterial cells and replicate independently from the coding strand of
DNA.

* Cohen had developed a method of removing the plasmids from the cell and then reinserting
them in other cells.

* Combining this process with that of DNA splicing enabled Boyer and Cohen to recombine
segments of DNA in desired configurations and insert the DNA in bacterial cells, which
could then act as manufacturing plants for specific proteins.

* Biotechnology deals with techniques of using live organisms or enzymes from organisms to
produce products and processes useful to humans.

* In this sense, making curd, bread or wine, which are all microbe mediated processes, could
also be considered as a form of biotechnology.

* Further, many other processes/techniques are also included under biotechnology

* For example, in vitro fertilisation leading to a ‘test-tube’ baby, synthesizing a gene and using
it, developing a DNA vaccine or correcting a defective gene, are all part of biotechnology

* The European Federation of Biotechnology (EFB) has given a definition of biotechnology
that combines both the traditional view and the modern molecular emphasis. The definition
given by EFB is as follows:

* “The integration of natural science and organisms, cells, parts thereof, and molecular analogues
for products and services”.

* This means biotechnology is a science which utilizes properties and uses of microorganisms
or exploits cells and the cell constituents at the industrial level for generating useful products
essential to life and human welfare

PRINCIPLES OF BIOTECHNOLOGY

Among many, the two core techniques that enabled birth of modern biotechnology are

A) Genetic Engineering: Techniques to alter the chemistry of genetic material (DNA or
RNA), to introduce these into host organisms and thus change the phenotype of the host
organism.
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B)  Tissue culture: Maintenance of sterile (microbial contamination free) atmosphere in
chemical engineering processes to enable growth of only the desired microbe or eukaryotic
cell in large quantities for the manufacture of  biotechnological products like antibiotics,
vaccines, enzymes etc.,

CONCEPTUAL DEVELOPMENT OF THE PRINCIPLES OF GENETIC ENGINEERING:

* Sexual reproduction provides opportunities for variations and formation of unique combinations
of genetic setup, some of which may be beneficial to the organism as well as the population.

* Asexual reproduction preserves the genetic information, while sexual reproduction permits
variation.

* Traditional hybridization procedures used in plant and animal breeding results in the appearance
of undesirable genes with desired genes. This is natural recombination of genes which occurs
during meiotic crossing over.

* In contrast, the techniques of genetic engineering which include creation of recombinant DNA,
use of gene cloning and gene transfer, overcome this limitation and permits us to isolate and
introduce only one or a set of desirable genes without introducing undesirable genes into the
target organism.

* For the multiplication of any alien piece of DNA in an organism it needs to be a part of a
chromosome (s) which has a specific sequence known as ‘origin of replication’(ori).

* Thus, an alien piece of DNA, linked with ori, can replicate and multiply itself in the host
organism. This can also be called as cloning or making multiple identical copies of any
template DNA.

CLONE:

A collection of genetically identical cells or organisms derived from a common parent where
all members have similar genetic composition.

Construction of first recombinant DNA :

* The construction of the first recombinant DNA emerged from the possibility of linking a gene
encoding antibiotic resistance with a native plasmid (autonomously replicationg circular extra
-chromosomal DNA) of Salmonella typhimurium.

* Stanley N. Cohen and Herbert Boyer accomplished this in 1972 by isolating the antibiotic
resistant gene by cutting out a piece of DNA from a plasmid which was responsible for
conferring antibiotic resistance.

* The cutting of DNA at specific locations became possible with the discovery of the so called
‘molecular scissors’ - restriction enzymes

* The cut piece of DNA was then linked with the plasmid DNA. These plasmid DNAs act as
vectors to transfer the piece of DNA attached to it.

* A plasmid can be used as vector to deliver an alien piece of DNA into the host organism.

* The linking of antibiotic resistance gene with the plasmid vector became possible with the
enzyme  DNA ligase, which acts on cut DNA molecules and joins their ends.

* This makes a new combination of circular autonomously replicating DNA created invitro and
is known as recombinant DNA.

* When this DNA is transferred into Escherichia coli, a bacterium closely related to Salmonella,
it could replicate using the new host’s DNA polymerase enzyme and make multiple copies.



108

* The ability to multiply copies of antibiotic
resistance gene in E.coli. was 

.
called

cloning of antibiotic resistance gene in
E.coli

* There are three basic steps in genetically-

modifying an organism (GMO)

(i) Identification of DNA with desirable
genes

(ii) Introduction of the identified DNA into
the host

(iii) Maintenance of introduced DNA in
the host and transfer of the DNA to its
progeny.

TOOLS OF RECOMBINANT DNA
TECHNOLOGY

* The key tools of genetic engineering or r-
DNA technology are restriction enzymes,
polymerase enzymes, ligases, vectors and
the host organism.

RESTRICTION ENZYMES

* In the year 1963, the two enzymes respon-
sible for restricting growth of bacterioph-
ages in Escherichia coli were isolated.
One of these added methyl groups to host
DNA, while the other cut DNA. The later
was called restriction endonulease.

* One of the two enzymes by which the host
DNA is methylated is a modification
enzyme (a methylase). This enzyme pro-
tects the host DNA from the restriction
enzyme’s activity. Collectively these two
processes (cutting the DNA of invading
viruses and methylation of host DNA) form
the restriction modification system.

* A restriction enzyme or restriction endonu-
clease is an enzyme that binds on DNA at a
specific sequence called  recognition
sequence or recognition site and cuts DNA
at a specific site called restriction se-
quence or restriction site. Such enzymes,
found in bacteria and Archaea, are thought
to have evolved to provide a defense
mechanism against invading viruses (bac-
teriophages). Inside a bacterial host, the
restriction enzymes selectively cut foreign

DNA in a process called restriction.

 For the first isolation of a restriction
enzyme, Hind II in 1970, and the subse-
quent discovery and characterization of
numerous restriction endonucleases, the
1978 nobel prize for physiology or medi-
cine was awarded to Daniel Nathans,
Werner Arber and Hamilton O.Smith.
Their discovery led to the development of
recombinant DNA technology that allowed
the large scale production of human insulin
(humulin) for diabetes using E.coli bacte-
ria. Hind II* always cut DNA molecules at
a particular point by recognising a specific
sequence of six base pairs

1 1
Y U5 ...GTP P AC...3

1 1
U Y3 ...C TP P TG...5

P
y
 = Pyrimidine (T or C)

P
u
 = Purine (A or G)

* This specific base sequence is known as
the recognition sequence for Hind II.

* Besides Hind II, more than 900 restriction
enzymes have been isolated from over 230
strains of bacteria each of which recognise
different recognition sequences.

Nomenclature :
* Each restriction enzyme is named after the

bacterium from which it was isolated using
a naming system based on bacterial genus,
species and strain.

* For example, the name of the EcoRI re-
striction enzyme was derived as shown in
the box.

Derivation of the EcoR1 name
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Derivation of the EcoR1 name
Abbreviation Meaning Description   

 E Escherichia    Genus

 co coli     Species

      R RY13 Strain

     I First identified Order of identification in the bacterium

* Roman numbers following the names indicate the order in which the enzymes were isolated
from that strain of bacteria.

EcoRI pronounced as “eco-r-one”

Action of Restriction enzyme

The enzyme cuts both DNA 
strands at the same site

Vector DNA Foreign DNA 

EcoRI

G

G

G G

A

A

A

A

T

T

T

T

C

C

C

Sticky end

Sticky end
DNA fragments join at sticky ends

Recombinant DNA

EcoRI cuts the DNA between bases 
G and A only when the sequence 
GAATTC is present in the DNA

A AT T A A T T

C

A AT TC

G A A T T

Steps in formation of recombinant DNA by action of reaction endonuclease enzyme -
EcoRI

Restriction enzymes belong to a larger class of enzymes called nucleases. These are of three
types of nucleases in prokaryotes.

1. Exonucleases 2. Endonucleases. 3. Restriction Endonucleases

1) Exonucleases :

These enzymes act upon genome and digest

the base pairs on 51 or 31 ends of a single  stranded DNA or at single strand nicks or gaps in
double stranded DNA. These are present both in prokaryotes & eukaryotes.
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ds DNA

3151

31 51

Exnuclease

51

51

5 1

31

31

3 1

2) Endonucleases :

* These enzymes cut DNA at any site either at internal position or at terminal positions. These are
present both in prokaryotes & eukaryotes.

3) Restriction Endonucleases

* These restriction enzymes make cuts at specific positions within the DNA. There are three types
of restriction endonucleases, designated I, II and III.

 These enzymes are present only in prokaryotes such as Bacteria and Archea.

 Type I and Type III are generally large, multisubunit complexes containing both the
endonuclease and methylase activities.

 Type I and Type III restriction enzymes possess recognition and restriction sites separately
apart from each other.

 Type II restriction enzymes possess restriction sites with in recognition sites and hence these
are only used in genetic engineering experiments.

CLEAVAGE PATTERNS:
1.Staggered cut

Some enzymes make staggered cuts on the two DNA strands, leaving two to four nucleotides of
one strand unpaired at each resulting end. These unpaired strands are referred to as ‘stickyends’
or ‘cohesive ends’. Because they can base pair with each other or with complementary sticky
ends of other DNA fragments.

Staggered cut : Symmetrically cleaved phosphodiester bonds that lie on both the strands on
DNA duplex not opposite to one another.

51

51

51 A

A

A

A

T TA A A

A

A

A

A

A

A

A

A

A

A

A

C

CC

C

C

C

C

G

G

C

C

C C

C

C

C

T

T

T

T

A AT T T

T

T

T

T

T

T

T T

T

T

T

G

GG

G

G

G

G

C

C

G

G

G G

G

G

G

51

51

E RI cleavageco

51

31

31

31

31

31

 Staggered cleavage of a double stranded DNA fragment, producing single stranded sticky ends

2. Even cut :

Other restriction endonucleases cleave both strands of DNA at the opposing phosphodiester
bonds leaving no unpaired bases on the ends, often called blunt ends or flush ends

Even cut : Symmetrically cleaved phosphodiester bonds that lie on both the strands on DNA
duplex opposite to one another.

Blunt end: The ends of a dsDNA that do not possess sticky ends i.e., single stranded
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bases.

51
5151 A T TA GG C C

T A AT CC G G

51

5151

Blunt endsEvent cut

31
3131

3131

* DNA cleavage by restriction endonucleases resulting in blunt ends. The vertical arrows
indicate the site of cut in DNA strand

* Each restriction endonuclease functions by ‘inspecting’ the length of DNA sequence. After
finding its specific recognition sequence, it binds to the DNA and cut each of the two strands of
the DNA double helix at specific points in sugar - phosphate back bones. Each restriction
endo-nuclease recognises a specific palindromic nucleotide sequences in the DNA double
helix.

PALINDROMIC SEQUENCE

* A palindrome is a word, phrase, number or sequence of units that can be read the same way in
either direction, with general allowances for adjustments to punctuation and word dividers.

* “MALAYALAM”, the native tongue of the people of Kerala, is the longest palindromic name.

Eg.   MANDMADA DNA


* The meaning of Palindrome in the context of genetics is slightly different from the definition used
for words and sentences.

* Palindromic sequence is a nucleic acid sequence (DNA or RNA) that is the same whether read 51

(Five - prime) to 31 (three - prime) on one strand and 51 to 31 on the complementary strand with
which it forms a double helix. This is also true if read in the 31 to 51 direction.

GAA

AAG
line of symmetry
TTC

CTT31

31

51

51

* Restriction enzymes cut (staggered) the strand of DNA a little away from the centre (around the
line of symmetry) of a palindrome site, but between the same two bases on the opposite strand. It
creates sticky ends with 51 end over hangs. These over hanging stretches are called sticky ends.
These are so named because they form hydrogen bonds with their complementary cut counterparts.

* This stickiness of the ends facilitates the action of the enzyme DNA ligase (Molecular
glue).

* When the DNA from different sources (unrelated species) cut by the same restriction enzyme. the
resultant DNA fragments have the same kind of ‘sticky ends’ and these can be joined (ligation)
together readily by using DNA ligases..

* Two distinct samples (A & B) of DNA are cleaved with the same restriction enzyme (EcoRI).
The fragments from sample ‘A’ readily join with those from sample ‘B’ due to their cohesive (or
sticky = complementary) protruding ends.

* This property of the restriction enzymes is of great value for the construction of recombinant
DNA.
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* A recombinant vector molecule (rDNA) cannot be created when the vector and source DNA are
cut by different restriction enzymes.

* The DNA insert is prepared by using one restriction enzyme, while the vector is opened with
another enzyme. This generates cohesive ends in the vector and the insert, which are
unmatched.

* Can you caluculate theoretically how frequent is the EcoRI recognition sequence in a DNA?
* There are  four types of nucleotides in DNA. hence probability that any one of these occurs at

a place is 1/4
* Assuming that the occurence of bases in adjacent positions is random, the probability that

GAATTC occurs is  6
1/ 4 or once in a stretch of 4096 nucleotides

* However, in reality the location and frequency of such sequences in a given genome in not
random but species specific.

Recognition Sequences
Cleavage site

Chromosomal
DNA

AACCACA

AACCACAG

ACCAC

ACCACACACC G

TTGGTGT

TTGGTGTC

DNA insert /
gene of interset

Ligation

Plasmid cloning vector 
cleaved with E RIco

DNA ligase
Establishment of 
covalent bonds

Recombinant 
vector

TTAA

TGGTG

TGGTGGTGTGG

G AATT C G AATT C
C TTAA G

 AATTC AATTC

C TTAA G

C TTAA G

ACACC
TGTGG

Cleavage site

(A)

(B)

E RI restriction endonucleaseco

G G

G

G

C C

C C

51

51

51

51

51

5131

31

31

31

31

31

A A
 T T

T 
T A AA A T T

A
  A

  T
  T

A
  A

  T
  T

GTGTGGC
T

TA
A

Figure : Diagrammatic representation of recombinant DNA technology
SEPARATION AND ISOLATION OF DNA FRAGMENTS:
* The cutting of DNA by restriction enzymes results in the formation of DNA fragments.
* A family of DNA fragments produced by the action of one restriction enzyme differ from that

produced by the action of another restriction enzyme.
* The size of DNA fragments varies with the distance between two adjacent identical specific

sequences found along the DNA.
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* These fragments can be separated by a technique known as Gel Electrophoresis.
* It is one of the most widely used techniques in molecular biology.
* Electrophoresis is the standard method for analysing, identifying, and purifying fragments of

DNA or RNA that differ in size, charge or conformation.
* Agaros gel electrophoresis is a procedure which enables the sorting of molecules based on

size.
* Since nucleic acids are negatively charged (due to the phosphate in the sugar phosphate

backbone) molecules, the DNA fragments can be separated by forcing them to move towards
positive electrode (anode) under an electric field through a medium or matrix.

Agarose gel electrophoresis
* The most commonly used matrix is agarose.
* Agarose is a natural polysaccharide extracted from seaweeds.
* Agarose gels are easily prepared by mixing agarose powder with buffer solution, boiling in a

icrowave to melt and pouring the gel into a mold where the agarose (generally 0.5 to 2.0%)
solidifies into a slab.

* A toothed comb forms wells in the agarose. The wells are filled with DNA samples at
cathode terminal.

* At least one well (Lane - I) will be filled with undigested DNA of known length for
comparision with those of unknown length. The agarose slab is submerged in a buffer filled
box and an electric current is passed through the gel.

* The negatively charged DNA fragments move through the gel from cathode towards anode.
* Pores between the agarose molecules act like a sieve that separates the fragments by size.

Thus fragments separate by size with the smallest pieces moving the fastest and farthest
through the gel.

* The rate of movement of fragments is inversely correlated with the size of fragments or
molecules, so that heavier fragments will remain closer to the site of loading and the lighter
fragments move away.

* The speed of migration (Electrophoretic mobility) of a fragment or molecule depends on its
charge and molecular mass.

Largest Smallest

DNA
bounds

1
2

3
4

Walls

A typical agarose gel electrophoreslsshowing nigration of undigested (lane 1) and digested
set of DNA fragments (lane 2 to 4)

 The different sized molecules fragments form distinct bands on the gel. If several samples
have been loaded into adjacent wells in the gel, they will run parallel in individual lanes.
Each lane shows separation of the components from the original mixture as one or more
distinct bands. Bands in different lanes that end up at the same distance from the top contain
fragments that passed through the gel with same speed, which usually means they are
approximately the same size.

Visualization:
* Because DNA by itself is not visible in the gel in the visible light and without staining, these

separated DNA fragments can be visualized only after stained with ethidium bromide (The
most common dye used to make DNA or RNA bands visible for agarose gel electrophoresis is
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ethidium bromide, usually abbreviated as EtBr).
* EtBr intercalates between the bases causing to fluoresence, bright orange when dye is

illuminated by ultraviolet light. The separated bands of DNA can be cut out of the agarose gel
and can then be dissolved to retrieve the purified DNA. This step is known as elution.

* Elution is a term used to describe the process of extracting one material from another by
washing with a solvent.

* The purified DNA fragments then used in construction of recombinant DNA by joining them
with cloning vectors.

CLONING VECTORS
* Vectors are those DNA molecules that can carry a foreign DNA fragment when inserted into

it.
* Vectors are also known as vehicle DNAs.

* Cloning vectors allow amplification of inserted DNA fragments. Based on the nature and sources,
the

vectors are grouped into
A)Plasmids B) Bacteriophages C) Cosmids
D) Plasmids or Phagemids E) Artificial chromosomes

F) Plant vectors - Ti plasmids and CaMV
G) Animal vectors - Retroviruses, Adenoviruses, Vaccinia viruses & SV40.
The following are the features that are required to facilitate cloning into a vector :

(i) Origin of replication (Ori)
* This is a sequence from where replication starts and helpful in the replication of foreign

DNA which is present in vector.
* This sequence is also responsible for controlling the copy number of foreign DNA. So, if one

wants to recover many copies of the target DNA it should be cloned in a vector whose origin
support high copy number.

(ii) Marker genes or Reporter genes
* These are two types, namely 1) Selectable marker genes 2) Scorable marker genes
* Selectable marker genes: are usefull for the selection or identification based on their action

against a toxic substance. Ex : ampicillin resistant gene (AmpR), Tetracylcline resistant gene
(TetR), Kanamycin resistant gene (KanR) etc.

* Scorable marker genes : are usefull for the selection or identification based on their assay
(measurement of enzyme activity) and colour. Ex : Lac-z (  -galactiosidase) gene, Gus-A ( -
glucosidases) gene and GFP (green flourescence proteine) gene etc.

* They help in identifying and eliminating non -transformants and selectively permitting the growth
of the transformants.

* Transformation is a procedure through which a piece of DNA is introduced in a host bacterium.

(iii) Cloning sites

* In order to link the alien DNA, the vector needs to have very few, preferably single, recognition
sitesfor the commonly used restriction enzymes.

* Presence of more than one recognition site within the vector will generate several fragments,
which will complicate the gene cloning.
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A) Plasmids

* Plasmids are naturally occurring extrachromosomal double stranded circular DNA molecules
that carry Ori and replicate autonomously within host cells. They may exist either independently
in the cytoplasm or may be integrated with the host chromosome.

* They are found in many bacteria, some yeasts and fungi. They are maintained in a characteristic
number of copies in a bacterial cell, yeast cell or even in organelles found in eukaryotic cells.
 These plasmids can be single copy plasmids that are maintained as one plasmid DNA per cell
or multicopy plasmids, which are maintained as 10 - 20 genomes (copies) per cell.

* Some plasmids may have only one or two copies per cell whereas others may have 15-100
copies per cell. Their numbers can go even higher.

* There are also plasmids which are under relaxed replication control, thus permitting their
accumulation in very large numbers (upto 1000 copies per cell). These are the plasmids
which are used as cloning vectors, due to their increased yield potential

* Most of the naturally occuring plasmids generally do not possess all the ideal characteristics
of a cloning vector. Therefore, one may have to restructure them by inserting the genes of
relaxed replication and genes for antibiotic resistance.

* Investigators have developed many different plasmid vectors suitable for cloning by
modifying naturally occurring plasmids. The E.coli plasmid pBR 322 offers a good example
of the features useful as a cloning vector.
pBR 322

* Plasmids are named with a system of uppercase letters and numbers, where the lowercase “P”
stands for “Plasmid”.

* In the case of pBR 322, the BR identifies the original constructors of the vector  (Bolivar and
Rodriguez) and 322 is the identification number of the specific plasmid. i.e  the numeral
‘322’distinguishes this plasmid from the other plasmids developed in the same laboratory. e.g..
pBR 325,pBR327, pBR 328, etc.

* pBR 322 contains, eight cleavage sites for specific endonucleases, two antibiotic resistance
genes, one ‘Ori’ gene for relaxed replication and one ‘rop’ codes for protein essential for
replication of plasmid.

* Some other plasmid names derive from the names of the places they were developed at. e.g.,
pUC19, pUC101, get their names from University of California.

B H Iam

S  Ial

P  IIvu

ropori

pBR322

ampR tetR

p  Ist
P  Ivu

E R Ico
C Ila H d IIIin
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Fig : E.coli cloning vector pBR322 showing restriction sites (Hind III, EcoRI, Band HI,
Sal I, Pvu I, Pvu II,  Pst I,  Cla I) ori and antibiotic resistance genes ( Ramp and Rtet ) rop
codes for the proteins involved in the replication of the plasmid

RESTRICTION SITES IN pBR 322

Restriction Enzyme Source

Eco  Escherichia coliRI  
Cla   Caryophenon latum I 
Hind  Haemophilus influenzaB III 
am   Bacillus amyloliquifaciensHI 
Sal  Streptomyces albus I  
Pvu    Protens vulgaris II
Pst I   Providencia stuarti
Pvu    Proteus vulgarisI

B) Artificial Chromosomes :
 They are prepared from 1) centromere sequences, 2) telomere sequences and 3) Ori -origin of

DNA
C) VECTORS FOR CLONING GENES IN PLANTS AND ANIMALS:

I) Agrobacterium tumefaciens mediated gene transfer in plants:
* Agrobacterium tumefaciens is a causal agent of crown gall disease in several dicot plants. It

is a rod shaped,gram - negative soil bacterium .

* The disease is caused due to the transfer of a DNA segment from the bacterium to the plant

nuclear genome. The DNA segment which is transferred is called T-DNA and is part of a large

Ti (tumour inducing) plasmid found in virulent strains of Agrobacterium tumefaciens.

Agrobacterium infection (utilizing its plasmids as vectors) has been extensively utilized for

transfer of foreign DNA into a number  of dicotyledonous species.

* The plasmid is ‘disarmed’ by deletion of the tumour inducing genes. When such disarmed

pathogen vectors (modified T i plasmid vectors ) are used and allowed to infect the cell, they

transfer the recominant DNA into the host

* This bacterium is also known as ‘natural plant genetic engineer’
II) Animal vectors : Retrovirus mediated gene transfer in animals

* Retroviruses are RNA tumor viruses.
* Retroviruses have single stranded RNA genomes.
* Retroviruses in animals have the ability to transform normal cells into cancerous cells.
* The viral genome is reverse transcribed by reverse transcriptase into a DNA double-strand
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copy inside the host cells.
* Then the DNA copy integrates into the host genome.
* Retroviruses have also been disarmed and are now used to deliver desirable genes into animal

cells

METHODS OF GENE TRANSFER (Transformation methods):
1. BACTERIAL TRANSFORMATION.
* Since DNA is hydrophilic molecule, it can not pass through cell membranes. Hydrophilic

molecules cannot easily pass through the cell membranes because the cell membrane is made
up of phospholipids and cholesterols (hydrophobic).

* The event of entering the plasmid containing foreign DNA fragment into a bacterial cells is
known as ‘Bacterial transformation’. Bacterial cell walls are poorly accessible to such
recombinant vectors.

PREPARATION OF COMPETENT HOST CELLS :
(FOR TRANSFORMATION WITH RECOMBINANT DNA)

CALCIUM CHLORIDE TREATMENT (TRADITIONAL METHOD)
* In order to force bacteria to take up the plasmid, the bacterial cells first be made competent’

to take up DNA. This is done by incubating the bacterial cells in a specific concentrated
calcium salt solution (divalent cation). It renders the bacterial cell wall  permeable to the
recombinant vectors.
HEAT SHOCK : Recombinant DNA can be forced into host cells by incubating the cells with
recombinant DNA on ice, followed by placing them briefly at 42°C (heat shock), and then
putting them back on ice. This enables the bacteria to take up the recombinant DNA.

* Some species of bacteria are naturally competent for DNA uptake and donot require the
calcium chloride treatment.

2. ELECTROPORATION: In an alternative method, cells incubated with the plasmid DNA are
subjected to high-voltage pulse. This approach, called electroporation, permeable to large
molecule.

3. MICROINJECTION: In this method, recombinant vector indirectly injected into the nucleus of an
animal cells. Microinjection is a technique of delivering foreign DNA into living cell (a cell,
egg, oocyte, embryos of animals) through a glass micro-pipette.

4. BIOLISTICS OR GENE GUN / PARTICLE BOMBARDMENT :  As the term denotes, It shoots foreign
DNA into plant cells or tissue at a very high speed. This technique is also known as particle
bombardment or particle gun method or microprojectile bombard-ment or particle
acceleration or Bioballistics.

5. AGRO INFECTION AND RETROVIRAL INFECTION:
Disarmed pathogen’ vectors, which when allowed infect the cell, transfer the recombinant
DNA into the host

PROCESSES OF RECOMBINANT DNA TECHNOLOGY
Recombinant DNA technology involves several steps in specific sequence. The important
steps in recombinant DNA tecnology are performed through genetic engineering. They are
given below.

1. Isolation of genetic material (DNA).
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2. Cleavage of DNA by restriction endonucleases

3. Isolation of a desired DNA fragment.

4. Ligation of the DNA fragment into a suitable vector.

5. Introduction of recombinant vector into the host.

6. Culturing the host cells in a medium at large scale and extraction of desired product.

ISOLATION OF THE GENETIC MATERIAL (DNA)

Inorder to cut the DNA with restriction enzymes, it needs to be in pure form, free from other
macromolecules. Since the DNA is enclosed within the membranes, it is necessary to break
the cell open to release DNA along with other macromolecules such as RNA, proteins,
polysaccharides and also lipids. This can be achieved by digesting the cell wall through
enzymatic action. Based on the type of living organisms, different enzymes are used in diges-
tion of cell wall. For example:

LYSOZYME

 Lysozyme is also known as muramidase or N-acetylmuramide glycanhydrolase. This enzyme
functions by attacking peptidoglycans which are found in the cell walls of bacteria and
hydrolysing the glycosidic bond (1, 4 beta linkages) that connects N - acetyl muramic acid
with the fourth carbon atom of  N - acetylglucosamine (antibacterial property).

* Lysozyme is abundant in a number of secretions, such as tears, saliva, human milk.

* Large amounts of lysozyme can be found in egg white.

CELLULASE

Cellulase refers to a class of enzymes that catalyse Cellulolysis (i.e, the hydrolysis of
cellulose walls of plant cell) cellulases are hydrolytic enzymes that breakdown glycosidic
bonds in cellulose.

CHITINASE:

Chitinases are hydrolytic enzymes that breakdown glycosidic bonds in chitin of fungal cell
walls.

EXTRACTION OF DNA

* Digestion of cell wall by enzymatic action followed by the dissolution of all the biological
membranes within a cell by detergent lysis (using high powered detergents).

* The cell suspension thus obtained is treated with protease to remove the histone proteins
and other proteins which are associated with DNA.

* The RNA present in the protoplasmic mass can be removed by treatment with ribonuclease.
Ribonuclease (commonly abbreviated as RNase) is a type of nuclease that catalysis the
degradation of RNA into smaller components.

* Finally the cell suspension  is subjected to gradient centrifugation. Ultimately purified DNA
is precipitated out after the addition of chilled ethanol.

* This can be seen as collection of fine threads in the suspension.

* DNA that separates out can be removed by spooling.

DNA EXTRACTION BY SPOOLING METHOD

* DNA collection by spooling is effective when a large amount of DNA is obtained from an
extraction procedure. It is also an excellent demonstration method since an impressive tangle
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of pure DNA is clearly visible. To spool DNA, the separation step must be carried out
carefully. A concentrated salt solution (sodium chloride) must be added to the solution
before the alcohol addition step. The cold alcohol is slowly poured down the side of test tube
to form a layer on top of the aqueous solution, avoiding mixing. If done correctly, the alcohol
will form its own layer on top of the salty layer.

* Then comes the spooling to collect the DNA from salty layer, carefully place a glass stir rod
through the alcohol layer until it touches the bottom of the tube. Slowly spin the rod between
the fingers,while watching the interface between the layers. If enough DNA is present, it will
clump together at the interface between layers to form milky translucent mass. Spin the rod to
wrap the DNA around it (that is the spooling part) and pull it out of the tube. The DNA can
be transferred to another tube of pure alcohol for storage or further analysis

DNA that separates out can be removed by spooling

CUTTING OF DNA  AT DIFFERENT LOCATIONS

* The purified DNA is cut into a number of fragments by enzymes called restriction  endo-

nucleases.

* Agarose gel electrophoresis is employed to separate the resultant fragments from each other.

 Finally the desired DNA fragments are selected by a Southern blotting technique.

 After leaving this arrangement for a few hours or overnight, paper towels are removed and

discarded. The nitrocellulose membrane with single stranded DNA bands blotted on to it, is

baked at 80°C for 2 - 3 hours to fix the DNA permanently on the membrane. This membrane

now has a replica of DNA bands from agarose gel, and can be used for hybridization with

radioactively labelled DNA or RNA probe.

 Molecular probe is a small DNA or RNA segment, which is tagged with a radioactive

molecule and is complementary at least on one part of desired DNA. So that this can

search out or locate complementary DNA sequences from an organism.

* The desired DNA fragment (the gene of interest) from the source DNA and the cut vector are

mixed and ligase is added. This results in the preparation of recombinant DNA.

 Alkaline phosphatase enzyme is required to prevent unwanted self-ligation of vector DNA

molecules in recombinant DNA technology
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AMPLIFICATION OF GENE OF INTEREST USING PCR
* Polymerase Chain Reaction (PCR) is a technique of synthesizing multiple copies of the

desired gene (or DNA) in vitro.

* This technique was developed by Kary Mullis in 1985.

* It is based on the principle that a DNA molecule, when subjected to high  temperature, splits
into two strands due to denaturation.

* These single stranded molecules are then converted to original double stranded molecules by
synthesizing new strands in presence of enzyme DNA polymerase.

* Thus, a double stranded molecule of DNA is duplicated and multiple copies of the original
DNA sequence can be generated by repeating the process several times.

The basic requirements of PCR are —
(1) DNA template : The desired segment of the target DNA molecule that is to be amplified.
(2) Two nucleotide primers :  Two nucleotide primers, usually 10-18 nucleotide long and

complementary to the sequences present at the 3' ends of the target DNA segment.
(3) Enzyme : Temperature (more than 90°C) stable DNA polymerase (usually Taq

polymerase), for synthesis of new DNA molecules, are required.
WORKING MECHANISM OF PCR

(1)  First of all, the target DNA (DNA segment to be amplified) is heated to high temperature
(94°C).

 Heating results in the separation of two strands of DNA. Each of the two strands of the
target DNA now act as template for synthesis of new DNA strand This step is called
denaturation.

 Denaturation is the separation of the two strands of DNA by breakdown of hydrogen bonds
on heating.

(2)  Denaturation is followed by annealing (Anneal - Join). During this step, two oligonucleotide
primers hybridize to each of single stranded template DNA in presence of primers

(synthetic oligonucleotide). Annealing is carried out at lower temperature
(40° - 60°C).

 The oligonucleotides serve as replication primers

 Note that ‘invivo’ DNA polymerase would use an RNA primer but a more stable, more
easily synthesized DNA primer is used ‘invitro’

5'
3' 5'

3'
ds DNA

Heat
5'

Denaturation

 DNA polymerase
 (Taq polymerase)
+deoxynucleotides

30 cycles

Amplified
(~ 1 billion times)

3'
3' 5'

Primers
5' 3'

3' 5'

3' 5'
5' 3'

5' 3'

Annealing

Extension

Fig. Polymerase chain reaction (PCR) Each cycle as three steps :
(i) Denaturation   (ii) primary annealing and   (iii) Extension of primers
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(3) Third and final step is extension. During this step, the enzyme DNA polymerase synthesizes
the DNA segment between the primers.

(4) Usually Taq DNA polymerase, isolated from a thermophilic bacterium. Thermus aquaticus,
is used in most of the cases.

(5) The two primers extend towards each other in order to copy the DNA segment on the
DNA template. This step requires presence of nucleotides (dNTPs) and Mg2+ and occurs at
72°C.

(6) The above mentioned three steps complete the first cycle of PCR.

(7) If these cycles are repeated approximately 30 times, i.e., one billion copies of desired DNA
segments are synthesised.

(8) If required, the amplified fragment can be ligated with a vector for further  cloning.
APPLICATIONS

Some of the areas of application of PCR are briefly mentioned here.

(i) Diagnosis of Pathogens (ii) Diagnosis of specific Mutation

(iii) DNA Fingerprinting (iv) Detection of Specific
Microorganisms

(v) In Prenatal Diagnosis (vi) Diagnosis of Plant Pathogens

* This technique was developed by Kary Mullis in 1985.

Selection & Identication :

* Screening of transformed cells from nontransformed cells is called selection.

* Screening of recombinant cells from nonrecombinant cells is called Identification.

IDENTIFICATION OF CLONES HAVING RECOMBINANT DNAs

* This step consists of identification and isolation of those clones that are transformed by the
recombinant DNAs from among those that contain unaltered vector.

* Recipient cells after making them ‘competent’ to receive, take up r-DNA present is its
surrounding. When a recombinant DNA with amp R  gene is transferred into E.coli cells, the
host cells become transformed into ampicillin resistant cells.

* When we spread these transformed cells on agar plates containing ampicillin, only transformants
will grow, non-transformed cells will die.

* Since, due to amp R  gene, one is able to select a transformed cell in the presence of ampicillin.
The ampicillin resistance gene in this case is called a selectable marker. A good vector has at
least two marker genes of which one is selectable, e.g. pBR322 has the genes tet R  and amp R .

* A selectable marker governs a feature, which enables only such cells that possess it to survive
under the selective conditions.

* The nontransformed bacterial cells are eliminated by plating them on a medium containing the
selection agent, e.g., tetracycline or ampicillin in the case of pBR322.

ELIMINATION OF NON TRANSFORMED CELLS

* In case the vector has two selectable markers, e.g., pBR322, the DNA insert may be placed
within one of these markers, say tet R  gene. For example foreign DNA is ligated at the Bam HI

or SalI site of tet R  in the vector pBR322. The recombinant plasmids will lose tetracycline
resistance due to insertion of foreign DNA. If the foreign gene is ligated at any one of these
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restrictions sites, the plasmid fails to give resistance to the organism against tetracycline.

* So the transformed cells die when they are cultured in the medium containing etracycline.

* But they grow successfully in the medium containing ampicillin alone or they grow in the
medium without these drugs.

* The ampicillin resistance sequence has different restriction sites pstI, pvuI. If the gene is
cloned at any of these restriction sites, the plasmid is unable to give resistance to the cells
against ampicillin.

* If the gene is inserted at some other sequences away from ampicillin resistance sequence and
tetracyclin resistance sequence, the recombinant plasmid gives resistance to the host cell
against both ampicillin and tetracycline.

* So, in this method of selection of transformed bacterial cells, it is to be first decided whether
the gene is inserted at the ampicillin resistance sequence or at the tetracycline resistance sequence
or at the sequence away from these two sequences. Then only the nutritional selection (without
using probe) will be possible to detect the transformed bacterial cells in the population of
cells.

INSERTIONAL INACTIVATION

* Selection of recombinants due to inactivation of antibiotics is a cumbersome (unmanageable)
procedure, because it requires simultaneous plating on two plates having different antibiotics.
Therefore alternative selectable markers have been developed which differentiate
recombinants from nonrecombinants on the basis of their ability to produce colour in the
presence of a colourless chromogenic substrate.

 - GALACTOSIDASE ACTIVITY CAN BE USED AS AN INDICATOR OF THE PRESENCE OF FOREIGN DNA

INSERT:

* Some vectors (pUC vectors) contain a portion of the lac ‘z’ gene (called lac ‘z’) that encodes

for the enzyme  - galactosidase. When foregin DNA is inserted within this coding sequence
the lac ‘z’ region gets interrupted. This results into inactivation of enzyme, which referred to as

insertional inactivation. lac ‘z’ is one of the structural genes of lac operon. Lac ‘z’ encodes  -
galactosidase, an intracellular enzyme that cleaves the disaccharide lactose into glucose and
galactose (metabolism of lactose in E.coli)

* To distinguish non-recombinant from recombinant transformants, blue-white secreening or lac
selection’ can be used with this particular vector. The bacterial colonies grown on selective
medium with a colourless chromogeneic compound called X-gal for short (5-bromo-4-chloro-
3-indolyl- 1-D-galactoside). The presence of chromogenic substrate gives blue coloured colonies

if the plasmid in the bacteria does not have an insert. In these bacteria, the synthsized  -
galactosidase catalyses the hydrolysis of X-gal, converting the colourless substrate into blue
coloured product. Therefore colonies of cells that harbour the intact vector, but no new recombinant

DNA, can make  - galactosidase and form a blue colour in the presence of X-gal. Presence of

DNA insert in the coding sequence (lac ‘z’) results into insertional inactivation of the  -
galactosidase and the colonies donot produce any colour. Thus, X-gal, is not cleaved and bacterial
colonies remain white, these are identified as recombinat colonies.

COLONY HYBRIDIZATION

* Colony hybridization method is also useful to select the cells with desired gene.
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* In this method gene specific probes are used.

* A probe is a small fragment of single stranded DNA are RNA which is tagged with a radio
active molecule and is complementary to atleast one part of the desered DNA.

OBTAINING FOREIGN GENE PRODUCT

* When a piece of foreign DNA is inserted into a cloning vector and then transferred into a
bacterial, plant or animal cell, it gets established.

* After establishing the recombinant DNA inside the host cells, they are allowed to express their
role in the synthesis of desired proteins.

* Such proteins, formed from recombinant  DNA in a heterologous host, are called “recombinant
proteins.

* In fact, most of the recombinant DNA technologies are aimed to produce desirable products

* Therefore, such cells having recombinant DNA are grown in the laboratory under controlled
conditions.

* They are allowed to synthesize the desired proteins which are finally extracted and purified
from cultures.

* Small volume cultures are usually employed in laboratories for research and production of
less quantities of products.

* However, large scale production of the products is carried out in ‘bioreactors’.

* A bioreactor provides the optimal conditions for acheiving the desired products like individual
enzyme etc by using large microbial plant, animal or human cell.

 Bioreactors are large vessels (having a volumes of 100 to 1000 litres) which are used for
biological conversion of raw materials into specific products.

 Maintenance of the cells in their physiologically most active log or exponential phase for
maximum production.

 The host cells are multiplied in a continuous culture where the used medium is allowed to pass
out from one side and fresh medium is continuously added  into the culture vessel from the
other side.

* Each bioreactor has a cylindrical stirred tank to facilitate the mixing of contents.
* The stirrer provides facility of mixing the contents as well as the availability of oxygen.
* It has an agitator system to mix the contents properly, an oxygen delivery system to make

availability of oxygen, a foam control system, a temperature control system, a pH control
system.

* There is a sampling port where small volume of culture can be withdrawn periodically to
know the growth of cells and concentration of extractable product
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a) simple stirred-tank bioreactor
b) sparged stirred-tank bioreactor in which

            sterile air bubbles are sparged

DOWNSTREAM PROCESSING

* Downstream processing is the recovery of target product from the fully grown genetically
modified cells, its purification and preservation.

* It is carried out after the completion of biosynthetic stage.

* The product has to be subjected through a series of processes like separation and purification
before it is ready for marketing as a finished product.

* All these processes conducted after completion of the biosynthetic stage are collectively
referred to as downstream processing.

* The separated product then formulated with suitable preservatives. Such formulation has to
undergo thorough clinical trials as in case of drugs.

* Every batch of the product has to pass through strict quality control testing.

* The downstream processing and quality control testing vary from product to product
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QUESTION BANK - 1
1. Autonomously replicating circular extra

chromosomal DNA of prokaryotic cell is
called
1) Satellite DNA 2) Plasmid
3) Recombinant DNA 4) Nucleo id

2. Name the enzyme that promotes sealing
or joining of the sticky ends of vector:
(1) DNA ligase (2) Primase
(3) RNAase
(4) Restriction endonuclease

3 .In living organism during replication of
DNA, the process is initiated by
1) RNA primer
2)  DNA primer
3) RNA & DNA primers
4) None of them

4. The specific sequence recognised by ‘mo-
lecular scissors ‘ is called
(1) Isomer (2) Isobar
(3) Misnomar (4) palindrome

5. Introduction of foreign genes for
improving genotype is called
1) Biotechnology 2) Tissue culture
3) Genetic engineering 4) Both (1) and (3)

6. The linking of antibiotic resistance gene
with plasmid vector became possible with
1) DNA polymerase 2) Exonuclease
3) DNA ligase 4) Endonuclease

7. Chemical knives of molecular biology are
1) Restriction endonucleases
2) Transcriptase
3) Reverse transcriptase
4) Ligase

8. Plasmids are extra-chromosomal genetic
material found in
1) Algae             2) Yeast (Episomal Plasmid)
3) Bacteria         4) Both 2 & 3

9. Who is given the credit for constructing
first artificial recombinant DNA ?
1) Hargobind Khorana
2) Stanley Cohen and Herbert Boyer
3) Linus Pauling
4) Arber and Nathans

10. Which of the following is not related to

biotechnology
1)Integration of natural science &   organ-
isms (Microbes to plants & animals)
2)Techniques to change the chemistry of
DNA
3)Maintenance of sterile ambience to
maximum growth of the desired DNA
4)Introducing undesirable genes into the
target organism for multiplication

11. Which of the following is the most
accepted definition of biotechnology by
European Federation of Biotechnology
(EFB)?
1)Maintenance of sterile ambience for
enabling growth of desired microbe
eukaryotic cell in large quantities
2)Technique of using live organisms or
enzyme from organisms to produce prod-
ucts and processes useful to animals
3)Process which use genetically engi-
neered animals only on a large scale for
benefit of mankind
4)The integration of natural science and
organisms cells, parts thereof and molecu-
lar analogies for products and services

12. The technique of removing plasmids
from cells and then reinserting them in
to other cells was developed by.
1) Herbert Boyer 2) Stanley Cohen
3) Nathens 4) W.M.Stanley

13. All the following statements about Stanley
Cohen and Herbert Boyer are correct but
one is wrong. Which one is wrong?
1)They discovered recombinant DNA (r-
DNA) technology which marked  the birth
of modern biotechnology
2)They first produced, healthy sheep
clone, a Finn Dorset lamb, Dolly,  from the
differentiated adult  mammary cells
3)They invented genetic engineering by
combining a piece of foreign DNA  con-
taining a gene from a bacterium  with a
bacterial (E.coli) plasmid  using the
enzyme restriction endonuclease
4)They isolated the antibiotic resistance
gene by cutting out a piece of DNA from a
plasmid which was responsible for confer-
ring  antibiotic resistance

14. Select the option that is incorrect w.r.t.
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traditional hybridization

1) Procedure extensively used in plant
breeding
2) Often leads to inclusion of undesirable
genes
3) Involves selective inclusion and  multi-
plication of desired genes only
4)Enabled qualitative and quantitative
improvement in food production

15. An enzyme catalysing the removal of
nucleotides from the ends of DNA is:
1)RTase 2) Exonuclease
3)DNA ligase 4) Hind – II

16. Which one the following enzymes has
been incorrectly matched with their
function?
1) Ligase - Molecular glue
2) Endonuclease - Chemical scalpel
3) DNA polymerase - Joins nucleosides
4) RNA polymerase -  Joins nucleotides

17. Which of the following tools are essen-
tial for recombinant DNA technology

A.Vectors B.Polymerase
enzyme C.Restriction
enzyme D.Ligase enzyme

1)A, B 2)B, C
3)C, D 4)A,B,C and D

18. There are three basic steps in geneti-
cally modifying an
organism. Which of the following is
wrong statement about the process?

1)Identification of the DNA with  desirable
genes

2)Cleaving DNA segments with ligase’and
joining them with endonuclease

3)Introduction of the identified DNA  into
the host

4)Maintenance of introduced DNA in the
host and transfer of DNA to its progeny

19. Genetic engineering is possible because

1) DNA can be cut at specific sites by
endonucleases like DNase

2) Restriction endonucleases purified
from bacteria can be used in vitro

3) The phenomenon of transduction in
bacteria is well understood

4) DNA can be seen by electron micro-
scope

20. First created rDNA  in vitro consists of

1) Plasmid DNA of  Salmonella &
Genophore of E.coli

2) Plasmid of Salmonella & Antibiotic
resistance gene of Salmonella

3) Plasmid of  Salmonella & Antibiotic
resistance gene of  E. coli

4) Genophore of Salmonella & Plasmid of
E.coli

21. The following is true about the first ever
artificial rDNA

1) Synthesized from DNA of typhoid
bacterium & multiplied in its own cell

2) Synthesized from typhoid bacterium &
multiplied in E.coli

3) Synthesized by linking gene of
Salmonella into plasmid of Salmonella

4) Synthesized by linking gene of E.Coli
into plasmid of Salmonella

22. The role of DNA ligase in the construc-
tion of a recombinant DNA molecule is:

1) Formation of phosphodiester bond
between two DNA fragments

2) Formation of hydrogen bonds between
sticky ends of DNA fragments

3) Ligation of all purine and pyrimidine
bases                4) None of the above

KEY

1. (2) 2. (1) 3. (1) 4.(4) 5. (4)
6. (3) 7. (1) 8. (4) 9.(2) 10.(4)
11. (4) 12.(2) 13.(2) 14.(3) 15.(2)
16.(3) 17.(4) 18.(2) 19.(2) 20.(2)
21.(3) 22.(1)

PRACTICE TEST - 2
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23. Which of the following correctly
represents the recognition site of the
restriction endoenuclease enzyme EcoRI
:

(1) G G CC
5' 3' (2) CTTAAG3' 5 '

(3) AGCT
5' 3' (4) TGCA3' 5 '

24 How many restriction endonuclease
enzymes have been isolated till date from
various bacteria:

(1) 200 (2) 900

(3) 1500 (4) 2000

25. Which antibiotic resistance genes will you
find in the  pBR322?

(1) Ampicillin (2) Erthromycin

(3) Tetracycline (4) Both (1) and (3)

26. When the addition of foreign DNA is made
in the coding sequence of  -galactosidase
in pUC19, this results to

1 ) direct DNA injection 2) transfection
3 ) insertional inactivation 4 )
transformation

27. Which of the following bonds are formed
by action of  DNA ligase?

1) Sugar-phosphate bond

2) Phosphodiester bond

3) Phosphate-phoshpate bond

4) Both (1) and (2)

28. In recombinant DNA technology, a plasmid
vector is cleaved by

1) Modified DNA ligase

2) A heated alkaline solution

3) The same restriction enzyme that cleaves
donor/alien DNA

4) Different enzyme that cleaved the donor
DNA

29. Identify the plasmid among following

1) Hind III 2) pBR-323

3)  -phage 4) Both (2) and (3)

30. Plasmids are important in biotechnology

because they

1) have recognition sites on recombinant
DNA strands

2) have antibiotic geens

3) act as vehicle for insertion of  foreign
gene into bacteria

4) Surface for respiratory process in bacteria

 31. If gene of interest was inserted at Sal I
site in pBR322 the resulting plasmid will
confer resistance to

1) Ampicillin 2) Tetracycline

3) Kanamycin 4) Both (1) & (3)

32. Agrobacterium tumefaciens is a pathogen
of

1) Nematodes 2) Bacteria
3) Fungi 4) Several dicot plants

33. A bacterium commonly used in plant
genetic engineering is

1) E. coli 2) Agrobacterium

3) Mycobacterium 4) Rhizobium

34. Genetic material of Retroviruses is

1) ds DNA 2) RNA

3) Protein 4) ssDNA

35. Characteristics of vector include all, ex-
cept

1) Presence of ‘ori

2) Presence of antibiotic resistance gene as
selection marker

3) Large size

4)Multiple cloning sites (MCS)

36. Boliver and Rodriguez developed

1) Shuttle vector 2) pBR322

3) pUC19 4) Both (1) & (2)

37. In which technique vector is used to
introduce genes into dicots?

1) Electroporation 2) Electrophoresis

3) Ti plasmid infection 4) Microinjection

38. Which of  the following is essential for
initiating  replication of  DNA?
1) Marker site
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2) ‘Ori’ (origin of replication)
3) Palindromic site
4)Restriction enzymes action site

39. The first restriction enzyme to be iso-
lated and characterised was

1) EcoRl 2) BamHI
3) Hind III 4) Hind II

40. Restriction enzymes

1) Are endonucleases which cleave  DNA
at specific sites

2) Make DNA complementary to an  exist-
ing DNA or RNA

3) Cut or join DNA fragments

4) Are required in vectorless direct  gene
transfer

41. Restriction enzymes are generally
isolated from some members of
1) Monera 2) Protista
3) Plantae 4) Animalia

42. Restriction enzyme EcoRl cuts the DNA
between bases G and A only when the
sequence in DNA is
1) 5 GATATC 3 2) 5 GAATTC 3
3) 5 GATTCC 3 4) 3 GAATTC 5

43. There is a restriction endonuclease
called Eco RI What does “co” part in it
stand for?
1) coli 2) colon
3) coelom 4) coenzyme

44. Number of phosphodiester bonds estab-
lished when a desired gene fragment cut
with EcoRI is ligated with pBR322 cut with
the same enzyme is
1) 6        2) 4 3) 8 4) 16

45. The ratio between hydrogen bonds and
phosphodiester bonds broken in each
palindromic sequence of a DNA when
treated with EcoRI during the formation of
cohesive ends
1) 4:1      2) 1:2 3) 2:3 4) 1:4

46. Which of the following is not a restric-
tion endonuclease
1) EcoRI 2) Hind III
3) Pst I 4) DNase

 47. Arber, Nathans and Smith received Nobel

prize in 1978 for path breaking work in
the field of:
1) Invention of PCR technique
2) Discovery of Restriction endonucleases
3) Development of ELISA
4)  Development of Western blotting

48. The gene which controls the copy num-
ber of the linked DNA in pBR 322 is
1) Bam HI 2) ori
3) rop 4) Cla I

49. The number of phosphodiester and
hydrogen bonds formed during
preparation of rDNA using EcoRI
respectively are
1) 2 & 8 2) 2 & 16
3) 4 & 16 4) 4 & 8

50. Restriction enzymes belong to a large
class of enzymes namely nucleases
which are a type of
1) hydrolases 2) lyases
3) ligases 4) isomerases

51. Which one the following statements does
not hold true for restriction enzyme?
1)It recognises a palindromic  nucleotide
sequence
2)It is an endonuclease
3)It is isolated from bacteriophages
4)It produces the same kind of sticky  ends
in different DNA molecules

52. Which of the following causes cell prolif-
erations?
1) Ti plasmid 2) Retrovirus
3)All plasmids 4) Both (1) & (2)

53. The minimum number of restriction sites
required to isolate a desired gene by
using endonucleases is /
are
1) 1     2) 3 3) 2 4) Many

54. Selectable markers in pBR322

1) ampR & tetR 2) ori & rop

3) BamHI & ClaI 4) PstI & PvuI

55. Large scale production of gene products
involve the use of

1) Steam sterilizer 2) Culturing flasks



129

3) Bacteria 4) Bioreactor

56. Nucleic acid is fragmented by enzyme

1) Ligases 2) Proteases

3) Nucleases 4) Polymerases

57. The first restriction enzyme isolated
from

1) Escherichia 2) Bacillus
3) Proteus 4) Haemophilus

58. Hind II is a

1) polynucleotide 2) polypeptide
3) polysaccharide 4) bacterium

59. In case of BamHI, H represents

1) Genus 2) Species
3) Name of scientist 4) Strain

60. If a long linear dsDNA having blunt ends

having 
5 3
3 5

GAATTC
CTTAAG
 
    sequences at four

places is cleaved by using EcoRI, how
many DNA fragments are formed with
cohesive ends on both sides
1) 5    2) 4 3) 3 4) 2

61. At which of the following restriction sites
foreign DNA should be ligated to inactivate
tetracycline gene in a vector like pBR322
1) Pvu I, Pst I 2) Cla I, Hind III

3) Bam H1, Sal I 4) Pvu II, EcoRI

62. If the first three nucleotides in 6bp
palindromic sequence of one strand of a
DNA molecule are CGT, what would be
the next three nucleotides in the same
strand most likely ?

1) TTC     2) ACG 3) CGT   4) TGC

63. The ratio between undisturbed and
disturbed H-bonds in DNA when it is cut
by EcoRI in the target site

1) 3 : 4    2) 4 : 3 3) 1 : 1 4) 2 : 3

64. Although the Ti plasmid has revolutionised
plant genetic engineering one limitation of
its use is that

1) It cannot infect broad leaf plants
2) It cannot be used on fruit-bearing plants

3) It cannot transmit prokaryotic genes
4) It does not infect cereal plants such as
corn and rice

65. A plasmid

1) Act as main genetic material
2) Has ability to replicate within  bacterial
cells  independent of the control of
chromosomal   DNA

3) Cannot replicate
4) Contains genes for vital activities

66. The artificially restructured plasmids are

1) PBR322 2) PUC19

3) PUC 101 4) All the above

67. The number of covalent bonds formed
during the formation of r-DNA

1) 2       2) 3 3) 4 4) 1

68. The number of types of genomes found in
recombinant cosmids is (when only 1 gene
is introduced)

1) 1         2) 3 3) 2 4) Many

69. If a linear DNA has ‘n’ number of
restriction sites for a specific enzyme the
number of fragments and fragments with
cohesive sites at both the ends produced
respectively are

1) n & (n+1) 2) (n+1) and n

3) (n+1) & (n-1) 4) (n-1) & n

70. To deliver desirable genes into animal cells,
one of the following vectors are commonly
used

1) Ti plasmid of ‘Agrobacterium  tumifaciens’
2)  Disarmed retroviruses

3)  1 and 2 4)  None of these

71. If EcoRI cut the ds DNA fragment at four
places, then what is the ratio of number
of hydrogen bonds present at those
locations before cleavage by EcoRI and
number of hydrogen bonds cleaved by
EcoRI at those locations respectively ?

1) 8 : 14   2) 7 : 4  3) 8 : 2 4) 6 : 2

72. Based on theoretical estimates, the
probability of occurrence of nitrogen
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bases in adjacent positions in a DNA strand
is random. Identify the expected number
of recognition sites in the   phage genome
of 49 kb long having recognition sequences
of 6bp(5|GAATTC3| 3|CTTAAG5|)

1) 4096      2) 14 3) 12 4) 256

73. As per probability, the frequency of
occurrence the palindromic sequence
recognized by EcoR1 is  (Assuming that
the occurrence of bases in adjacent
positions is random on DNA)

1) once in 9046 nucleotides
2) once in 4069 nucleotides

3) once in 4096 nucleotides
4) once in 6096 nucleotides

74. In a DNA fragment of 10Kbp, (10000 base
pairs) how many recognition sites of EcoRI
are theoretically possible?

1) 3       2) 5 3) 30 4) 2

75. Pick out the true expression regarding
pBR322 and Eco RI:

1)Former is a polymer of amino acids, where
as the latter is a polypeptide with  catalytic
activity

2)Both are redesigned plasmids

3.Former is a linear DNA where as  latter is
synthesized on 70s ribosomes

4. Former is a polymer of amino acids, where
as the latter is a  polymer  of nucleotides.

76 An enzyme catalysing the removal of
nucleotides from the ends of DNA is:

1) DNA polymerase 2) exonu-
clease 3) DNA
ligase 4) Hind - II

77. ‘Restriction’ in Restriction enzyme
refers to:

1) Cleaving of phosphodiester bond in
DNA by the enzyme

2) Cutting of DNA at specific position
only

3) Prevention of the multiplication of
bacteriophage in bacteria

4) All of above
78. A recombinant DNA molecule can be

produced in the absence of the follow-
ing:
1) Restriction endonuclease
2) DNA ligase
3) DNA fragments       4) E.coli

79. The most important feature in a plasmid
to be used as a vector is:
1) Origin of replication (ori)
2) Presence of a selectable marker
3) Presence of sites for restriction endo-
nuclease 4) Its size

80. While isolating DNA from bacteria,
which of the following enzymes is not
used?
1) Lysozyme 2)Ribonuclease
3) Deoxyribonuclease 4)Protease

81. Which of the following bacteria is not a
source of restriction endonuclease?
1) Haemophilus influenzae
2) Escherichia coli

3) Claviceps purpurea
4) Bacillus amyloliquefaciens

82. Which of the following statements does
not hold true for restriction enzyme?
1)It recognises a palindromic nucleotide
sequence
2)It is an endonuclease
3)It is isolated from viruses
4) It produces the same kind of sticky ends
in different DNA molecules

83. Which of the following is not a source of
restriction endonuclease
1)  Haemophilus
2)  Escherichia coli
3)  Entamoeba coli
4)  Bacillus amyloliquifaciens

QUESTION BANK - 2
83. Agarose a polysaccharide obtained from

(1) BGA (2)Sea weeds
(3) Gulf weeds (4) None of the above

84. Which colour would you find in DNA bands
after staining with Ethidium bromide in the
presence of UV light:
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(1) Red (2) Green

(3) Orange (4) Yellow

85. Where would you use the technique of
DNA amplification called PCR amongst
the following applications?

(1) Forensic analysis
(2)  Diagnosis of HIV infections

(3) Palaentology (4)  All of these

86. Method of vectorless DNA transfer is:

(1) Microinjection (2)  Electroporation

(3) Biolistics (4)  All of these

87. What is not true w.r.t. the method of gene
transfer by Gene gun method:

(1) Tungsten or gold particles are used

(2) A vector for gene transfer is compulsory

(3) Also known as biolistics

(4) Both (b) and (c)

88. Isolation of genetic material from fungal
cells does not involve the use of

I) agarose 2) chitinase
3) ethanol 4) proteases

89. Denaturation can be achieved at which
temperature during PCR?

1) 72°C 2) 94°C
3) 40°C 4) 25°C

90. Stirred tank bioreactors have been
designed for

1) Purification of product

2) Ensuring anaerobic conditions in the
culture vessel

3) Availability oxygen through out the
process

4) Addiition of preservatives to the product

91. During isolation of DNA, addition of which
of the following causes precipitation of
purified DNA?

1) Chilled ethanol 2) Ribonuclease
enzyme

3) DNA polymerase 4) Proteases

92. Which of the following is the correct
sequence of PCR or polymerase chain
reaction?

1) Denaturation   Annealing   Extension
2) Extension   Denaturation Annealing

3) Annealing   Extension   Denaturation
4) Denaturation   Extension   Annealing

93. After completion of biosynthetic stage, the
separation and purification of product is
called

l) Upstream processing
2) Downstream processing

3) Modern biotechnology
4) Gene amplification

94. Which ofthe given statement is correct
in the context of observing DNA sepa-
rated by agarose gel electrophoresis?

1) DNA can be seen in visible light

2) DNA can be seen without staining in
visible light

3) Ethidium bromide stained DNA can be
seen in visible light

4) Ethidium bromide stained DNA can be
seen under exposure to UV light

95. In agarose gel electrophoresis, DNA
molecules are separated on the basis of
their:
1) Charge only 2) Size only
3) Charge to size ratio 4) All of above

96. Which of the following has popularised
the PCR (polymerase chain reactions)?
1) Easy availability of DNA template
2) Availability of synthetic primers
3) Availability of cheap deoxyribo  nucle-
otides 4) Availability of
Thermostable DNA polymerase

97. An antibiotic resistance gene in a vector
usually helps in the selection of:
1) Competent cells 2) Transformed cells
3) Recombinant cells 4) None of the
above

98. Significance of ‘heat shock’ method in
bacterial transformation is to facilitate:
1) Binding of DNA to the cell wall
2) Uptake of DNA through membrane
transport proteins
3) Uptake of DNA through transient pores
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in the bacterial cell wall
4) Expression of antibiotic resistance gene

99. Which of the following steps are
catalysed by Taq polymerase in a PCR
reaction?
1) Denaturation of template DNA
2) Annealing of primers to template DNA
3) Extension of primer end on the template
DNA
4) All of the above

100. A bacterial cell was transformed with a
recombinant DNA that was generated
using a human gene. However, the
transformed cells did not produce the
desired protein. Reasons could be:

1) Human gene may have intron which
bacteria cannot process
2) Amino acid codons for humans and
bacteria are different

3) Human protein is formed but degraded
by bacteria

4) All of the above
101. Which of the following should be chosen

for best yield if one were to produce a
recombinant protein in large amounts?
1) Laboratory flask of largest capacity
2) A stirred-tank bioreactor without in-
lets and out-lets
3) A continuous culture system
4) Any of the above

102. Who among the following was awarded
the Nobel Prize for the development of
PCR technique?
1) Herbert Boyer
2) Hargovind Khurana
3) Kary Mullis
4) Arthur Kornberg

103. Plasmids are extra-chromosomal genetic
material found in
1) Algae 2) Mammalian cell
3) Bacteria 4) Viruses

104. Genes for which of the following can serve
as selectable marker?
1)  -galactosidase 2) Ampicillin
3) Tetracycline 4) All of these

105. Isolation of genetic material from bacteria
involves the use of
1) Lysozyme 2) Cellulase
3) Chitinase 4) Polymerase

106. Which of the following method can be used
for making the bacterial cell “competent”?
1) Treating with specific concentration of
divalent cation (Ca+2)
2) Treating with specific concentration of
monovalent cation (K+)
3) Heat shock 4) Both (1) & (3)

107. PCR technique is best for

1) DNA digestion

2) Protein amplification

3) DNA amplification

4) DNA ligation

108. Which of the following is not required
while performing a transformation
experiment?

1) Uptake of DNA    2) Calcium chloride

3) 090 C 4) Bacterial cells

109. Agarose, that is used in gel eletrophoresis
is a/an

1) Plant product 2) Animal product

3) Microbial product 4) Animal waste

110. Name the organism which is the source of
heat-stable PCR enzyme?

1) Thermus aquaticus

2) Haemophilus influenzae

3) Thermoproteus neutrophilus

4) Bacillus thuringiensis

111. Which of the following is not correct for a
successful PCR?

1) Thermostable DNA polymerase

2) Nanogram of DNA template

3) Primer with exposed 5-OH group only

4) Deoxyribonucleoside triphosphates

112. Method in which foreign DNA is directly
injected into the nucleus of animal cell by
using microneedles is called
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1) Gene Gun method

2) Biolistic method

3) Microinjection method

4) Direct DNA injection method

113. Another term used for Restriction
Endonuclease enzymes extensively in
Genetic Engineering is:
1) Molecular Scissors
2) Molecular glues
3) Markers
4) Both (2) and (3)

114. PCR is used for

1) Reverse transcribing RNA into DNA
2)  Digesting DNA

3) Amplifying DNA
4) Amplifying proteins and separating  DNA

115. Primers are small chemically synthesized

1) Oligosaccharides 2) polysaccharides

3) Oligonucleotides 4) Polypeptides

116. Which method is used to introduce the
ligated DNA directly into the nucleus of an
animal cell ?

1) Heat shock method
2) Gene gun method

3) Using disarmed Agrobacterium
4) Micro injection

117. As per probability, the frequency of
occurrence  the palindromic sequence
recognized by EcoR1  is  (Assuming that
the occurrence of bases in adjacent
positions is random on DNA)

1)once in 9046 nucleotides
2)once in 4069 nucleotides

3)once in 4096 nucleotides
4)once in 6096 nucleotides

118. The gold and tungsten particles are used
for

1) Microinjection
2) Electroporation

3) Calcium chloride treatment
4) Biolistic method

119. During polymerase chain reaction, which

primers are used for initiating the process

1) DNA 2)  RNA
3) DNA and RNA 4) None of them

120. Who developed the method of removing
plasmids from the cells and reinserting
them in other cells?

1) Stanley Cohen 2) Hernert Boyer

3) R. Descartes 4) Nathans

121. Which technique in biotechnology is
associated with great liking and choice of
the public in general hence known as
peoples choice reaction:

1) DNA amplification technique development
by Kary Mullis

2) Cloning of Dolly by Wilnut

3) DNA fingerprinting by Jaffreys
4)  All of these

122. Enzyme required for polymerase chain
reaction (PCR) is          

1) RNA polymerase2) Ribonuclease
3) Taq polymerase 4) Endonuclease

123. Agarose extracted from sea weeds helps
in

1) Gel electrophoresis

2) Spectrophotometry

3) Tissue culture

4) PCR

124. Approximately the number of gene copies
produced by PCR can be one billion within
few hours by repeating the process for

1) 20 times 2) 30 times

3) 40 times 4) 50 times

125.Which of the following is a true statement
regarding DNA polymerase used in PCR?

1) It is isolated from a virus

2) It remains active even at high temperature

3) It is used to ligate introduced DNA in
recipient cells

4) It serves as a selectable marker

126.With the help of  DNA ligase donor DNA
fragment is joined.  It is called
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1) Ligation 2) Restriction

3) Protoplasmic fusion 4) Splicing

127. Plasmids are used in genetic engineering
because they are

1)  Easily available
2)  Able to replicate

3)  Able to deintegrate with host chromosome
4) Inert

128. Which of the following is not correctly
matched for the organism and its cell wall
degrading enzyme?

1) Plant cells - Cellulase
2) Algae - Methylase

3) Fungi - Chitinase
4) Bacteria - Lysozyme

129.DNA fragments generated by the
restriction endonucleases in a chemical
reaction can be separated by

1) Polymerase chain reaction
2)   Electrophoresis

3) Down streaming
4)  Centrifugation

130.The separated DNA fragments after
electrophoresis is observed by treating
with ethidium bromide by exposed in u-v
radiation which give rise
1) Orange color 2) Blue color
3) Red color 4) Purple color

131. Which enzyme protects the host DNA
from the restriction endonuclease action?

1) Methylases

2) Exonucleases 3) Ligases

4) Ribonucleases

132. Pickout the true statement w.r.t PCR
technique.

1)Thermus aquaticus cells are used for gene
cloning.

2) RNA primers are required for annealing

3) Separation of DNA strands  is followed
by primar annealing

4) Ideal technique for the amplification of
all types of bio-polymers.

133. Mark the name of the appropriate stain
which is used to identify DNA as orange
strands under U.V. light:

1) Haematoxylin 2)  Eosin

3) Ethidium bromide 4)  Methylene blue

134.What would you use to separate DNA
fragments in gel electrophoresis?

1) Agarose gel 2)Bee wax
3) Paraffin wax 4)Lanolin

135.What term best describes the separation
of DNA strands from the Agarose gel after
electrophoresis?

1)Precipitation 2)Blotting
3) Elution 4)Splicing

136.The term ‘B’ and ‘R’ in the name pBR322
represents which of the following?

1) Name of the scientists
2) Name of the restriction endonuclease

enzymes

3) Name of cities in U.S.A.
4) Name of the strain of bacterias used

137.The technique of separation of cell
organelles

1) Centrifugation 2) Elution

3) Gel electrophoresis
 4)Transfection

138.Gel electrophoresis, the method in finger
printing involves

1) Lengthening of DNA pieces
2) Cutting the DNA, into several pieces

3) Reading of DNA base pair sequence
4) Sorting the DNA pieces by size

139.The vectors are DNA molecules that can
carry a foreign DNA segment and
replicate inside the host cell. One amongst
the following is not used as a vector in
recombiant technology:

1) Cosmid

2)  Plasmid

3) Sma 1

4)  Artificial chromosome

140.After transformation process is completed
antibiotics are added to the culture
medium to select the desired transformed
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bacteria. Such an antibiotic resistance
gene is described as:

1) Molecular scissor2 ) P a l i n d r o m e
sequence 3) Selectable marker
4) Ori site

141.Which of the following site/s must be
present in any suitable vector for genetic
engineering:

1) Ori site 2) Cloning site

3) Marker site 4) All of these

142. The bacterial cell must be made competent
then word competent refers
here_________.

1) Should increase their metabolic
reactions 2) Should decrease
their metabolic  reactions

3) Ability to divide fast
4) Increase efficiency of DNA uptake

143. Which plasmid created by artificial
method has both, tetracycline and
ampicillin resistance genes to be  used as
a selectable marker?

1) pBR 322 2) pUC

3) Hind II 4) YAC

144. Which organism is known as ‘Natural
Genetic engineer’ in plants because of its
ability of gene transfer:

1) Agrobacterium tumefaciens
2)  E. coli

3) Haemophilus influenzae

4) Staphylococcus aureus

145. Which one of the following represents a
palindromic sequence in DNA?

1) 5' GAATTC 3'
3' CTTAAG 5'
 
  2) 5' CCAATG 3'

3' GAATCC 5'
 
 

3) 
5' CATTAG 3'
3' GATAAC 5'
 
  4) 5' GATACC 3'

3' CCTAAG 5'
 
 

146. Which of the following method is used for
making the bacterial cell competent?

1) Treating with specific concentration of
movement K+

2) Treating with specific concentration of
divalent Ca2+

3) Heat shock 4) Both (2) and (3)

147.X-gal is added in a culture medium
containing recombinant plasmid, which has
inactivated sequence for  -galactosidase
enzyme due to insertion of a foreign DNA.
Which of the following condition will occur
in this case?

1) Colour will change

2) No colour will change

3) Only slight colour change will occur
4) Gene will become active

148.What would happen if a recombinant DNA
is inserted within the coding sequence of
an enzyme,  -galactosidase?

1) This will result in the inactivation of   -gal
gene

2) The presence of chromogenic substrate
will give blue coloured  colonies

3) The recombinant colonies do not  produce
any colour

4) Both (1) & (3) are correct

149.Which region of 322BRP has the palindromic
sequence of Pvu II?

1) Ramp      2) rop 3) ori

4) In between Ramp  and Rtet

150.Significance of treating bacterial cells
with calcium  chloride before
transformation is to facilitate

1) Binding of DNA to the cell surface

2) Uptake of DNA through membrane
transport proteins

3)Uptake of DNA by creating transient pores
in the bacterial cell wall

4) Expression of antibiotic resistance gene

151. In cloning vector pBR 322, the Bam HI
cloning site is found in which selectable
marker gene:

1)Ampicillin resistance gene
2)Tetracycline resistance gene

3)Chloramphenicol resistance gene
4)Lac Z gene

152.A probe is used in which stage of genetic
engineering:

1)Cleaving DNA 2)Recombining DNA
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3)Cloning 4)Colony hybridisation

153.You suspect your patient to be suffering
from a bacterial disease, however the
number of bacteria in the patient’s body is
very less. Which method can help you
detect these pathogens in the laboratory?

1) Hybridoma technology2) PCR

3) Somatic hybridization

4) DNA fingerprinting
154. The part of Ti (tumour inducing) plasmid

transferred into plant cell DNA is called
1)T DNA 2)Z DNA
3)B DNA 4)A DNA

155. The procedure through which a piece of
DNA is introduced in a host bacterium is
called
1) Cloning 2) Transformation
3) PCR 4) Clonal
selection

156. Down stream processing includes the
separation and purification of
1)transgenic organisms
2)genetically modified organisms from
unmodified organisms
3) biomass of transgenic organisms
4) desirable cloned gene product of
transgenic organisms

157. Stirred - tank bioreactors have been
designed for
1)Purification of the product
2)Ensuring anaerobic conditions in the
vessel
3)Biosynthesis for obtaining foreign gene
product
4)To carrying out separation and purification
and add preservatives.

158.Cells in continuous culture system are
maintained in
1) Stationary phase 2) Lag phase
3) Log phase 4) Either (1) or
(3)

159. Stirrer in stirred tank type bioreactor
facilitates
1) Oxygen delivery from outside to inside

2) Mixing and aeration
3) Temperature control

4) Foam control
160.Find the incorrect match with respect to

insertion of recombinant DNA
1) Micro injection method - Animal cells

2) Gene gun method- Plant cells
3) Disarmed Retroviruses - Animal cells
4) Disarmed Tiplasmid - All angiosperms

161.Recombinant protein is
1) Prepared by ligating amino acid
sequence of different sources
2) Replication of any protein encoding gene
in a heterologus host
3) Replication of a protein encoding gene
in a homologous host
4) A protein encoding gene expressed in a
heterologous host

162.Find the incorrect statement with respect
to genetic engineering technique
1) A transformed host may contain a
recombinant plasmid or a plasmid with only
vector sequences
2) Due to insertional inactivation  –
galactosidase  resistant gene of a plasmid
become inactive
3) Taq–polymerase is a thermostable
enzyme
4) DNA fingerprint is the pattern of DNA
fragments on the gel

163.Find the wrong pair
1) Separation of DNA-Gel electrophoresis
2) Precipitation of DNA - Chilled Ethanol
3) Staining of DNA - Ethydium bromide
4) Multiple copies of DNA - Selectable
marker

164.Colony hybridization is used in
1) Isolation of desired gene
2) Insertional inactivation
3) Cutting of DNA at specific location
4) Selection of transformed cells

165. If you started a PCR protocol with 10
double stranded molecules of DNA, how
many double stranded molecules of
product would you have after 5 cycles of
PCR?
1) 32 2) 1024
3) 160  4) 320
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166.Biotechnology products are synthesized  in
large scale in biorectors involve
1) Foreign gene product
2) Vitamins
3) Vaccines
4) More than one option is correct

167. Select the incorrect statement:
1) The normal E. coli cells carry
resistance against ampicillin, tetracycline
and kanamycin etc.
2) Separated DNA fragments can be
visualized only after staining the DNA
3) You can see pure DNA fragments in the
visible light and without staining
4) Both (1) and (3)

168. In DNA fingerprinting:
(1) The variability of repeated sequences
between two restriction sites in evaluated.
(2) Exonuclease enzyme digests generate
unique fragments
(3) Amplifies fewer DNA

(4) Protein is identified.
169.Which of the following enzyme is used in

case of fungus to cause release of DNA
along with other macromolecules?
1) Lysozyme 2) Cellulase
3) Chitinase 4) Amylase

170.Which one is associated with
Agrobacterium tumifaciens?
(A)Tumor (B) Ti plasmid
(C) T-DNA (D) Cancerous cells
1) A, B 2) B, C
3) A, B, C 4) A, B, C, D

171.A set of bacterial clones, each containing
a plasmid or phage, is called

1) Gene library 2) Gene pool
3) Genophore 4) Genome

172.A single strand of nucleic acid tagged with
a radioactive molecule is called

1) Vector 2) Selectable marker
3) Plasmid 4) Probe

173.The enzymes responsible for restricting the
growth of bacteriophage in ‘Escherichia coli’
is

1) Added methyl group to protein

2) Cut DNA in a particular fashion

3) Added formyl group to DNA
4) Both (1) & (2)

174.Each restriction endonuclease functions by
inspecting the length of a DNA sequence.
It cleaves____

1) Only the master strand to produce  sticky
end

2) Sense strand of DNA to produce  sticky
ends

3) Each of the two strands of the  double helix
at specific points in  their sugar phosphate
backbones

4) Messenger RNA to remove exons

175.Which enzyme is required to prevent
unwanted self-ligation of vector DNA
molecules in recombinant DNA technology?

1)  DNA polymerase

2)  DNA ligase

3)Alkaline phosphatase

4) Reverse transcriptas

QUESTION BANK - 3
1. Read the following and choose the

correct statements
A) First  recombinant DNA-Plasmid
isolated from Salmonella and tagged with
antibiotic resistant gene and  cultured in
E.coli.
B) EcoRI - It recognises a palindrome with
6 base pairs and 14 hydrogen bonds.
C) pBR 322 - 8 restriction sites for eight
types of restriction enzymes, two types of
genes for antibiotic resistance, one for gene
replication of plasmid  (Ori)
D) Copy number - Ori gene that supports
the production of more DNA copies
1) C & D only
2) B & D only
3) A,B,C,D
4) B & C only
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2. Which of the following is/are part of
biotechnology?
A. Correcting a defective gene
B. Developing a DNA vaccine
C. In vitro fertilisation D.Synthesis of a
gene
1) A, B
2) B, C
3) C, D
4) A, B, C, D

3. Arrange the following in the descending
order of their number in restriction site
of E.coRI

I. Number of hydrogen bonds broken

II. Number of covalent bonds broken

III. Total number of hydrogen bonds

IV. Number of hydrogen bonds left intact
after treating with
enzyme

V. Number of unpaired nucleotides left at
each end of the fragment

1) III, V, IV, I, II

2) III,I,IV,II,V

3)  III,I, IV, V,II

4) I,III,V,IV,II
4. Identify the correct sequence of events in

 functioning of restriction enzyme
I. Finding specific recognition sequence
II. Binding to DNA
III. Inspecting the length of DNA
IV. Cutting DNA
1) I,III,II,IV 2) III,II,I,IV
3) II,I,IV,III 4) III, I, II, IV

5. Name the common vectors used to deliver
desirable genes into plants and animals
respectively
I. Ti-Plasmid II. Retrovirus
III. F-plasmid IV. Bacteriophage
1) I – II    2) II – III 3) III – IV 4) I – IV

6. Identify the correct statements from the
following
I) The altered genetic material when
introduced into host does not alter

the phenotype of the organism
II) Ligation of foreign DNA at BamH I site
results in inactivation of ampR gene
III) Genetic engineering allows, introduction
of only desirable genes into the target
organism
IV) Cleavage of the two strands of DNA  by
restriction enzyme may result in staggered
cut
1) II&III 2) III&IV
3) I&III 4) II&IV

7. Which of the following is not a basis of
difference between plasmid and
chromosomal DNA?
a. Presence of histones
b. Nature of histones
c. Nature of nucleotides
d. Linear form of genetic material
1) b & c only 2) a & d only
3) a, b & d only 4) a, b, c & d

8 A mixture containing DNA fragments a,b,c
and d with molecular weights of a+b=c,a>b
and d>c was subjected to agarose gel
electrophoresis . The position of these
fragments from cathode to anode sides of
the gel world.
1)b,a,c,d  2) a.b.c.d 3) d,c,a,b 4) b,a,d,c

9. Higher yields of desired gene product
(protein) are obtained
A) By maintaining the cell culture at ‘lag’
phase
B) By draining out the used medium from
time to time
C) By adding the drained medium along with
fresh medium at periodic intervals and
regular stirring.
D) By adding fresh medium and thoroughly
aerating it
1) A, B, C and D 2) B, C and D only
3) B and D only 4) A, C and D

10. Gel electrophoresis is employed in
I. Separation of DNA fragments
II. Selection of DNA fragments
III. Visualizing DNA
IV. Check the progression of restriction
enzyme digestion
1) I & II 2) II & III
3) III & IV 4) I & IV

11. Arrange the following in correct ascending
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order based on their number
I) Selectable markers in PBR 322 plasmid
II) The ester bonds hydrolyzed in each  strand
of DNA by restriction enzyme at  each target
site
III) The steps in each cycle of PCR
IV) Types of target sites in pBR322 for the
action of restriction enzymes
1) II,I,III,IV 2) IV,III,I,II
3) I,II,IV,III 4) III,II,IV,I

12. Which steps are involved in genetically
modifying an organism?
A) Identification of desirable DNA
B) Insertion of DNA into the host
C) Maintenance of introduced DNA in the

host
D) Isolation of recombinant protein
1) A, B 2) B, C

3) A, B, C 4) A, B, C, D

13. Match the following

List – I              List - II

A) Rene          I) Method of isolating
Descartes         plasmid
B) Herbert    II) Activity of restriction
     Boyer         enzymes in E.coli
C) Cohen III) First recombinant  DNA
D) Cohen &    IV) 17th century

Boyer         V.   Process of rDNA
technology

1) A – IV, B – II, C – I, D – III
2) A – IV, B – I, C – II, D – III
3) A – I, B – II, C – III, D – IV
4) A – II, B – IV, C – I, D – III

14. Match column I & column II and find the
correct match:-

Column I Column II
I. Restriction (A)Jumping

enzyme gene
II. Transposons (B) Cloning

vehicle
III. Bacteriophage (C) Hind III
IV. Palindromes (D)MALAYALAM
(1) I-B, II-A, III-D, IV-C
(2) I-C, II-A, III-B, IV-D
(3) I-D, II-A, III-C, IV-B
(4) I-A, II-D, III-B, IV-C

15. Study the following lists
List-I List-II
A) Vector I) Taq polymerase

B) Artificialplasmid II) Initiating
replication
C) Ori III)  Bacteriophage
D) High temperature IV) PUC 19

V) Hind II
1) , , ,   A IV B V C I D II
2) , , ,   A III B IV C II D I
3)  , , ,   A II B I C IV D III
4) , , ,   A IV B III C I D V

16. Match the following
List - I List - II
A) EcoRI I) Substance which can

inactivate an
antibiotic B) Cosmid
II) Polymer of amino

acids

C) Biolistic III) Gene that encodes
method antibiotic
resistance

D) Selectable IV) Vector with two
    marker sources o f
DNA
V)Direct method of gene

transfer into host cells

The correct match is

     A B C D      A B C D
1) II V IV I 2) II IV V III
3) II I IV III 4) II III IV V

17. Study the following lists.
List – I List – II
A) Separation of I. Chilled Ethanol
DNA fragments
B) Precipitation II) Ethidium bromide of

DNA
C) Staining of III. PCR
DNA
D) Multiple IV. Gel electrophoresis
copies of DNA

V. Selectable marker
The correct match is

A B C D
1) V III I II
2) III I II V
3) IV I II III
4) II III V IV

18.  List – I    List – II
A) Spooling    I) By agarose gel
B) Elution    II) Amplification
C) Sieving effect    III) Separated DNA
 bands extracted    from gel piece
D)Taq-Polymerase  IV) DNA removed after

         purification
   V) Selectable marker
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A B C D
1) III IV V II
2) IV III I II
3) IV V II I
4) II IV I III

19. Match column I and II and find the correct
option.

Column I Column II

A) PCR (i) Large scale culture

B) Bioreactor (ii) To induce alien DNA
in host cell

C) Gene gun (iii)Restriction endonuclease

D) EcoR1 (iv)  Amplification of  gene

1) A-(iv), B-(i), C-(ii), D-(iii)

2) A-(ii), B-(i), C-(iv), D-(iii)

3) A-(iv), B-(i), C-(iii), D-(ii)

4) A-(i), B-(iv), C-(ii), D-(iii)

20. Match column I and II and find the correct
option.

Column I Column II

A) Agarose (i) PCR

B) T-DNA (ii) Gene gun

C) Biolistic (iii) Ti plasmid

D) Thermocycler (iv) Sea weeds

1) A-(d), B-(i), C-(ii), D-(iii)

2) A-(iv), B-(iii), C-(ii), D-(i)

3) A-(iv), B-(i), C-(iii), D-(ii)

4) A-(i), B-(iv), C-(ii), D-(iii)

21. Match column I and II and find the correct
option.

Column I Column II

A. Primers  (i) PCR

B. Separation and  (ii) Ethanol

      purification of      products

C. Precipitation of (iii) Uptake of foreign

    DNA               DNA by bacterium

D. Transformation (iv) Down  stream
      Processing

1) A-(i), B-(iv), C-(ii), D-(iii)
2) A-(ii), B-(i), C-(iv), D-(iii)
3) A-(iv), B-(i), C-(iii), D-(ii)
4) A-(ii), B-(i), C-(iv), D-(iii)

22. Arrange the following events in the correct
order involved in preparation of rDNA
I. Detergent lysis  II.Elution
III. Restriction enzyme digestion
IV. Cell wall degradation
V. DNA spooling
VI. Gel electro phoresis
VII. Ligation with plasmid vector
1) IV, I, V, III, VI, II, VII
2) IV,  I, V, VI, III, II,VII
3) IV, I, III, V, VI, II,VII
4) I, II, III, IV, VI, V, VII

23. Who has got the Nobel Prize for the
discovery of type II restriction enzymes?
A) W. Arber B)  A. Tiselius
C) H. Smith D) D. Nathans
1) A, B 2) B, C
3) C, D 4) A, C, D

24. Consider the following statements and
identify the correct statements
I. While using genes encoding antibiotic
resistence as selectable markers, such  genes
are selected for which host is  naturally
resistant
II.Restriction site of PvuII is present in  ampR

gene
III. Ti plasmid is most widely used in gene
transfer in all plants
IV. Retroviruses are directly used
(unchanged) to deliver desirable genes into
animal cells
1)  All except I 2) All except III
3)  II alone 4) All are incorrect.

25. During gel electrophoresis for separation
of DNA fragment
1) Smallest fragment will move to the farthest
point towards cathode
2) Smallest fragment will move to the farthest
point towards anode
3) Largest fragment will move to the farthest
point towards cathode
4) Largest fragment will move to the farthest
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point towards anode
26.  Gel electrophoresis, a technique used to

separate DNA fragments after the function
of restriction endonuclease. Sundeep takes
the help of his friend Sushi by asking
question, how can we see DNA fragments
after their separation?
The answer is
1)The separated DNA fragments are
visualized after staining the DNA with
Ethidium Bromide    followed by exposure to
UV radiation.
2) The separated DNA fragments are
visualized after staining the DNA with
sodium bromide followed by exposure  to 
-rays.
3) The separated DNA fragments are
visualized after staining DNA with  calcium
bromide followed by exposure to x-rays
4) The separated DNA fragments are
visualized after staining DNA with EtBr
followed by exposure to  rays.

27. In the technique of selection of
transformed, recombinant host cells by
insertional inactivation method, the correct
statement is

1) The enzyme  -galactosidase is

inactivated by the presence of desired  alien
gene in the medium
2) Cells of blue coloured colonies turn
colorless due to insertional inactivation  of

 -galactoside

3)   –galactosidase gene is inactivated  due

to insertion of desired gene in the  amino acid

sequence of the enzyme  -  galactosidase

4) Colonies of recombinant host cells  do  not
produce blue  colour in the presence of
suitable  chromogenic substrate in the medium

28. Given below in the figure of one of the most
commonly used bioreactor.

Acid/Base
for pH
control

Stream for
sterilisation

Motor

Foam
braker

Flat bladed
impeller
Culture
broth

Sterile Air

In this flat bladed impeller helps in :-

1) Maintaining the pH of medium

2) Stirring the liquid medium

3) Regulating temperature of medium

4) Both (1) & (3)

29. Identify the restriction site present in a
structural gene other than antibiotic
resistantgenes in pBR322

Cla I Hind III

BamH I

Sal I

Pvu II

rop

ampR

tetR

ori

pBR322

EcoR I

Pvu I

Pst I

1) BamHI   2) Pst I    3) Sal I 4) Pvu II

30. Examine the figure given below and select right
option giving all the four restiction
endonucleases a,b,c,d that cuts the plasmid at
specific cleavage sites

d

a

c

rop

ampR
tetR

ori

pBR322

b

Find out the a,b,c,d restriction endonucleases
respectively :
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1) Bam HI, PvuII, PvuI, EcoRI

2) SalI, PvuI, PvuII, PstI

3) Bam HI, PvuI, PvuII, HindIII

4) EcoRI, PvuII, PvuI, ClaI

31. The figure below is the diagrammatic
representation of the E.Coli vector pBR
322. Which one of the given options
correctly identifies its certain
component(s)?

Cla I Hind III

BamH I

Sal I

Pvu II

rop

ampR

tetR

ori

pBR322

EcoR I

Pvu I

Pst I

1) Hind III, EcoRI-selectable markers

2) ampR, tetR-antibiotic resistance genes

3) ori-original restriction enzyme

4) rop-reduced osmotic pressure

32. Purified DNA ultimately precipitates out
after the addition of chilled ethanol. It is
can be seen as collection of the threads in
the suspension as seen in the figure. It
refers to

1) DNA spooling 2)  DNA digestion

3) DNA recongnition 4) DNA bands

33. Identify the correct match for the given
figure.

Wells 
Largest Smallest

1
2

3
4

1) Electrophoresis - Differential  migration
of DNA fragments

2) Column Chromatograph - Separation  of
chlorophill pigments

3) Gene cloning - Technique of obtaining  copies
of a particular DNA segment  or a gene

4) Microinjection - Technique of  introducing
foreign genes into a host  cell.

34. A segment of DNA has two restriction sites
X and Y. When incubated with restriction
enzymes I and II, three fragments will be
formed - a, b and c. Which of the following
gel produced by electrophoresis would
represent the separation and identify f
these fragments  correctly?

A B C

well
gel

D

a

a
I II

c b c

b

b

X Y

a a b

dsDNA

c

c

b c a

well
gel

well
gel

well
gel

1) A 2) B 3) C     4) D

35. Consider the following statements and
identify the incorrect statement

1) Asexual reproduction preserves genetic
information

2) Sexual reproduction permit variations

3) An alien DNA linked within the origin
of replication sequence can replicate and
multiply it self in the the host  organism

4) Traditional hybridization procedures
lead to induction and multiplication of  not
only desired gene but underised g e n e s
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aswell

36. Match the following terms in Column - I
with their descriptions by writing the
appropriate letters from column - II

Column - I       Column - II

A.  A molecule used to carry     1.  Restriction

foreign genes in to bacteria
     enzymes

B. A rapid way to amplify  2.Recombination

      DNA in laboratory                  DNA

C.  A way to separate DNA       3. PCR

     fragments base d on their size

D. Molecular scissors   4.  Vector

E. A gene sequence from more    5. Gel

    thanone origin                       electrophoresis

1.  A-v,B-iii,C-iv,D-i,E-ii

2.  A-iii,B-v,C-iv,D-ii,E-i

3.  A-ii,B-iv,C-v,D-i,E-iii

 4.  A-iv,B-iii,C-v,D-i,E-ii

37. Identify the correct match

List - I List - II

A.  Molecular scissors i. Gene
cloning

B.  Polymer chain reaction ii. Transgenic
plants

C.  Transformations iii. Entry of rDNA
into the host cell

D.  Southern Blotting iv.  Isolation of
gene

1.  A-ii,B-iv,C-iii,D-i

2.  A-ii,B-i,C-iii,D-iv

3.  A-iv,B-iii,C-ii,D-i

4.   A-iii,B-ii,C-i,D-iv

STATEMENT TYPE QUESTIONS
Read the following statement and find the
correct answer for the given below
I.  Both statement I and II are correct
II. Statement I is correct , II is incorrect
III. Statement I is incorrect , II is correct
IV. Both statement I and II are incorrect
1. S-I : DNA ligase plays an important role in

recombinant DNA technology

S-II : The linking of antibiotic resistant gene
with plasmid vector became possible by
enzyme DNA ligase.

2. S-I : Restriction enzymes belong to a larger
class of enzymes called nucleases.
S-II : Each restriction enzyme recognises a
specific palindromic nucleotide sequence in
the DNA.

3. S-I : During gel electrophoresis, the DNA
fragments move towards the anode
S-II : DNA fragments are negatively charged
molecules.

4. S-I : Selection of recombinants due to
inactivation of antibiotics is cumbersome
procedure.
S-II : It requires simultaneous plating on two
plates having different antibiotics.

5. S-I : Taq Polymerase is involved in PCR
technique.
S-II : This enzyme remain active during the
high temperature including denaturation of
double stranded DNA.

6. S-I : In recombinant DNA technology,
human genes are often transferred into
bacteria (prokaryotes) or yeast (eukaryote)
S-II : Both bacteria and yeast multiply
very fast to form huge population, which
express the desired gene property.

7. S-I: Plasmids are double stranded extra
chromosomal DNA molecules
S-II : Plasmids are found in not only in
bacteria and also in eukaryotic cells like
yeast

8. S-I : Recombinant DNA can be called as
chimaeric DNA
S-II : The chimaeric DNA is the recombinant
DNA, which is formed of two or more
sources (DNA of different species)

9. S-I : Vector is very useful in recombinant
DNA technology
S-II : Vector is a tool that carries a foreign
DNA molecule to the living cell and plays a
role in multiplication of foreign gene.

10. S-I : A genetic probe is helpful in the
detection of specific DNA sequence
S-II : Genetic probe is a radio labeled DNA,
which has complementary base sequence, of
which the DNA fragment to be detected.

11. S-I : Agrobacterium tumefaciens is popular
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in genetic engineering because this bacterium
is associated with roots of  dicots
S-II : A gene incorporated in the bacterial
chromosomal genome gets automatically
transferred to the crop with which the
bacterium is associated

12. S-I : The first constructed recombinant
DNA was introduced into E.coli.
S-II : The plasmid used in the production
of first recombinant DNA was isolated
from Salmonella typhimureum which is
closely related to E.coli.

13. S-I :  The cells into which the recombinant
DNA are inserted are called transformed
cells
S-II : Transfer of recombinant plasmid into
a host cell is known as transformation

14. S-I:Recombinant DNA obtained by using
DNA lyases
S-II  : In ECORI the letter R is derived
from the name of strain

15. S-I : Genetically engineered
microorganisms help in cleaning the
environment
S-II : They detoxify and degrade toxic
chemicals

16. S-I : Palindromic sequences act as
recognition sites for restriction
endonucleases
S-II : Palindromic sequence of DNA is that
which is not the same in its two strands
while reading in opposite directions

17. S-I : A cloning vector must contain genes
which provide resistance to antibiotics
S-II : A cloning vector must have low
molecular weight

18. S-I : Plasmids are not inheritable
S-II : They contain few genes

19. S-I : The protruding ends of DNA resulted
by restriction endonuclease enzyme pair
with each  other
S-II : They have complimentary base
sequence

KEY

1) 1 2) 1 3) 1 4) 1 5) 1
6) 1 7) 2 8) 1 9) 1       10) 1
11) 1 12) 1 13) 1 14) 3     15) 1
16) 2 17) 1 18) 3 19) 1

QUESTION BANK  -  II
1. Plasmid are siutable vectors for gene

cloning because
(AIIMS-2007)

1)these are small circular DNA molecules,
which can integrate with host chrmosomal
DNA

2)These are small circular DNA molecular
with their own replication origin site

3)These can shuttle between prokaryotic  and
eukaryotic cells

4) these often carry antobiotic resistance
genes

2. Who discovered recombinant DNA
(rDNA) technology? (Kerala PMT 2007)

1) Har Gobind Khorana

2) James D. Watson

3) Stanley Cohen and Herbert Boyer

4) Walter Sutton and Avery

3. Find out the wrong statement

(Kerala PMT 2007)

1)Mobile genetic elements, transposons
were visualized by Barbara Mc Clintock.

2)Udder cell, a somatic cell is used to
produce the cloned sheep by nuclear
transplantation method

3)Dr. Ian Wilmut produced a cloned  sheep
called Dolly.

4)DNA ligases are used to cleave a DNA
molecule

4. Plasmids are (VITEEE Vellore 2007)

1) cDNA

2) mitochondiral DNA

3) circular extrachromosomal DNA in
bacteria

4) viral RNA

5. cDNA is (JIPMER-2007)

1) cloned DNA 2) Circular DNA

3) formed by reverse transcriptase

4) recombinant DNA
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6. A technique which involves delibrate
manipulation of genes within or between
species is called

(Jammu and Kashmir PMT 2007)

1) Gene therapy 2) H y b r i d o m a
technology

3) Tissue culture

4) Genetic engineering

7. One of the key factors, which makes the
plasmid the vector in genetic engineering
is that

(Jammu and Kashmir PMT 2007)

1) It is resistant to antibiotics

2) It is resistant to restriction enzymes

3) Its ability to carry a foreign gene

4) Its ability to cause infection in the  host

8. Which of the following is used as a best
genetic vector in plants?(MP PMT 2007)

1) Bacillus thuriengenesis

2) Agrobacterium tumifaciens

3) Pseudomonas putida

4) All of these

9. In plant biotechnology, root tumours are
induced in plant using the bacterium

(Orissa JEE 2008)

1) Agrobacterium rhizogenes

2) Agrobacterium basilis

3) Rhizobium 4) None of these

10. The polymerase chain reaction is a
technique that (Orissa JEE 2008)

1) is used for in vivo replication of DNA

2) is used for in vivo synthesis of mRNA

3) is used for in vitro synthesis of mRNA

4) is used for in vitro replication of  specific
DNA sequence using thermostable DNA
polymerase

11. The construction of the first recombinant
DNA was done by using the native plasmid

of (Kerala PMT 2008)

1) E.coli

2) Salmonella typhimurium

3) B. thuringiensis 4) Yeast

12. The linking of antibiotic resistance gene
with the plasmid vector became possible
with  (AIPMT
2008)

1) DNA polymerase 2) Exonuclease

3) DNA ligase 4) Endonuclease

13. Gel electrophoresis is used for

(AIPMT 2008)

1) Construction of recombinant DNA by
joining with cloning vectors

2) Isolation of DNA molecules

3) Cutting of DNA into fragments

4) Separation of DNA fragments according
to their size

14. cDNA probes are copied from mRNA
molecule with the help of   (GGSIPU 2009)

1) DNA polymerase

2) RNA polymerase

3) Reverse transcriptase

4) Taq polymerase

15. Electroporation involves (DPMT 2009)

1) Promotion of seed germination by
induced imbibition of water with electric
 current

2) Making transient pores in cell membrane
to facilitate entry of gene constructs

3) Purification of saline water with the help
of an artificial membrane

4) Passage of sucrose through sieve pores
by electro-osmosis

16. Restriction endonucleases are enzymes
which: ( C B S E - P r e
2010)

1) restrict the action of the enzyme DNA
polymerase

2) remove nucleotides from the ends of the
DNA molecule

3) make cuts at specific positions within the
DNA molecule



146

4) recognize a specific nucleotide sequence
for binding of DNA ligase

17. Genetic engineering has been successfully
used for producing : ( C B S E - P r e
2010)
1) transgenic Cow-Rosie which produces
high fat milk for making ghee
2) animals like bulls for farm work as they
have super power
3) transgenic mice for testing safety of polio
vaccine before use in humans
4) transgenic models for studying new
treatments for certain cardiac diseases

18. Which of the following are used in gene
cloning ? (CBSE 2010)
1) Mesosomes 2) Plasmids
3) Nucleoids 4) Lomasomes

19. In genetic engineering, a DNA segment
(gene) of interest, is transferred to the host
cell through a vector. Consider the following
four agents (A-D) in this regard and select
the correct option about which one or more
 of these can be used as a vector/ vectors :

(CBSE 2010)
(A)a bacterium (B) Plasmid
(C) plasmodium (D)Bacteriphage
Options :
1) (A) & (C) only 2)(B) and (D)
only

3) (A), (B) & (D) only 4) (A) only

20. Restriction enzymes : (DPMT 2010)

1) restrict elongation of DNA

2) cut DNA at specific locations

3) link together two pieces of DNA

4) restrict DNA replication

21. The source of Taq polymerase used in PCR
is a : (DPMT 2010)

1) Thermophilic fungus 2) Mesoph i l i c
fungus

3) Thermophilic bacterium

4) Halophilic bacterium

22. Cloning gene is a process where :

(DPMT 2010)

1) gene is cloned in an animal

2) fragments of DNA are transferred from
one organism to another, usually carried
on a DNA vector
3) fragments of DNA cloned in the same
organism using carrier
4) DNA is cloned in plants

23. Enzyme that cleaves nucleic acids within
the polynucleotide chain is known as :

(DPMT 2010)
1) endonuclease 2) exonuclease

3) arylsulfatase 4) phosphotriesterase

24. Agarose extracted from sea weeds is used
in  (AIPMT 2011)

1) spectrophotometry

2) tissue culture

3) PCR

4) gel electrophoresis

25. Which one of the following techniques
made  it possible to genetically engineer
living  organisms? (AIPMT Mains
2011)

1) Recombinant DNA technique
2) X-ray diffraction
3) Heavier isotope labelling
4) Hybridization

26. Read the following four statements  (A-D)
about certain mistakes in two of
them:(DPMT 2011)

A) The first transgenic buffalo, Rosie
produced milk which was human alpha-
lactalbumin enriched

B) Restriction enzymes are used in isolation
of DNA from other macromolecules

C) Downstream processing is one of the steps
of rDNA technology

D) Disarmed pathogen vectors are also used
in transfer of rDNA into the host

Which of the two statements have mistakes?

1) B and C 2) C and D

3) A and C 4) A and B

27. There is a restriction endonuclease called
EcoRI. What does ̀ co’ part in it stand for?

(AIPMT 2011)
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1) colon 2) coelom

3) coenzyme 4) coli

28. Which one is a true statement regarding
DNA polymerase used in PCR

 (AIPMT Prelim 2012)

1) It is used to ligate introduced DNA in
recipient cell

2) It serves as a selectable marker

3) It is isolated from a virus

4) it remains active at high temperature

29. A single strand of nucleic acid tagged with
a radioactive molecule is called:

(AIPMT Prelim 2012)

1) Vector 2) Selectable marker

3) Plsmid 4) Probe

30. For transformation, micro-particles coated
with DNA to be bombarded with gene gun
are made up of:   (AIPMT Prelim 2012)

1) Silver or Platinum

2) Platinum or Zinc

3) Silicon or Platinum 4) Gold or
Tungsten

31. Biolistics (gene-gun) is suitable for

(AIPMT Prelim 2012)

1) disarming pathogen vectors

2) transformation of plant cells

3) constructing recombinant DNA by
joining with vectors

4) DNA fingerprinting

32. In genetic engineering, the antibiotics are
used (AIPMT Prelim 2012)

1) as selectable markers

2) to select healthy vectors

3) as sequences from where replication
 starts

4) to keep the cultures free of infection

33. Cohen and Boyer isolated an antibiotic
resistance gene, by cutting out a piece of
DNA from a plasmid which was responsible
for conferring antibiotic resistance, in the
year (AMU  2012)

1) 1962 2) 1965 3) 1972 4) 1982

34. The restriction enzyme(s) used in
recombinant  DNA technology that make
staggered cuts  in DNA leaving sticky ends
is/are (AMU  2012)
1) Eco R I 2) Hind III
3) Bam H I 4) all of these

35. DNA fragments generated by the
restriction  endonucleases in a chemical
reaction can be  separated by
(NEET 2013)
1) centrifugation
2) polymerase chain reaction
3) electrophoresis
4) restriction mapping

36. The colonies of recombinant bacteria
appear white in contrast to blue
colonies of non- recombinant bacteria
because of
(NEET 2013)

(1) Non-recombinant bacteria containing   -
galactosidase
(2) Insertional inactivation of  -
galactosidase non-recombinant bacteria
(3) Insertional inactivation of  -
galactosidase recombinant bacteria
(4) Inactivation of glycosidase enzyme in
recombinant bacteria

37. The function of polymerase chain reaction
is (UP CPMT 2013)
1) transduction 2) D N A
amplification
3) translation 4) None of these

38. Cosmid is (UP CPMT 2013)
1) extragenetic material in mycoplasma
2) circular DNA in bacteria
3) Extra DNA in bacteria
4) fragment of DNA inserted in bacteria for
forming copies

39. Restriction enzymes are used to cut
(WB JEE 2013)

1) single stranded RNA
2) double stranded DNA
3) single stranded DNA
4) double stranded RNA

40. Which one of the following bacterium is
used for production of transgenic plants.
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(WB JEE 2013)
1) Escherichia coli
2) Pseudomonkes
3) Staphylococcus aureus
4) Agrobacterium tumefaciens

41. Centre of DNA Fingerprinting and
Diagnostics (CDFD) is located at

(AIIMS 2013)
1) Delhi 2) Chennai
3) Kolkata 4) Hyderabad

42. pBR322, Which is frequently used as a
vector  for cloning gene in E. coli is a/an

(AIIMS 2013)
1) original bacterial plasmid
2) modified bacterial plasmid
3) viral genome
4) transposon

43. PCR involves (OJEE 2013)
1) DNA mutation
2) DNA amplification
3) Gene signaling 4) Gene sequencing

44. Incorrect statement about plasmid is
(OJEE 2013)

1) It is active genetic material
2) It is an integral part but inert genetic
material
3) It is made up of RNA
4) It replicates autonomously

45. Which vector can clone only a small
fragment  of DNA?
(AIPMT 2014)
1) Cosmid
2) Bacterial artificial chromosome
3) Yeast artificial chromosome
4) Plasmid

46. An analysis of chromosomal DNA using the
Southern hybridization technique does not
use (AIPMT 2014)

1) PCR 2) Electrophoresis

3) Blotting 4)
Autoradiography

47. In vitro clonal propagation in plants is
characterized by (AIPMT 2014)

1) Microscopy 2) PCR and RAPD

3) Northern blotting

4) Electrophoresis and HPLC

48. Commonly used vectors for human genome
sequencing are (AIPMT 2014)

1) T/A Cloning Vectors 2) T – DNA

3) BAC and YAC 4) E x p r e s s i o n
Vectors

49. The DNA molecule to which the gene of
interest is integrated for cloning is called

(AIPMT 2015)

1) Carrier 2) Transformer

3) Vector 4) Template

50. The cutting of DNA at specific locations
became possible with the discovery of:

(AIPMT 2015)
1) Ligases 2) R e s t r i c t i o n
enzymes
3) Probes 4) Selectable markers

51. The introduction of T-DNA into plants
involves : (AIPMT 2015)
1) Allowing the plant roots to stand in water
2) Infection of the plant by Agrobacterium

tumefaciens

3) Altering the pH of the soil, then heat-
shocking the plants

4) Exposing the plants to cold for a brief
period

52. Which of the following is not required for
any of the techniques of DNA
fingerprinting available at  present :

(NEET-2016 Ph-1)
1) Polymerase chain reaction
2) Zinc finger analysis

3) Restriction enzymes
4) DNA-DNA hybridization

53. Which of the following is a restriction
endonuclease? (NEET-2016 Ph-1)

1) Hindi II 2) Protease
3) DNase I 4) RNase

54. Stirred-tank bioreactors have been
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designed for (NEET-2016 Ph-II)

1) Availability of oxygen throughout the
process

2) Ensuring anaerobic conditions in the
culture vessel

3) Purification of product

4) Addition of preservatives to the
product

55. A foreign DNA and plasmid cut by the
same restriction endonuclease can be
joined to form a recombinant plasmid using

( N E E T- 2 0 1 6
Phase-II)
1)  Polymerase-III 2)  Ligase

3) Eco RI 4) Taq polymerase
56. Which of the following is not a component

of downstream processing?
 (NEET-2016 Phase-II)

1) Preservation 2) Expression
3) Separation 4)  Purification

57. The process of separation and purification
of expressed protein before marketing is
called  (NEET-2017 )
1) Upstream processing

2) Downstream processing
3) Bioprocessing
4)  Postproduction processing

58. What is the criterion for DNA fragments
movement on agarose gel during gel
electrophoresis?  (NEET-2017 )
1) The larger the fragment size, the farther it
moves
2) The smaller the fragment size, the farther
it moves

3) Positive charged fragment moves to
farther end
4) Negatively charged fragements do not
move

59. A gene whose expression helps to identify
transformed cell is known as

 (NEET-2017 )

1) Selectable marker 2) Vector
3) Plasmid 4) S t r u c t u r a l
gene

60. The DNA fragements separated on an
agarose gel can be visualised after staining
with  (NEET-2017 )

1) Bromophenol blue 2) Acetocarmine
3) Aniline blue 4) E t h i d i u m
bromide

61. The correct order of steps in Polymerase
Chain Reaction (PCR) is (NEET-2018 )
1) Denaturation, Annealing, Extension
2) Denaturation, Extension, Annealing
3) Annealing, Extension, Denaturation
4) Extension, Denaturation, Annealing

62. Following statements describe the
charecteristics of the enzymne restriction
endonuclease . Identify the incorrect
statement. (NEET - 2019)
1)  The enzyme recognize a specific
palindromic nucleotide sequence in the DNA.
2)  The enzyme cuts DNA molecule at
identified position within the DNA
3) The enzyme binds DNA at specific sites
and cuts only one of the two strands.
4)  The enzyme cuts the sugar-phosphate
backbone at specific sites on each strand

63. Which of the following features of genetic
code does allow bacteris to produce human
insulin by  recombinant DNA technology ?

(NEET - 2019 )
1)  Genetic code is specific
2)  Genetic code is not ambiguous
3)  Genetic code is redundant
4)  Genetic code is nearly universal

64.  Wchi one of the following equipments is
essentially required for growing microbes
on a large scale , for industrial production
of enzymes ? (NEET - 2019 )
1)  Bioreactor 2)  BOD incubator
3)  Sludge digester4)  Industrial oven

65. DNA precipitation out of a mixture of
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biomolecules can be achieved by treatment
with : (NEET- 2019 )
1)  Chilled chloroform2)  Isopropanol
3)  Chilled ethanol
4)  Methanol at room temperature

66. A selectable marker is used to :
(PMA-2019)

1)  help in eliminating the non transformants
so that the transformants can be regenerated
2)  identify the gene for a desired traits in an
alien organism
3)  Select a suitable vector for transformation
in a specific crop
4)  mark a gene on a chromosome for isolation
using restriction enzyme.

67. Given below are four statements pertaining
to separation of DNA fragments using Gel
Electrophoresis. Identify the incorrect
statements (PMA-2019)
(a)  DNA is negatively charged molecule
and so it is loaded on gel towards the anode
terminal
(b) DNA fragments travel along the surface
of the gel whose concentration does not
affect movement of  DNA
(c) Smaller the size of DNA fragment ,
larger is the distance it travels through it.
(d) Pure DNA can be visualized directly by
exposing to UV radiation.
Choose correct answer from the options
given below
1)  a , c and d 2)  a , b and c
3) b , c and d 4)  a , b and d

68. In Annealing   (JIPMER - 2019)
1)  Primers anneal to the DNA template
2)  Taq polymerase adds nucleotides to the
annealed primer
3)  Two strands of the DNA separate
4)  Temperature is 92 Degree C

KEY
QUESTION BANK - 1

23.(2) 24.(2) 25.(4) 26.(3)

27.(4) 28.(3) 29.(2) 30.(3)

31.(1) 32.(4) 33.(2) 34.(2)

35.(3) 36.(2) 37.(3) 38.(2)
39.(4) 40.(1) 41.(1) 42.(2)
43.(1) 44.(2) 45.(1) 46.(4)
47.(2) 48.(2) 49.(3) 50.(1)
51.(3) 52.(4) 53.(3) 54.(1)
55.(4) 56.(3) 57.(4) 58.(2)
59.(4) 60.(3) 61.(3) 62.(2)
63.(1) 64.(4) 65.(2) 66.(4)
67.(3) 68.(2) 69.(3) 70.(2)
71.(2) 72.(3) 73.(3) 74.(4)
75.(4 ) 76.(2 ) 77.(3) 78.(4 )
79.(1) 80.(3) 81.(3) 82.(3)
83.(3)

QUESTION BANK - 2
83.(2) 84.(3) 85.(4) 86.(4)
87.(2) 88.(1) 89.(2) 90.(3)
91.(1) 92.(1) 93.(2) 94.(4)
95.(2) 96 (4) 97.(2) 98.(3)
99.(3) 100.(1) 101.(3) 102.(3)
103.(3) 104.(4) 105.(1) 106.(4)
107.(3) 108.(3) 109.(1) 110.(1)
111.(3) 112.(3) 113.(1) 114.(3)
115.(3) 116.(4) 117.(3) 118.(4)
119.(1) 120.(1) 121.(1) 122.(3)
123.(1) 124.(2) 125.(2) 126.(1)
127.(2)   128.(2) 129.(2) 130.(1)
131.(1) 132.(3) 133.(3) 134.(1)
135.(3) 136.(1) 137.(1) 138.(4)
139. (3) 140.(3) 141.(4) 142.(4)
143.(1) 144.(1) 145.(1) 146.(4)
147.(2) 148.(4) 149.(2) 150.(1)
151.(2) 152.(4) 153.(2) 154.(1)
155.(2) 156.(4) 157.(3) 158.(3)
159.(2) 160.(4) 161.(4) 162.(1)
163.(4) 164.(4) 165.(4) 166.(4)
167.(4) 168.(1) 169.(3) 170.(4)
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171.(1) 172.(4) 173.(2) 174.(3)
175.(3)

 QUESTION BANK - 4
1) 3 2) 4 3) 3 4) 4 5) 1
6) 2 7)1 8) 3 9) 3 10) 4
11) 1 12)3 13)1 14)2 15) 2
16) 2 17) 3 18)2 19) 1 20) 2
21) 1 22) 1 23) 4 24) 4 25) 2
26) 1 27) 4 28) 2 29) 4 30) 3
31) 2 32) 1 33) 1 34) 2 35) 4
36) 4 37) 2

 QUESTION BANK - 5
01. (2) 02. (3) 03. (4) 04. (3) 05. (3)
06. (4) 07.(3) 08. (2) 09. (1) 10. (4)
11. (2) 12.(3) 13.(4) 14.(3) 15. (2)
16. (3) 17. (3) 18.(2) 19. (2) 20. (2)
21. (3) 22. (2) 23. (1) 24. (4) 25. (1)
26. (4) 27. (4) 28. (4) 29. (4) 30. (4)
31. (2) 32. (1) 33. (3) 34. (4) 35. (3)
36. (1) 37. (2) 38. (4) 39. (2) 40. (4)
41. (4) 42. (2) 43. (2) 44.(3) 45. (4)
46. (1) 47. (2) 48. (3) 49. (3) 50. (2)
51. (2) 52. (2) 53. (1) 54. (1) 55. (2)
56. (2) 57. (2) 58. (2) 59. (1) 60. (4)
61. (1) 62.(3) 63.(3) 64.(1) 65.(3)
66.(1) 67.(4) 68.(1)
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CH:12-BIOTECHNOLOGY AND ITS APPLICATIONS

INTRODUCTION

* Biotechnology essentially deals with large scale production of valuable products (primary

and secondary metabolites, proteins, enzymes, coenzymes, hormones, second messengers,

vitamins, antibiotics, drugs and pharmaceuticals) useful for the  society.

* Bacteria, fungi, plants and animals whose genes are manipulated (altered)  for producing

valuable products and services are called Genetically Modified Organisms (GMO).

* The applications of Biotechnology include therapeutics, diagnostics, genetically modified

crops, food processing, bioremediation, waste treatment and energy production.

Three critical research areas of biotechnology are:

i) Providing the best catalyst in the form of GMO or pure enzyme

ii) Creating optimal conditions through engineering for a catalyst to act.

iii) Down streaming processes to purify the proteins/organic compound.

BIOTECHNOLOGICAL APPLICATIONS IN AGRICULTURE

    Food production can be increased by using the following three options:

    i) Agrochemical based agriculture.

    ii) Organic agriculture.

    iii) Genetically engineered crop based agriculture.

1. Agrochemical based agriculture :

* The Green Revolution is a period of agricultural transformation that took between 1940

and 1960. During this period, several other countries including India experienced triple

increase in the crop production.

The term green revolution was given by William Gaud (1968),  Director of united states

agency for international development (USAID) at that time.

* Norman E. Borlaug initiated and was successful in producing high  yielding, disease resis-

tant and semi-dwarf wheat and maize varieties in Mexico. For his contributions to green

revolution, he was awarded with a Nobel peace prize in 1970 and regarded as “Father of

Green Revolution”.

* Dr. M.S. Swaminathan is known as “Father of Green Revolution in India” for his

contributions to green revolution in India.

* Increased crop yield during green revolution period is partly due to the use of improved

crop varities, but mainly due to the use of better management practices and use of

agrochemicals (Fertilizers and Pesticides).

* Now a days, green revolution is not in practice in India and other countries because the

agrochemicals  have become too expensive to buy by the farmers and they showed negative

impacts on non-target organisams and environment.
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* Further  increase in crop yield with these exsiting varities is not possible using conventional

breeding methods.

2. Organic agriculture (Farming) :

* Organic farming depends on techniques such as crop rotation, green manure, compost

and biological pest control.

* Organically grown food is superior in mineral and vitamin content to the conventional crop

food.

* Organic food is free from the toxic chemicals such as fertilizers and pesticides.

* Organically grown food tastes better than that of conventionally grown food.

* Organically grown foods will have a longer shelf time than those of conventional crops.

3. Genetic engineering crop based agriculture :

* It is not possible to transfer foreign genes between two unrelated organisms and also be-

tween prokaryotes and eukaryotes by traditional or conventional breeding methods.

* Bacteria, fungi, plants and animals whose genes have been altered by manipulation are called

Genetically Modified Organisms (GMO).

* The gene which is transfered to another organism artificially by genetic engineering is called

Transgene. Plants with transgenes are called Transgenic Plants (TP) or Genetically

Modified Crops (GMC).

Benefits of genetic modification:

* Made crops more tolerant to abiotic stresses (cold, drought, salt, heat etc.).

* Reduced reliance on chemical pesticides (pest-resistant crops).

* Helped to reduce post harvest losses.

* Increased efficiency of mineral usage by plants which prevents early exhaustion of fertility of

soil.

* Enhanced nutritional value of food. Eg: Golden rice. (Vitamin A enriched rice)

* Improved shelf-life. Eg: Flavr-Savr Tomatoes.

* Improved resistant to pesticide, herbicide and other chemical compounds.

* GM has been used to create tailor-made plants to supply alternative resources to industries,

in the form of starches, fuels and pharmaceuticals.

* Some of the applications of biotechnology in agriculture that you will study in detail are the

production of pest resistant plants, which could decrease the amount of pesticide used.

* Bt toxin is produced by a bacterium called Bacillus thuringiensis (Bt for short).

* Bt toxin gene has been cloned from the bacteria and been expressed in plants to provide

resistance to insects without the need for insecticides; in effect created a bio-pesticide.

Genetically Modified Crops
(TRANSGENIC PLANTS)

* Plants with desirable characters created through gene transfer methods are called
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transgenic plants.

* Ti plasmid of Agrobacterium tumefaciens has been widely used as an effective vector

for obtaining transgenic plants.

When a transgene is introduced into the genome of an organism, it can achieve one of the

following  properties:

* Produces a normal protein or over expresses a protein of interest.

* Produces the phenotype of interest.

* Modifies an existing metabolic pathway so as to produce a modified or a new product.

* Suppresses the expression of an existing gene endogenously.

A. INSECT RESISTANT TRANSGENIC PLANTS

Examples: Bt-cotton, Bt-corn, Bt-rice, Bt-tomato, Bt-potato and Bt-soyabean etc.

Bt-cotton:

* Some strains of Bacillus thuringiensis produce proteins that kill certain insects such as

lepidopterans (tobacco budworm, armyworm), coleopterans (beetles) and dipterans

(flies, mosquitoes).

* B. thuringiensis forms protein crystals during a particular phase of their growth. These

crystals contain a toxic insecticidal protein.

* Actually, the Bt toxin protein exist as inactive protoxins but once an insect ingest the

inactive toxin, it is converted into an active form of toxin due to the alkaline pH of the gut

which solubilise the crystals.

* The activated toxin binds to the surface of midgut epithelial cells and create pores that

cause cell swelling and lysis and eventually cause death of the insect.

* Specific Bt toxin genes were isolated from Bacillus thuringiensis and incorporated into

the several crop plants such as cotton.

* The choice of genes depends upon the crop and the targeted pest, as most Bt toxins are

insect-group specific. The toxin is coded by a gene named cry. There are a number of

them, for example, the proteins encoded by the genes cryIAc and cryIIAb control the

cotton bollworms, that of cryIAb controls corn borer.

* These proteins form crystalline inclusions on bacterial spores and hence are called

Crystal proteins (Cry-proteins). These cry-proteins are encoded by Crystal genes

(Cry-genes) which are classified mainly into  Cry-I, Cry-II, Cry-III and Cry-IV groups.

 CryIAc and CryIIAb genes via their proteins control the cotton bollworms  and

CryIAb genes via its proteins control corn borers
B. PEST (Nematode) RESISTANT TRANSGENIC PLANTS : RNAi TECHNOLOGY

* Several nematodes parasitise a wide variety of plants and animal including human beings.

* Meloidegyne incognitia is known as a root-knot nematode which infects the roots of plants
including tobacco and causes root-knot disease. This disease results in a major reduction in
yield.
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* A novel strategy called RNA interference (RNAi) was adopted to prevent the infection of
this nematode.

* RNAi takes place in all eukaryotic organisms as a method of cellular defense.

* This method involves silencing of a specific m-RNA in the presence of a complementary
ds-RNA.

* This ds-RNA binds with the m-RNA and inhibits the translation of mRNA (gene silencing).

* The source of this ds-RNA can be viruses or mobile genetic elements (transposons) that
replicate via an RNA intermediate.

Strategy of nematode resistant transgenic tobacco:

* In this method, nematode-specific genes (Viral DNA or Transposon DNA) are intro-
duced into the host

plant using Agrobacterium vectors (disarmed Ti plasmid vectors).

* The introduction of foreign DNA is such that it produced both sense and anti-sense
RNAs in host plant cells.

* These two RNAs, being complementary to each other, forms a dsRNA in host cells that
initiates RNAi.

* The consequence was that the parasite could not survive in a transgenic host expressing
specific interfering RNA.

* The transgenic plant therefore got itself protected from the parasite.

* Several transgenic plants have been produced to meet specific needs of agriculture and
human life. Some of these are given below.

C. TRANSGENIC PLANTS SUITABLE FOR FOOD PROCESSING TECHNOLOGY:
(FLAVR - SAVR - TOMATO) (BRUISE RESISTANT TOMATO)

i) Transgenic tomato ‘Flavr Savr’ is bruise resistant i.e., suitable for storage and trans-
port due to delayed ripening and offers longer shelf life.
ii) Tomato fruit ripening is due to the degradation of pectin cell walls by polygalacturonase

(PG) enzyme.

iii)The expression of PG is suppressed  (endogenous suppression) with the help of a

transgene by  using anti-sense RNA technique.

iv) These transgenic tomatoes are rich in flesh, soluble solids and flavour, show longer shelf-

life and transport life and bruise (damage)-resistant because of delayed ripening.

D. TRANSGENIC PLANTS WITH IMPROVED NUTRITIONAL VALUE.
GOLDEN RICE :
i) Transgenic golden rice obtained from ‘Taipei’ is rich in vitamin A and prevents blindness.

ii) Golden rice is a transgenic variety of rice (Oryza sativa) which contains good quantities of
beta  carotene or pro vitamin A – inactive state of vitamin A.

iii) Beta carotene is a principal source of vitamin A. Since the grains of the rice are yellow in
color due to beta carotene, the rice commonly called as golden rice.
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iv) Golden rice was created by Ingo Potrykus and Peter Beyer (2000).

v) Golden rice was created by transforming three beta-carotene biosynthesis genes:
E. TRANSGENIC PLANTS USEFUL FOR HYBRID SEED PRODUCTION.

i) Male sterile plants of Brassica napus are produced. This will eliminate the prob-
lem of manual emasculation and reduce the cost of hybrid seed production.
ii) These genes were transformed into host plant by using disarmed Ti plasmid- expression
vectors.

F. TRANSGENIC PLANTS TOLERANT TO ABIOTIC STRESSES CAUSED BY CHEMICALS, COLD,
DROUGHT, SALT, HEAT ETC.,
i) Basmati variety of rice was made resistant against biotic and abiotic stresses.
ii) Round up ready soyabean is herbicide tolerant.

* Glyphosate (Gulfosinate) (Round Up) is a herbicide which inhibits Enoyl Pyruvate
* When these herbicides are sprayed to eliminate weed plants, normal plants are also affected

along  with weeds in most of the cases.
G. TRANSGENIC CROP PLANTS  RESISTANT TO PATHOGENS AND PESTS.

i) Transgenic papaya is resistant to papaya ring spot virus.

ii) Transgenic tomato plants are resistant to the bacterial pathogen Pseudomonas.

iii) Transgenic potato plants are resistant to the fungus Phytophthora.

* Besides these, genetically modified crops have evolved as alternative resources to industries,
in the form of starches, fuels and pharmaceuticals.

* Transgenic plants have been shown to express the genes of insulin, interferon, human growth
hormones, antibiotics, antibodies etc., These biochemicals produced by plants are as good
as or sometimes better than those produced in bacteria.

* Utilization of plants as biofactories or bioreactors for obtaining commerically useful products,
specialized medicines, chemicals and antibodies on a large scale is described as molecular
farming.

APPLICATIONS OF BIOTECHNOLOGY IN MEDICINE

(MEDICAL BIOTECHNOLOGY)

* The recombinant DNA technology processes have made immense impact in the area of

healthcare by enabling mass production of safe and more effective therapeutic drugs.

* The recombinant therapeutics do not induce unwanted immunological responses as a com-

mon in case of similar products isolated from non-human sources.

* At present, about 30 recombinant therapeutics have been approved for human-use

the world over. In India, 12 of these are presently being used in marketed.

A. Genetically Engineered Insulin

* Insulin used for diabetes was earlier extracted from pancreas of slaughtered cattle and pigs.

* Insulin from an animal source, though caused some patients to develop allergy or other types

of reactions to the foreign protein.

* Insulin consists of two short polypeptide chains: chain A and chain B, that are linked together

by disulphide bridges.
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* In mammals, including humans, insulin is synthesised as a prohormone (like a pro-enzyme, the

pro- hormone also needs to be processed before it becomes a fully mature and

functional hormone) which contains an extra stretch called the C peptide.

* This C peptide is not present in the mature insulin and is removed during maturation into

insulin.

* The main challenge for production of insulin using rDNA techniques was getting insulin

assembled into a mature form.

* In 1983, Eli Lilly an American company prepared two DNA sequences corresponding to A

and B, chains of human insulin artificially and introduced them in plasmids of E. coli to

produce insulin chains.

* Chains A and  B were produced separately, extracted and combined by creating disulphide

bonds artificially to form human insulin.

 A-chain and B-chain are linked by two inter-chain -s-s- bonds (A7 to B7 and A20 to B19)

and A-chain shows one intra-chain -s-s- bond (A6 to A11).

 Insulin is used to lower high glucose level in blood. The high glucose level in blood leads to

a disease called DIABETES (sugar disease).

 Insulin was discovered by Banting and Best and used to treat diabetes for the first time.

 In mammals, insulin is synthesised as an inactive form called prepro-insulin in pacreatic cells

and later processed into a less active pro-insulin which contains A-chain followed by C-

peptide (31 residues) and B-chain. This pro-insulin is finally processed into active insulin by

the removal of C-peptide.
Preproinsulin
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 Fig : Insulin Biosynthesis
B. GENE THERAPY

* Gene therapy is a collection of methods that allows correction of a gene defect that has
been diagnosed in a child/embryo. Here genes are inserted into a person’s cells and
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tissues to treat a disease.
* Correction of a genetic defect involves delivery of a normal gene into the individual or

embryo to take over the function of and compensate for the non-functional gene.
* The first clinical gene therapy was given in 1990 to a 4-year old girl  (Srilanka) with

adenosine deaminase (ADA) deficiency.
* This enzyme is crucial for the immune system to function. The disorder is caused due to

the deletion of the gene for adenosine deaminase.
* In some children ADA deficiency can be cured by bone marrow transplantation; in

others it can be treated by enzyme replacement therapy, in which functional ADA is
given to the patient by injection.

* But the problem with both of these approaches that they are not completely curative. As
a first step towards gene therapy, lymphocytes from the blood of the patient are grown
in a culture outside the body.

* A functional cDNA coding for ADA is then introduced into these lymphocytes using a
retroviral vector which are subsequently returned to the patient.

* However, as these cells are not immortal, the patient requires periodic infusion of such
genetically engineered lymphocytes. However, if the gene isolate from marrow cells
producing ADA is introduced into cells at early embryonic stages, it could be a perma-
nent cure.

* Bone marrow transplantation and organ transplants have been found to introduce
foreign DNA into patients.

C. MOLECULAR DIAGNOSIS
* Early diagnosis of diseases is not possible by conventional methods of diagnosis like

analyses of serum, urine, cerebrospinal fluid etc.

* Recombinant DNA (r-DNA) technology, Polymerase Chain Reaction (PCR) and
Enzyme Linked Immuno-sorbent Assay (ELISA) are some of the techniques that serve
the purpose of early diagnosis.

* Presence of a pathogen (bacteria \ viruses) is normally suspected only when the patho-
gen has produced a disease symptom. By this time the concentration of pathogen is
already very high in the body.

* However, very low concentration of a bacteria or virus (at a time when the symp-
toms of the disease are not yet visible) can be detected by amplification of their
nucleic acid by PCR.

* PCR is now routinely used to detect HIV in suspected AIDS patients. It is being used to
detect mutations in genes in suspected cancer patients too.

* A single stranded DNA or RNA, tagged with a radioactive molecule (probe) is allowed
to hybridise to its complementary DNA in a clone of cells followed by detection using
autoradiography.

* The clone having the  mutated gene willhence not appear on the photographic film,
because the probe will not have complimentary with the mutated gene.

* ELISA is based on the principle of antigen-antibody interaction. Infection by pathogen
can be detected or by detecting the antibodies synthesised against the pathogen. Ag and
Ab nature and their concentration are also determind in ELISA.

ETHICAL ISSUES
* The manipulation of living organisms by the human race cannot go on any further,

without regulation.
* Some ethical standards are required to evaluate the morality of all human activities that

might help or harm living organisms.
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* Genetic modification of organisms can have unpredicatable results when such organ-
isms are introduced into the ecosystem.

* Therefore, the Indian Government has set up organisations such as GEAC (Genetic Engi-
neering Approval Committee), which will make decisions regarding the validity of GM
research and the safety of introducing GM-organisms for public services.

BIOPATENT
* A patent is the right granted by a government to an inventor to prevent others from

commercially using his invention.
* At present, patents are being granted for biological entities and for products derived from

them. These patents are called biopatents.
* Biopatents are being granted by the Government for biological entities and products derived

from them. Countries like USA, Japan, members of European Union are granting biopatents.
BIOPIRACY
* Biopiracy is the term used to refer to the use of bio-resources by multinational companies

and other organisations without proper authorisation from the countries and people con-
cerned without compensatory payment.

* Most of the  industralised nations are rich financially but poor in biodiversity and traditional
knowledge.

* In contrast the developing and the underdeveloped world is rich in biodiversity and tradi-
tional knowledge related to bio-resources.

* Traditional knowledge related to bio-resources can be exploited to develop modern appli-
cations and can also be used to save time, effort and expenditure during their
commercialisation.

* There has been growing realisation of the injustice, inadequate compensation and benefit
sharing  between developed and developing countries. Therefore, some nations are devel-
oping laws to prevent such unauthorised exploitation of their bio-resources and traditional
knowledge.
Biopiracy of Neem:

Biopiracy of Basmati Rice:
* Rice is an important food grain, the presence of which goes back thousands of years in

Asia’s agricutlural history.
* There are an estimated 200,000 varieties of rice in India alone.
* The diversity of rice in India is one of the richest in the world.
* Basmati rice is distinct for its unique aroma and flavour and 27 documented varieties of

Basmati are grown in India.
 In 1997, an American company got patent rights on Basmati rice through the US Patent

and Trademark Office.
 Indian Basmati was crossed with semi-dwarf varieties and claimed as an invention.

This allowed the company to sell a ‘new’ variety of Basmati, in the US and abroad.
 The Indian Parliament has recently cleared the second amendment of the Indian Patents

Bill, that takes such issues into consideration, including patent terms, emergency
provisions and research and development initiative.
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QUESTION BANK - 1

1. Important objective of biotechnology in
agriculture section is:

(1) To reproduce pest resistant varieties of
plant

(2) To increase the nitrogen content

(3) To decrease the seed number
(4) To increase the plant weight

2. The science of biotechnology has con-
tributed to the field of

(1) Health (2) Pharmacy
(3) Agriculture and industry

(4) All above

3. In which of the following industrial areas
biotechnology is applicable?

(1) Health care (2) Environment
(3) Agriculture (4) All of the above

4. Maximum and successful utilization
techniques of biotechnology has been
made in the field of:

(1) Agriculture (2) Medicines

(3) Industries (4) Biogas production

5. The main technique involved in agricul-
tural biotechnology is called:

(1) Tissue culture (2) Transformation
(3) Plant breeding (4) DNA replication

6. Genetically modified organisms are used
for

(1) Reducing reliance on chemical
pesticides (2) Developing pest-resistant
crops

(3) Increasing efficiency of mineral usage
by plant that prevents early exhaustion of
fertility of soli

(4) All of the above

7. The applications of biotechnology
includes

(1) Industrial scale production of
biophramaceuticals and biological using
genetically modified microbes, fungi,
plants and animals.

(2) Therapeutics,diagnostics and
bioremediation.

(3) Genetically modified crops for
agriculture, processed food, waste
treatment and energy production.

(4) All of the above

8. Biotechnology  does not deal with

(1) industrial scale production of
biopharmaceuticals and biologicals

(2) genetically modified microbes  and
crops for agriculture

(3) processed food, bioremediation, waste
treatment

(4) energy conservation

9. The critical research areas of
biotechnology are

(1) Downstream processing technologies
to purify the protein/organic compound

(2) Providing the best catalyst in the form
of improved organism usually a microbe or
pure enzyme

(3) Creating optimal conditions through
engineering for a catalyst to act

(4) All of the above

10. The broad areas of food production are

1) Agro-chemical based agriculture

2) Organic agriculture

3) Genetically engineered crop based
agriculture

4) All of the above

11. Father of Green Revolution

(1) N. E Borlaug (2) M.S. Swaminathan

(3) V. Kurein (4) William Gaud

12. Father of Indian Green Revolution

(1) N. E Borlaug (2) M.S. Swaminathan

(3) V. Kurein      (4) William Gaud

13. The substantial and dramatic increase in
agricultural production experienced by
several countries including India
during 1960’s was termed as green
revolution by

(1) N. E Borlaug (2) M.S. Swaminathan
(3) V. Kurein (4) William Gaud
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14. Though green revolution has been a
resounding success in terms of
agricultural production, yet it has failed
in its overall social objectives because
(1) It has not succeeded in making India
and permanently self-sufficient in food.
(2) Use of agrochemicals becomes very
expensive for Indian farmers as well as
these have harmful effects on environment.
(3) Its reliance on conventional breeding
methods
(4) All of these.

15. Enhancement of food production during
green revolution was mainly due to the
use of ___
(1) Chemicals  (2) Biochemicals
(3) Photochemicals  (4)
Agrochemicals

16. Genetic modification has:
(1) made crops less tolerant to abiotic
stresses (2) increased reliance on
chemical pesticides
(3) helped to reduce post harvest losses.
(4) decreased efficiency of mineral usage by
plants

17. Breeding for disease resistance
requires
(1) A good source of resistant genes
(2) Planned hybridization
(3) Disease test
(4) All of these

18. Which of the following is responsible for
causing disease in plants?
(1) Virus (2) Protozoan
(3) Lichens (4) All the above

19. Pathophysiology is the:
1) Study of pathogen
2) Study of normal physiology of host
3) Study of  changes associated with
disease 4) Study of plant diseases

QUESTION BANK - 2

20. Which is the most common
bioinsecticide for the protection of
cotton ?
(1) Pyrethrin (2) Rotenone
(3) Eicer (4) Bacillus

thuringiensis
21. Which of the following can be

controlled with the help of
biopesticides?
(1) Insect pests (2) Bacteria
(3) Weeds (4) All the above

22. Bacillus thuringiensis produce a protein
that kills
(1) Plants (2) Nematodes

(3) Other bacteria (4) Some insects
23. Toxin proteins produced by the bacterial

gene destroys -
(A) Aphids (B) Grasshop-
pers (C) Boll worms (D) Corn
borers
1) A & B 2) B & C
3) C & D 4) A & D

24. Bacillus thuringiensis (Bt) strains have
been used for designing novel:
(1) Bio-metallurgical techniques
(2) Bio-insecticidal plants
(3) Bio-mineralization processes
(4) Bio-fertilizers

25. The abbreviation ‘Bt’ in ‘Bt’ toxin
stands for
(1) Biotechnology (2) Biotoxin
(3) Bacillus thuringiensis (4) Any bacte-
ria

26. What does Bt stand for in the popular
crop of Bt cotton:
(1) Biotechnology
(2) Best type
(3) Bacillus tomentosa
(4) Bacillus thuringiensis

27. Bt- toxin is a
(1) Exotoxin (2) Reserve food
(3) Endotoxin (4) Enzyme

28.  Bt toxin gene has been obtained from
(1) Protistan (2) Virus
(3) Moneran (4) Fungi

29. A protoxin is a/an
(1) Primitive toxin (2) Denatured
toxin (3) Toxin produced by protozoa

(4) Inactive toxin
30. In which of the following plants Bt toxin
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gene is expressed?
(1) Bt Cotton (2) Bt Corn
(3) Bt Brinjal (4) All the above

31. The trigger for activation of toxin of
Bacillus thuringiensis is:
1) Acidic pH of stomach
2) High Temperature
3) Alkaline pH of insect gut

4) Mechanical action in the insect gut
32. Crystals of Bt toxin produced by some

bacteria do not kill the bacteria
themselves bacause:
(1) Bacteria are resistant to the toxin
(2) Toxin is immature
(3) Toxin is in inactive form

(4) Bacteria enclose toxin in a
special sac

33. Bt toxin kills insects by
(1) inhibiting protein synthesis
(2) generating excessive heat
(3) creating pores in the midgut epithelial
cells, leading to cell swelling and lysis
(4) obstructing a biosynthetic pathway.

34. What is true about Bt toxin?
(1) Bt protein exists as an active toxin
in the Bacillus
(2) The activated toxin enters the ovaries
of the pest to sterilize it and thus
prevents its multiplication
(3) It is coded by nif genes.
(4) The inactive protoxin processed into
active form in the insect gut

35. Bt- cotton is resistant to
(1) Virus (2) Insects
(3) Fungi         (4) Bacteria

36. Bt cotton is not:
1) A GM plant 2) Insect resistant
3) A bacterial gene expressing system
4) Resistant to all pesticides

37. Bt cotton has been produced by
(1) In situ hybridisation of Bt gene
(2) Northern blotting of Bt gene
(3) Transgenesis
(4) Southern blotting of Bt gene

38. The choice of the Bt-toxin genes depend
on.

1) Type of the crop

2) Type of targeted pest

3) The type of vector
4) Both 1 and 2

39. The insecticidal protein in Bt cotton
binds to

1) Epithelial cells of fore gut

2) Mesothelial cells of mid gut

3) Epithelial cells of mid gut

4) Mesothelial cells of hind gut

40. B. thuringiensis forms protein crystals
during a particular phase (sporulation) of
their growth. These crystals act as

1) Toxins 2) Hormones

3) Nutrients 4) Both 2 and 3

41. Insect pest resistant Bt Cotton was
developed by

1) Somaclonal variation
2) Micropropagation

3) Transgenic technology
4) Somatic hybridisation

42. Cry I endotoxins are effective against

(1) Viruses (2) Nematodes

(3) Boll worms (4) Flies

43. Cry protein is obtained from:

(1) Bacillus thuringiensis
(2) Bacillus subtilis

(3) Clostridium welchi

(4) E.coli

44. B. thuringiensis forms protein crystals
during a particular phase of their growth.
The toxin is coded by a group of genes
named cry. Which is not an example of
such gene?

(1) CryIAc (2) CryIIAb

(3) CPTI (4) CryIAb

45. Proteins which control cotton bollworm
are

produced by which Bt  genes?

(1) Cry IAb (2) Cry IAc

(3) Cry IIAb (4) Both (2) and (3)
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46. Which is the correct match?

1) Cry I Ab - Cotton bollworms

2) Cry I Ac - Cotton bollworms

3) Cry I  Ac - Corn borer

4) Cry II Ab - Corn borer

47. RNAi (RNA interference) is used for the
control of:

(1) Insect (2) Nematode

(3) Tape worm (4) Corn borer

48. Several nematodes parasitise a wide
variety of plants and animals including—
———. A nematode Meloidegyne
incognitia infects the ———-of tobacco
plants and causes a great reduction in
yield.

(1) human beings, stems

(2) human beings, roots

(3) human beings, flowers

 (4) insects , roots

49. Strategy used to prevent nematode
infection of tobacco roots is

1) Use of agrochemicals

2) Bt toxin gene

3) Gene mutation

4) RNA interference

50. RNAi technology involves the silencing
of

(1) Replication (2) Transcription

(3) Translation (4) Post Translation

51. In RNAi,  genes are silenced using:

(1) ss DNA            (2) ds DNA

(3) ds RNA (4) ss RNA

52. Silencing of a gene could be achieved
through the use of:

(1) RNAi (2) Antisense RNA

(3) Both (1) and (2)

(4) None of these

53. Part of the tobacco plant which is
infected by nematode meloidegyne is

(1) Root (2) Stem

(3) Leaf (4) Fruit

54. Several nematodes parasites like
Meloidegyne   incognitia infects the roots
of tobacco plants and cause a great
reduction in yield. A novel strategy    was
adopted to prevent this infestation which
was based on the process of
(1) DNA interference (DNAi.)
(2) Enzyme Linked Immuno-sorbent Assay
(ELISA)
(3) Polymerase Chain Reaction (PCR)
(4) RNA interference (RNAi).

55. Nematode resistant tobacco plant was
developed through
(1) r-DNA technology    (2) Hybridization

(3) Selection
(4) Mutational breading

56.  Which one is correct for GMO
(Genetically Modified Organism)?
(1) Development of abiotic stress resistant
plants
(2) Development of pest-resistant crops
(3) Enhance nutritional value of food and
reduce post harvest losses
4) All are correct

57. The organism whose genetic material
has been altered through genetic engi-
neering is called
(1) Genetically mutant organism
(2) Genetically modern organism
(3) Genetically modified organism

(4) Genetically transferred organism
58. Trangenic plants are:

(1) Plants having no gene
(2) Plants having foreign genes only
(3) Plants in which genes have no function
to perform
(4) Plants in which genes of another
organism have been implanted

59. Transgenic crops are produced with
(1) Modified phenotype
(2) Modified genotype
(3) Modified yield (4) All

60. Vitamin A riched rice is a
1) Hybrid plant 2) Mutant verity
3) Wild Plant 4) Transgenic plant

61. A transgenic organism  contains foreign
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(1) DNA in all cells    (2)DNA in some cells
(3) RNA in some cells (4) RNA in all cells

62. Which one of the following is commonly
used as vector for gene transfer in
plants?
(1) Meloidogyne incognitia

(2) Agrobacterium tumefaciens
(3) Penicillium expansum
(4) Trichodermaharzianum

63. The widely used vector DNAs in plants
are isolated from
(1) Plants (2) Viruses
(3) Bacteria (4) Yeast

64. Ti-plasmids are present in
(1)B.thuringiensis (2) A.
tumifaciens
(3) M. incognitia(4) A. rhizogenes

65. Disease caused by the source of Ti-
plasmid is
(1) Crown gall of apple
(2) Citrus canker
(3) Blight of rice (4) Blast of rice

66. Which one of the following is not a GMO
(1) Bt cotton, (2) Bt corn
(3) IR-8 (4) Golden  rice

67. Transgenic plants are developed by
(1) Deliberate gene manipulation
(2) Inducing gene mutations
(3) Deleting certain chromosomal parts
(4) Inhibiting spindle formation

68. Utilization of transgenic plants/ organisms
as bioreactors for obtaining biologically
active compounds on bulk scale is
described as
1) Gene farming 2) Biopatenting
3) Biopharmacy 4) Molecular farming

69. Tobacco bud warm is a/an
(1) transgenic beetle
(2) dipteran
(3) insect
(4) transgenic crop

70. Golden rice is a promising transgenic crop.
When released for cultivation, it will help
in
(1) Producing a petrol-like fuel from rice

(2) Alleviation of vitamin A deficiency

(3) Pest resistance

(4) Herbicide tolerance

71. Transposons are

1) polymers of amino acids
2) products of translation

3) Mobile genetic elements 4) toxic proteins

72. A transgenic food crop which help in
solving the problem of night blindess in
developing countries is:

(1) Basmati (2) Bt soyabean
(3) Golden rice (4) Flavr savr tomatoes

73. Which of the following is a transgenic
plant?

(1) Flavr Savr tomato (2) Atlas-66
(3) Sonalika (4) IR-8

74. Flavr-Savr tomatoes are produced by

(1) DNAi   technology
(2) Antisense RNA technology

(3) Ribozyme approach
(4) Mutations

75. Which transgenic plant shows herbicide
tolerance, among the following?

(1) Soybean (2) Cotton

(3) Corn (4) All of these

76. Pick out the odd one among the
following

1) Meloidegyne

2) Army warm

3) Tobacco bud warm

4) Mosquito

77. For the conversion of inactive-protoxin
into active toxin requires

(1) Acidic pH (2) Alkaline pH
(3) Neutral pH (4) Any pH

78. Transgenic Brassica napus is

(1) Male sterile (2) Female
sterile (3) Neutral (4) Fruit
less

79. The following compound is not related
to molecular farming

1) Chemicals 2) Medicines
3) Antibiotics 4) Antibodies

80. A bioreactor is a

(1) Fermentation tank
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(2) Vessel containing radioactive isotopes

(3) Tank for breading of organisms

(4) Hybridoma

81. Golden rice was developed by

(1) Somaclonal variations

(2) Micro propagation

(3) Transgenic technology

(4) Somatic hybridization

82. Cry IAc and Cry IAb produce toxins that
control respectively

(1) Cotton ball worms and corn borer

(2) Corn borer and cotton ball worms

(3) Tobacco bud worms and Nemotodes

(4) Nemotodes and tobacco bud worms

83. Transgenic animal has:

(1) Foreign DNA in all of its cells
(2) Foreign RNA in all cells

(3) Foreign DNA in some of the cells
(4) Both (2) and (3)

84. Transgenic animals are useful to

(1) Study of normal physiology and devel-
opment

(2) Study of disease and vaccine safety

(3) Obtaining bioloical products like
human proteins ( -1-antirypsin)

(4) All of the above

QUESTION BANK - 3

85. Number of Recombinant therapeutics
have been approved for human use, the
world over is

(1) 50 (2) 30      (3) 12 (4) 10

86. Number of Recombinant therapeutics
being marketed in India presently is

(1) 50 (2) 30     (3) 12 (4) 10

87. ELISA is a

(1) Gene product (2) Gene disorder
(3) Artificial gene (4) Laboratory test

88. Insulin used for diabetes was earlier
extracted from pancreas of slaughtered

cattle and pigs. Insulin from an animal
source, causes

(1) allergy  (2) decreased immunity

(3) cancer  (4) lower metabolism

89. Which one of the following is now being
produced by biotechnological procedure

(1) Nicotine (2) Morphine
(3) Quinine (4) Insulin

90. Which of the following is a recombinant
product

1) Secretin 2) Insulin

3) Glucagon 4) Renin

91. Which Biotechnology company is cred-
ited with the production of recombinant
insulin?

(1) Monsanto (2) Biocon

(3) Eli Lilly (4) DuPont

92. Genetically engineered bacteria have
been used in commercial production of:

1) Thyroxine 2) Testosteron

3) Humulin 4) Melatonium

93. The bacterium used in the synthesis of
human insulin artificially is

(1) Clostridium botulinum
(2) Escherichia coli

(3) Bacillus vulgaris
(4) Acetobacter aceti

94. Humulin is

1) A form of chitin
2) A powerful antibiotic

3) A new digestive enzyme
4) Recombinant protein

95. How many polypeptide chains are found
in an insulin precursor molecule?

(1) 1 (2) 2      (3) 3 (4) 4

96. Pro insulin is inactive due to presence of

1) A-Chain 2) B-Chain

3) C-Peptide 4) All the above

97. During the processing of  “pro insulin”
into the mature “insulin”
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1) C-peptide is added to pro insulin
2) C-peptide is removed from pro insulin

3) B-chain is deleted
4) A-chain is deleted

98. C-peptide of human insulin is:
1) A part of mature insulin molecule
2) Responsible for formation of disulphide
bridges
3) Removed during maturation of pro-
insulin  to insulin
4) Responsible for its biological activity

99.  Humulin hormone consists of how many
aminoacid residues?
(1) 51 (2) 86    (3) 110 (4) 24

100. Longest chain of active insulin is
(1) B-peptide (2) C - peptide
(3) A - peptide (4) D - peptide

101. Insulin consists of two short polypeptide
chains: chain A and chain B, that are
linked together by
(1) 1-disulphide bond
(2) 3-disulphide bonds
(3) No disulphide bonds
(4) 2-disulphide bonds

102. Which gene is used for the selection and
identification of humulin recombinants?

(1) Amylase (2) Galactosidase

(3) Polygalacturonase

(4) Ligase

103.Alzheimer’s is a

(1) Human disease

(2) Recombinent protein

(3) Bacterial disease

(4) Respiratory disorder

104. In which of the following process,
defective gene activity is replaced by a
correct transgene?

(1) Gene therapy (2) Transgenic tomato

(3) Gene silensing(4) Gene Suppresion

105. SCID is due to the deficiency of

(1) Enzyme (2) Vitamin

(3) Protein (4) DNA

106. Gene specific probes are used in the
detection of

(1) Nucleic acids (2) Peptides

(3) Antibiotics (4) Pharmaceuticals

107. Which of the following technique is used
to detect a disease before its symptoms
appear?

(1) Serum test (2) Urine test
(3) X-ray test (4) PCR

108. The first clinical gene therapy was done
for the treatment of:

1) AIDS 2) Cancer

3) Cystic fibrosis

4) SCID (Servere Combined Immuno
Deficiency) resulting form deficiency of
ADA

109. ADA is an enzyme which is deficient in a
genetic disorder SCID. What is the full
form of ADA?

1) Adenosine deoxy aminase
2) Adenosine deaminase

3) Asparate deaminase
4) Arginine deaminase

110. The site of production of ADA in the
body is:

1) Erythrocytes 2) Lymphocytes
3) Blood plasma 4) Osteocytes

111. Which one of the following is not a genetic
disorder?

1) Thyphoid 2) Phenylketonuria
3) Cystic fibrosis 4) Cancer

112. Adenosine deaminase deficiency can be
permanently cured by which of the
following methods?

(1) Bone marrow transplantation
(2) Enzyme replacement therapy

(3) Gene therapy at early embryonic stages
(4) All of these

113. Most effective treatment for ADA
deficiency (Blood Cancer) patient is:

1) Bone marrow transplantation

2) Functional ADA injected into patient
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3) Injection of functional ADA, cDNA
introduces into lymphocyte from blood and
infuces to blood of patient

4) Injection of functional ADA, cDNA
introduces in cell of early embryo and it
infuse in patient

114. The first clinical gene therapy was given
in 1990 to a 4-year old Sri lankan girl with

(1) haemophilia (2) Immuno deficiency

(3) Alzheimers (4) CJD

115. Curative technique involving repairing or
replacement of defective gene is

(1) Gene therapy    (2) Gene knockout

(3) Gene cloning  (4) Gene knockdown

116. Transgenic rats, rabbits, pigs, sheep, cows
and fish have been produced. Almost over
95 per cent of all existing transgenic animals
are

(1) sheep (2) fish   (3) mice (4) pigs

117. Transgenic —— are being used to test the
safety of the polio vaccine.

(1) cow (2)mice

(3) sheep (4) goat

118. A clone of sheep “Dolly” has been made
by

(1) Nuclear transfer technology

(2) Somatic cell cloning

(3) Gene cloning

(4) All

119. First successful animal clone was

(1) Dolly goat (2) Dolly sheep
(3) Molly goat (4) Molly sheep

120. Nucleus of a donor somatic cell is
transferred to an enucleated egg cell. The
organism formed from such an egg will
have

(1) Extranuclear genes of donor cell
(2) Extranuclear genes of recipient cell

(3) Extranuclear genes of both donor and
recipient cell

(4) Nuclear genes of recipient cell

121. The first mammal clone ‘Dolly’ was created

by

(1) Gregor Mendel

(2) Thomas King

(3) Robert Briggs

(4) Ian Wilmut

122. The cloning of the sheep dolly by Ian
Wilmut took

(1) Skin cell (2)Muscle cell

(3) Udder cell (4) Nerve cell

123. Transgenic animals produce useful
biological products. Which of the following
pair is incorrect in this regard?

(1) Human protein (1-antitrypsin) used to
treat immune disorder

(2) Rosie, produced human alpha-lactalbumin

(3) Transgenic mice are being used to test the
safety of the polio vaccine.

(4) IFN-  is produced in animals to treat
cancer.

124. Many transgenic animals are designed to
increase our understanding of how genes
contribute to the development of
disease.Today transgenic models exist for
many human diseases such as

(1) cancer, cystic fibrosis, shizrophenia and
alzheimer’s.

(2) cancer, cystic fibrosis, rheumatoid
arthritis and alzheimer’s.

(3) haemophilia, colourblindness, cancer,
cystic fibrosis

(4) cancer, cystic fibrosis, haemophilia,
colourblindness

125.  -1 antitrypsin is:

1) An antacid

2) An enzyme

3) Used to treat arthritis

4) Used to treat emphysema

126. Which of the following is not the benefits
of transgenic animals?

(1) Investigation of new treatments for
diseases (2) Early detection of diseases
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(3) Testing the safety of vaccines
(4) To produce useful biological products

127.Genetically engineered micro-organism
for production of endotoxin used as
biodegradable insecticide

(1) E. coli

(2) Rhizobium meliloti

(3) Pseudomonas putida
(4) Bacillus thuringiensis

128.X is the right granted by a government to
an inventor to prevent others from
commercial use of his invention. When ‘X’
are granted for biological entities and for
products derived from them, these are
called Y. Read the above paragraph and
identify X and Y.

(1) X-patent, Y-biopatent
(2) X-piracy, Y-biopiracy

(3) X-patent, Y-biopiracy
(4) X-piracy, Y-biopatent

129.Which Indian Government organisation
make decisions regarding the validity of
GM research and the safety of introducing
GM-organisms for public services.

(1) IUCN (2)GEAC

(3) NBPGR (4) ICAR

130.GEAC stands for

1) Genome Engineering Action Committee
2) Ground Environment Action Com-

mittee

3) Genetic Engineering Approval Commit-
tee 4) Genetic and Environment Approval
Committee

131.Number of Basmati rice varieties grown
in India

1) 37 2) 27      3) 16 4) 55

132.Biopiracy is

(1) Exploitation of bioresources

(2) Patenting of bioresources of others

(3) Use of bioresources without authorization
(4) Both 2 and 3

133.The illegal and unlawful development of
bioproducts without any benefit to the

source is called

(1) Biopatent (2) Biopiracy

(3) Biowar (4) IPR

134.Which of the following conditions are
required for an invention to patent
according to Indian Parliament Act 1970?

(1) It must be new and useful

(2) It is discovered by others

(3) It must be capable of industry application
(4) Both 1 and 3

135.Which of the following has been covered
under the broad patent category?

(1) Triticum (2) Oryza

(3) Pisum (4) Brassica

136.A cloned sheep “Dolly” was created by

(1) Embryo transfer technology

(2) Nuclear transfer technology

(3) Somatic cell fusion technology

(4) Both 2 and 3

137.Which country had a patent on Basmati
rice

(1) India (2) Pakisthan
(3) South Africa (4) USA

138.Hirudin is a/an

(1) Blood clotting protein

(2) Antibiotic

(3)  Anticoagulant

(4) Carcinogen

139.Which of the following genetically
engineered microbe is used for biocontrol
in plants:

(1) Trichoderma

(2) E.coli

(3) Pseudomonas putida
(4) Bacillus thuringiensis

140.The best method to protect genetic
resources is

(1) Gene library

(2) Cloning of  plants
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(3) Cryopreservation

(4) Multiplication

QUESTION BANK - 4

1. Application of biotechnology include
I) Therapeutics II) Diagnostics
III) GMO IV) Processed
food
1) I, III, III only 2) II, III, IV only
3) I, III, IV only 4) I, II, III, IV

2. Applications of biotechnology does not
include
I) Bioremediation II) Waste manage-
ment III) Energy pro-
duction IV) Causing
pollution
1) I, II only 2) II, III only
3) IV only 4) I, III only

3. The critical research areas of biotech-
nology are
I) Providing the best catalyst like pure
enzyme or improved microbe
II) Creating optimal conditions for a
catalyst to act
III) Down stream processing technologies
to purify the protein or organic compound
1) I only 2) II only
3) III only 4) I, II, III

4. Biotechnolgy helped to improve the
quality of human life especially in the
field of
I) Food production II) Sports
III) Health IV) Birth control
1) I, II, III only 2) II, III, IV only
3) I, III only 4) I, II, III, IV

5. The options that can be used for in-
creased food production through bio-
technology, are
I) Agro-chemical based agriculture
II) Organic agriculture
III) Genetically engineered crop-based
agriculture
1) I, II only 2) II, III only
3) I, III only 4) III only

6. Dramatic increases in agriculture
production was termed as ‘Green
Revolution’ by
I) Norman Borlaug
II) Dr. M.S. Swaminathan
III) William Gaud

IV) Herbert Boyer
1) I, II only 2) III only
3) I, II, III only 4) III, IV only

7. Study the following lists
List-I List-II

A) WIlliam Gaud I) Father of Green
revolution

B) Dr. M.S.Swaminathan II) Father of Indian
Green revolution

C) Norman E Borlaug III) Father of
Biotechnology

D) Boyer IV) Green revolu-
tion term

V) Restriction
Enzymes

Correct match is
A B C D

1) IV II III V
2) II IV I III
3) I II IV V
4) IV II I V

8. “Gene revolution” involves
I) Breaking through of natural species
barriers
II) Systematic transfer of genes from one
species to another using genetic engineer-
ing
III) Environmentally sound agricultural
production
1) I, II only 2) II, III only
3) I, II, III 4) I, III only

9. During acheiving “Green Revolution”
increased yields are mainly due to
I) Improved crop varieties
II) Better management practices
III) Use of agrochemicals
1) I only
2) I, II only
3) I, II, III 4) II, III only

10. Use of genetically modified crops is a
possible better solution for increases
yields because
I) Agrochemicals are too expensive
II) Agrochemicals show harmful efffects
on the environment
III) Conventional breeding methods are not
sufficient and are not adequate.
Correct answer is
1) I, II only 2) I, II, III
3) II, III only 4) III only

11. GMO’s do not inculde
I) Acellular organisms
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II) Prokaryotic heterotrophs
III) Heterotrophic cell wall containing organ-
isms IV) Organism with
cellulose cell wall
1) I only 2) I, II only
III) I, II, III only IV) IV only

12. Select an incorrect statement for Bt
Cotton
(1) B. thuringiensis forms protein crystals

during all phases of growth
(2) Bt toxin proteins exist as inactive

protoxins but once an insect ingest the
inactive toxin, it is converted into an active
form of toxin

(3) The activated toxin binds to the surface
of midgut epithelial cells of insects and
create pores

(4) most Bt toxins are insect-group specific
13. Genetically modified Bt cotton has the

following attribute
I) Tolerant to abiotic stresses
II) Reduced reliance on chemical pesticides
III) Reduced post harvest losses
IV) Increased effiiciency of mineral usage
1) I, II only 2) II only
3) III, IV 4) I, II, III, IV

14. Lepidopterans that are killed by Bacil-
lus thuringiensis, are
I) Tobacco budworm II) Armyworm
III) Beetles IV) Flies
1) I, II only 2) III, IV only
3) I, II, III only 4) I, II, III, IV

15. Identify the correct sequence during
the death of an insect when Bt toxin is
injected
I) Conversion of protoxins into active
toxins
II) Solubilisation of toxin crystals
III) Action of alkaline pH on inactive
protoxins
IV) Active toxin binding to the surface of
midgut epithelial cells
1) I, III, IV, II 2) III, I, II, IV
3) III, II, IV, I 4) III, IV, I, II

16. Cry I Ab controls
I) Cotton bollworms
II) Corn borer
III) Bt IV) Agrobacterium
1) I only 2) II only

3) I and II 4) I, II, III
17. Cotton bollworms are controlled by

I) Cry I Ac
II) Cry II Ab III) Cry I Ab
1) I, II only 2) II only
3) II, III only 4) I, II, III

18. Select correct option from given table:
Column I Column II
(A) E.coli (i)  Bollworms
(B) RNAi (ii) Corn borer
(C) Cry I Ac
and Cry II Ab (iii) Nematode
resistant plants
(D) Cry I Ab (iv) Humulin
1) (A)-(iv); (B)-(iii); (C)-(ii); (D)-(i)
2) (A)-(iv); (B)-(iii); (C)-(i); (D)-(ii)
3) (A)-(ii); (B)-(i); (C)-(iii); (D)-(iv)
4) (A)-(i); (B)-(ii); (C)-(iv); (D)-(iii)

19. Study the following lists
List-I List-II

A) ‘cry’ genes I) ELISA
B) Ti-plasmid II) Gene amplification
C) PCR III) E.coli
D) Antibodies linked IV) Bacillus

thuringiensis
test

V) Agrobacterium
Correct match is

A B C D
1) IV V II I
2) II I III V
3) V II I IV
4) I II IV III

20. The source of complementary RNA that
is involved in RNA interference (RNAi)
could be from
I) Host plant II) Nematode
III) DNA viruses IV) Probe
1) I, II, III only 2) II, III, IV only
3) II only 4) II & III only

21. Infestation of tobacco roots by the
nematode Meloidegyne incognita can be
prevented by this  process
I) Protein interference
II) RNA interference
III) Using biopesticides
IV) Using bioinsecticides
1) I and  II only 2) II only
3) II, III, IV 4) I only

22. Which of the following statements is not
correct?
(1) Most Bt toxins are insect group specific
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(2) RNAi takes place in all eukaryotic as
well as prokaryotic organisms as a method
of cellular defense.
(3) The recombinant therapeutics do not
induce unwanted immunological responses in
humans.
(4) Adult-onset diabetes can be controlled by
taking insulin at regular time intervals.

23. The following transgenic plants are
resistant to the bacterial pathogen
Pseudomonas
I) Tomato II) Cotton
III) Papapa IV) Potato
1) I only 2) I, IV
3) I, III 4) I, II, III, IV

24. The following transgenic plants are
suitable for food processing technology
I) Golden Rice  II) Basmati variety of rice

III) Potato        IV) Flavr Savr Tomato
1) I, II, III, IV 2) I, II only
3) I, II, III only 4) IV only

25. Transgenic Basmati variety of rice is
I) Suitable for food processing
II) With improved nutritional value
III) Tolerant to abiotic stresses
IV) Resistant of pathogens and pests
1) I, II, III only 2) II, III, IV only
3) III, IV only 4) II & III

26. Male sterile transgenic Brassica napus
is
I) Suitable for food processing
II) Tolerant to abiotic stresses
III) Useful for hybrid seed production
IV) Herbicide tolerant
1) II, III, IV 2) III only
3) II, III only 4) III, IV only

27. ‘Flavr Savr’ tomato variety is
I) Suitable for food processing technology

II) Resistant to Phytophthora pathogen
III) Resistant to Pseudomonas pathogen
IV) With improved nutritional value
1) I only 2) I & III only
3) III only 4) I, IV only

28. Select incorrect statement about Flavr
Savr.
(1) has reduced amount of cell wall degrading
enzyme ‘polygalacturonase’
(2) fruits have a superior taste and increased

total soluble solids
(3) has low shelf -life period
(4) has a much longer and more flavourful
shelf-life than conventional tomatoes

29. Study, the following statements and select
the correct ones.
(i) ‘Bt cotton’ is a plant genetically modified
through biotechnology.
(ii) The anticoagulant ‘hirudin; is being produce
from transgenic Brassica napus seeds.
(iii) ‘Flavr Savr’
transgenic tomatoes remain fresh for a longer
period than the normal tomato variety.
(iv) Golden rice is a transgenic variety of Oryza
sativa, which is rich in  -carotene and helps
to prevent eye problems.
(1) (i) only (2) (i) and (iv)
(3) (ii) and (iii)
(4) (i), (ii), (iii) and (iv)

30. Match the Column I and II
Column I Column II
I. ADA A. Cyanobacteria
II. Biofertilizer B. Transgenic plant
III. Bt cotton C. Biocatalyst
IV. Humulin D. r-Insulin
(1) I-B, II-A, III-D, IV-C
(2) I-C, II-A, III-B, IV-D
(3) I-B, II-C, III-A, IV-D
(4) I-D, II-A, III-B, IV-C

31. Match the column:
Column I Column II

(A) Golden rice (i) Increased
shelf life

(B) Falvr savr tomato (ii) Humulin
(C) E.coli (iii) Vitamin A
(D) Rosie (iv) Protein enrich
milk
1) (A)-(iii); (B)-(i); (C)-(ii); (D)-(iv)
2) (A)-(ii); (B)-(i); (C)-(iii); (D)-(iv)
3) (A)-(i); (B)-(iii); (C)-(iv); (D)-(ii)
4) (A)-(iii); (B)-(i); (C)-(iv); (D)-(ii)

32. Match Column-I containing transgenic
organisms with their specific
characteristics in Column-II and select the
correct answer from codes given below.

Column I Column II
(A) Golden rice (i) Protein-enriched
milk
(B) Bt cotton (ii) Increased shelf  life
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(C) Flavr Savr (iii) Enriched with
vitamin A
(D) Rosie cow (iv) High yield and

insect resistant
(1) A-iii, B-iv, C-ii, D-i
(2) A-iii, B-ii, C-iv, D-i
(3) A-ii, B-iv, C-iii, D-i
(4) A-i, B-iv, C-ii, D-iii

33.  Study the following lists
List - I List-II

A) Meloidegyne incognitia    I) Biopesticide
B) Agrobacterium tumafaciens II) Crown gall

of        apple
C) Escherichia coli  III) Roots of

 tobacco plants
D) Bacillus thuringiensis IV) Inulin

V) Humulin
Correct match

A B C D
1) III II IV V
2) I II III IV
3) III II V I
4) IV V II I

34. Study the following lists
List-I (Example) List-II(Resistant

to)
A) Transgenic papaya I) Phytophthora
B) Transgenic potato II) Pseudomonas
C) Transgenic tomato III) Insects
D) Bt.cotton IV) Ringspot

virus
           V) Agrobacterium

A B C D
1) IV I II III
2) V II I V
3) I II IV III
4) III II V I

35. Study the following lists
List-I List-II

A) Golden rice I) Bruise resistant
B) Brassica napus II) Vitamin-A
C) Tansgenic tomato III) Bt-gene ‘Flavr

Savr’
D) Agrobacterium IV) Ti-plasmid

V) Hybrid seed
production

Correct match is
A B C D

1) II V I IV
2) V III II I

3) III IV I V
4) I II V II

36. Study the following lists
List-I List-II

 A) Bruise resistant I) Basmati variety of rice
B) Prevents blindness II) ‘Golden’ variety of rice
C) Herbicide tolerant III) Brassica napus
D) Resistant against IV) ‘Flavr Savr’
abiotic stress V) Round up ready

soyabean
Correct match is

A B C D
1) IV II I III
2) IV II V I
3) V IV I II
4) II III V IV

37. Cloned DNAs are utilized in the commer-
cial synthesis of
I) Insulin II) Interferons
III) Vaccines IV) Alcohols
1) I, II only 2) III, IV only
3) I, II, III only 4) I, II, III, IV

38. Micro-organisms are commercially
exploited for the production of
I) Vitamins II) Antibiotics
III) Hormones IV) Vaccines
1) I, II only 2) II, III only
3) III, IV only 4) I, II, III, IV

39. ‘Insulin’ used for diabetes was earlier
extracted from the pancreas of
I) Slaughtered cattle II) Slaughtered pigs
III) Humanbeings
1) I only 2) I, II only
3) II, III only 4) I, II, III

40. Eli Lilly company produced DNA se-
quences corresponding to the following
types of chains of Insulin gene
I) ‘A’ chain II) ‘B’ chain
III) ‘C’ chain IV) ‘D’ chain
1) I only 2) II only
3) I, II only 4) I, II, III, IV

41. Which of the following statements is not
correct?
(1) Insulin used for diabetic patients was
earlier extracted from pancreas of
slaughtered cattle and pigs which was more
efficient than the genetically engineered
insulin.
(2) PCR technique is applied to detect HIV
in suspected AIDS patients and to detect
mutations in genes in supected cancer
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patients.
(3) ADA is a type of hereditary disease
(4) Bioremediation is the one of the
applications of biotechnology.

42. Which of the following statements
regarding the structure of proinsulin and
mature insulin are not correct?
(i) Proinsulin is made up of three
polypeptide chains – A, B and C.
(ii) C – polypeptide chain is removed prior to
insulin formation.
(iii) Mature insulin is
made up of 51 amino acids arranged in two
polypeptide chains-A and C.

(iv) Polypeptide chain C has 51 amino acids
and polypeptide chain B has 21 amino acids.

(v) Polypeptide chains A and B are
interconnected by only one S – S linkage.

(1) (i) and (ii) (2) (iii) and (iv)

(3) (iv) and (v) (4) (iii), (iv) and (v)
43. Given below is a diagrammatic sketch of

maturation of insulin. Select the correct
set of the name labelled A, B, C and D.

C

D

B

S–S A

s s

S – 3

S S
S S

ss

(1) B=Proinsulin, A=Peptide B,C=peptideA
, D=Insulin.
(2) A=Proinsulin, B=Peptide A, C=Peptide
B, D=Peptide C.
(3)A=Insulin, B=Peptide A, C=Peptide B,
D=Proinsulin.
(4)B=Insulin, A=Peptide A, C=Peptide B , D=
Insulin.

44. Which of the following techniques, can
serve the purpose of early diagnosis

I. r-DNA II. PCR
III. ELISA IV) Electrophoresis
1) II, III, Iv 2) I, II, III
3) I, II, IV 4) I, III, IV

45. The following techniques are used for
early diagnosis of a disease
I) Serum and urine analysis

II) r.DNA technology
III) PCR method IV) ELISA
1) I only 2) I, II, III
3) II, III, IV 4) III, IV only

46. PCR method is a powerful technique
used to detect
I) HIV
II) Mutations in genes in suspected cancer
patients
III) Genetic disorders
1) I only 2) III only
3) I, II, III 4) I, II only

47. Match Column - I with column - II and

select the correct answer from the codes

given below.

Column I Column II

A. 1- -antitrypsin (i) AIDS

B. Transposon (ii) Gene therapy

C. ELISA (iii) Emphysema

D. Retroviral (iv) Mobile genetic

vector element

(1) A-i, B-iii, C-ii, D-iv

(2) A-iii, B-iv, C-i, D-ii

(3) A-i, B-ii, C-iii, D-iv

(4) A-iii, B-i, C-ii, D-iv

48. Which of the following statements

regarding gene therapy is/are correct?

(1) It is an application of biotechnology, in

which a defective gene is manipulated by

introduction of a normal, healthy and functional

gene.

(2) The genetic disorders that are being

investigated for gene therapy, range from

sickle-cell anaemia to serve combined

immune-deficiency (SCID).

(3) The first clinical gene therapy was given

in 1990 to a 4-year old girl with adenosine

deaminase (ADA) deficiency.

(4) All of these

49. Which of the following statements is not

correct about gene therapy for  ADA

deficiency?
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(1) Lymphocytes from patient’s blood are

taken out and cultured

(2) A functional ADA cDNA is introduced

into these lymphocytes

(3) Lymphocytes are then introduced in the

body of patient

(4) Patient does not require periodic infusion

of genetically engineered lymphocytes

50. Which of following is/are correct?

A. gene therapy has been tested on a large

number of patients with a wider variety of

inherited genetic disorders, and in numerous

cases it has produced a complete cure.

B. genetic engineering has been used to mass

production of  insulin for diabetes.

C. DNA hybridization is the base pairing of

DNA from the different sources

D. genetic engineering is a technique of plant

breeding

(1) A, B (2) B, C

(3) A, B, C (4) A, B, C, D

51. Match the column I & II

Column I Column II

I. Forensic test A. Ag- Ab

reaction

II. ELISA B. Recombinant

hormone

III. Humulin C. Lung disease

IV.  -1-antitrypsin D. DNA finger

printing

(1) I-B, II-A, III-D, IV-C

(2) I-B, II-A, III-C, IV-D

(3) I-B, II-C, III-A, IV-D

(4) I-D, II-A, III-B, IV-C
52. Study the following lists

List-I List-II
A) Delivery of a normal geneI) ELISA
B) To detect HIV-DNA II) PCR
C) To dectect Ag/Ab/ III) Gene therapy
protein
D) Phylogenetic analysis IV) DNA finger

printing

      V) Gene
markers

A B C D
1) III II V IV
2) IV II I III
3) I II IV V
4) III II I IV

53. Study the following lists
List-I List-II

A) Gene Silencing I) RNAi
B) Transposons II) DNA finger printing
C) Eli Lilly III) Mobile genetic elements
D) Forensic science IV) RNA splicing

V) Human insulin
A B C D

1) II IV I V
2) I III V II
3) IV I III II
4) V II I III

54. Which of the following statement is
incorrect ?
(1) The method of manufacturing drugs in
transgenic animals is called molecular farming
(2) Transgenic technology permits the
rapid introduction of new traits
(3) It is easier to produce transgenic
animals than plants
(4) Transgenic animals are made to service
models for human disease

55. “Rosie” is a trangenic cow known to
produce a type of milk which has all the
following characteristics except
(1) Protein content of 2.4 gm/litre
(2) Has human lactalbumin 
(3) More balanced diet than normal milk for
babies
(4) More dilute than normal milk

56. Which of the following statements is/are
correct with regard to the disadvantages
of GM crops?
(1) GM crops can affect human health by
causing allergic reactions.
(2) Transgenes in commercial crops can
endanger native species
(3) Production of GM crops cause damage to
the natural environment and is always costly.
(4) All of these
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57. GEAC is mainly reponsible for
I) Making decissions regarding validty of GM
research
II) Making decissions regarding safety of
introducing GM organisms for public ser-
vices.
III) Large scale production of any commer-
cially important crop
IV) Funding Biotechnological research
1) I, II only 2) I only
3) I, II, IV only 4) I, II, III, IV

58. Match Column-I with Column-II and select
the correct answe from the codes given
below
Column I Column II
A. Biopiracy (i) Effort to fix the

non-functional gene
B. Biopatent (ii) Gene silencing
C. Gene therapy (iii) Illegal use  of

biopatent-products
D. RNAi (iv) Right granted by

Govt.
1)A-iv, B-ii, C-i, D-iii  2)A-ii, B-iv, C-i, D-iii
3)A-iii, B-iv, C-i, D-ii  4)A-iii, B-iv, C-ii,
D-i

59. The second amendement of the Indian
patents Bill made by Indian parliament
includes issues related to
I) Patent terms and emergency provisions
II) Research and development issues
III) Funding of Biotechnological Research
1) I only 2) I, II only
3) I, II, III 4) II only

60. Which of the following statement is not
true,
(1) Transformation is a procedure through
which a piece of DNA is introduced in a host
bacterium
(2) Normally, the genes encoding
resistance to antibiotics are used as
selectable markers for E.coli.
(3) the normal E.coli cells do not carry
resistance against antibiotics such as ampicillin,
chloramphenicol, tetracyclin or kanamycin
(4) Presence of one recognition sites of RE
within the vector will generate several
fragments, which will complicate the gene
cloning.

61. Some of the steps involved in the pro-
duction of humulin are given below.
Choose the correct sequence
I) Synthesis of gene (DNA) for human
insulin artifically.
II) Culturing recombinant E.coli in
bioreactors
III) Purification of humulin.
IV) Insertion of human insulin gene into
plasmid vector
V) Introduction of recombinant plasmid into
E.coli.
VI) Extraction of recombinant gene product
from E.coli.
1) II, I, IV, III, V, VI 2) I, III, V, VI, II,
IV 3) I, IV, V, II, VI, III 4) III, V, II, I,
VI, IV

62. Flavr-Savr tomato is based on the prin-
ciple:
1) Exogenous inhibition of PG gene
2) Endogenous activation of PG gene
3) Endogenous suppression of PG gene
4) Exogenous activation of PG gene

63. Alien DNA in transgenic rice was iso-
lated from:
1) Bacteria 2) Rice plant
3) Daffodil plant 4) 1 & 3

64. In USA the major herb pollution is
caused by
1) Round up 2) Gulfosinate
3) Glyphosate 4) All

65. Ti plasmids are not used as vectors in
1) Poaceae 2) Malvaceae
3) Solanaceae 4) Fabaceae

66. Crown galls in dicot plants are caused by
1) Agrobacterium 2) pTi
3) T-DNA 4) All

67. T-DNA is present in
1) pTi 2) pRi
3) pBR 4) 1 & 2

68. Ri plasmids are present in
1) Agrobacterium tumifaciens
2) B.thuringiensis
3) Agrobacterium rhizogenes
4) All

69. Ripening of fruits is due to
1) Polygalacturanase gene
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2) Beta glactosidase gene
3) Lactamase gene
4) Beta amylase gene

70. The patent related to Bt-cotton and
round up ready soyabean were with
1) Monsanto, USA 2) Dupont, USA
3) Biocon, India 4) Sanofi, France

71. The vectors used in the production of
recombinant hapatitis-B vaccine
1) Yeast 2) Bactria
3) Protista 4) Virus

72. Root knot disease causes loss of
1) Necrosis 2) Chlorosis
3) Tumors 4) Yield

73.   Identify the correct combinations.
 I.  Gene therapy  Curing genetic disor-
ders
II.  Bioremediation –Study and design of
genomes.
III.  Gene transfer- Production
transgenic plants
IV.  DNA finger printing –Helpful in
forensic science

     1)  I only                  2) I & II only
     3)  I,II & III only         4) I ,II , & IV only

STATEMENT TYPE QUESTIONS
Read the following statements and find the

correct answer from the given below
I.  Both statement I and II are correct
II. Statement I is correct , II is incorrect
III. Statement I is incorrect , II is correct
IV. Both statement I and II are incorrect
74. S-I : Cost of hybrid seed production can be

reduced by using its male sterile variety in
Brassica napus.
S-II :Male flowers of B.napus are sterile and
its female flowers need not be emasculated.

75. S-I :  Flavr Savr is the genetically engineered
variety of tomato.
S-II :Plasmids are used in genetic  engineering
experiments as vectors.

76. S-I :  Transgenic plant production involves
tissues culture apart from genetic engineering.
S-I I:   An organism that contains and expresses
a transgene is called transgenic organism.

77. S-I :  Flavr savr tomatoes are remain fresh

and retains their flavour for long time.
S-II : Flavr Savr is a improved tomato variety
through hybridisation.

78. S-I :  RNAi takes place in all eukaryotic
organisms as a method of cellular defense.
S-II :  Complementary dsDNA molecule
binds to specific mRNA and prevents its
translation (silencing).

79. S-I : Bt toxins are insecticidal protein crystals.
S-I I:  B.thuringiensis forms these protein
crystals throughout continuously during their
growth period.

80. S-I : Recombinat DNA technology process
has been more effective in therapeutic drug
production.
S-II : Recombinant therapeutics induce
unwanted immunological responses.

81. S-I :  Indian Governemtn has set up
organisations such as GEAC (Genetic
Engineering  Approval Committee), which will
make decisions regarding the validity of GM
reserach and safety of introducing GM
organisms for public services India.
S-II :  One of the apprehensions regarding
genetically modified organisms that they may
show adverse effect on biodiversity.

82. S-I :   One of the application of biotechnology
in agriculture is the production of pest resistant
transgenic plants.
S-II  :  Production of pest resistant plants could
decrease the amount of fertilizers usuage.

QUESTION BANK - 5

1. Blindness is prevented by use of which
crop in poor countries ? (DPMT 2007)
(1) Golden rice (2) Wheat
(3) Gram (4) Pea

2. Genetically engineered bacteria are being
employed for production of (DPMT 2007)
(1) Thyroxine (2) Human insulin
(3) Cortisol (4) Epinephrine

3. The bacterium Bacillus thuringiensis is
widely used in contemporary biology as

(AIPMT 2009)
(1) Insecticide
(2) Agent form production of dairy

products
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(3) Source of industrial enzyme
(4) Indicator of water pollution

4. An improved variety of transgenic basmati
rice : (CBSE-Pre 2010)
(1) is completely resistant to all insect pests

and diseases of paddy
(2) gives high yield but has no characterisitic

aroma
(3) does not require chemical fertilizers

and growth hormones
(4) gives high yield and is rich in vitamin A

5. Genetic engineering has been successfully
used for producing : (CBSE-Pre 2010)
(1) transgenic Cow-Rosie which produces

high fat milk for making ghee
(2) animals like bulls for farm work as they

have super power
(3) transgenic mice for testing safety of

polio vaccine before use in humans
(4) transgenic models for studying new

treatments for certain cardiac diseases
6. Some of the characteristics of Bt cotton are

(CBSE-Pre 2010)

(1) High yield and production of toxic
protein crystals which kill dipteran
pests

(2) High yield and resistance to bollworms
(3) Long fibre and resistance to aphids
(4) Medium yield, long fibre and resistance

to beetle pests
7. Bacillus thuringiensis forms protein

crystals which contain insecticidal protein.
This protein : (CBSE 2011)
(1) binds with epithelial cells of midgut of the

insect pest ultimately killing it
(2) is coded by several genes including the

gene cry
(3) is activated by acid pH of the f oregut

of the insect pest.
(4) does not kill the carrier bacterium

which is itself resistant to this toxin
8. Silencing of mRNA has been used in producing

transgenic plants resistant to:   (CBSE 2011)
(1) Bollworms (2) Nematodes
(3) White rusts (4) Bacterial blights

9. Tobacco plants resistant to a nematode
have been developed by the introduction
of DNA that produced (in the host cells)

(CBSE 2012)

(1) both sense and anti-sense RNA
(2) a particular hormone
(3) an antifeedant (4) a toxic protein

10. The first clinical gene therapy was given
for treating (CBSE 2012)
(1) Diabetes mellitus
(2) Chicken pox
(3) Rheumatoid arthritis
(4) Adenosine deaminase deficiency

11. Bt cotton is resistant to (CBSE 2012)
(1)insects (2) herbicides
(3)salt resistant (4)drought resistant

12. Bt brinjal is an example of transgenic
crops. In this, Bt refers to
(1)   Bacillus tuberculosis
(2) Biotechnology
(3) Beta carotene
(4) Bacillus thuringiensis

13. Which one of the following bacterium is
used for production of transgenic plants
(1) Escherichia coli
(2) Pseudomonas
(3) Staphylococcus aureus
(4) Agrobacterium tumefaciens.

14. The first human hormone produced by re-
combinant DNA technology is

(AIPMT 2014)
(1) Progesterone (2) Insulin
(3) Estrogen (4) Thyroxin

15. Golden rice is a genetically modified crop
plant where the incorporated gene is meant
for biosynthesis of: (AIPMT 2015)
(1) Vitamin A (2) Vitamin B
(3) Vitamin C (4) Omega 3

16. The introduction of T-DNA into plants in-
volves :     (AIPMT 2015)
(1) Allowing the plant roots to stand in water
(2) Infection of the plant by Agrobacterium
tumefaciens
(3) Altering the pH of the soil, then heat-shock-
ing the plants
(4) Exposing the plants to cold for a brief
period

17. What is true monoclonal antibodies ?
     (AIPMT 2001)

1)These antibodies obtained from one parent
and for one antigen
2)These obtained from different parents and
for one antigen
3) These obtained from one parent and for
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many antigens
4) These obtained from many parents and
for many antigen

18. ELISA is used to detect viruses where the
key reagent is :       (AIPMT 2003)
1) Alkaline phosphatase 2) Catalase
3) DNA probe 4) RNase

19. Maximum application of animal cell cul-
ture technology today is in the production
of (AIPMT 2003)
1) Insulin 2)Interferons
3) Vaccines 4) Edible proteins

20. Bacillus thuringiensis (Bt) strains have
been used for designing novel

(AIPMT 2005)
1) Bioinsecticidal plants
2) Biomineralization processes
3) Biofertiizers
4) Biometallurgical techniques

21. The name of Norman Borlaug is associ-
ated with (AIPMT 2005)
1) Green Revolution 2) White revolution
3) Yellow Revolution 4) Blue Revolution

22. Golden rice is a transgenic crop of the fu-
ture with the following improved trait

    (AIPMT 2005)
1) High protein content
2) High vitamin A content
3) High lysine (essential amino acid) content
4) Insect resistance

23. A transgenic food crop which  may help in
solving the  problem of night blindness in
developing countries is  (AIPMT 2008)
1) Bt. Soybean 2) Golden rice
3) Flaver savr tomatoes 4) Starlink maize

24. Transgenic plants are the ones
(AIPMT 2009)

1) Grown in artificial medium after hybridiza-
tion in the field
2) Produced by a somatic embryo in artificial
medium
3)Generated by introducing foreign DNA into
a cell and  regenerating a plant from that cell
4) Produced after protoplast fusion in artificial
medium

25. What is true about Bt toxin ?
(AIPMT 2009)

1) The concerned Bacillus has antitoxins
2) The inactive protoxin gets converted into
active form in the insect gut

3) Bt protein exists as active toxin in the
bacillus
4) The activated toxin entersthe ovaries of the
pest to sterillise it and thus prevent its
multiplication

26. Which one of the following is commonly
used in the transfer of foreign DNA into
crop plants ? (AIPMT 2009)
1) Penicillium expansum
2) Trichoderma horzianum
3) Meloidogyne incognita
4) Agrobacterium tumefaciens

27. The genetically modified  (GM) brinjal in
India has been developed for

(AIPMT 2010)
1) Insect – resistance
2) Enhancing shelf life
3) Enhancing mineral content
4) Drought – resistance

28. Which part of the tobacco plant is infected
by Meloidogyne incognita?

                   (AIPMT-2016-phase-I)
1) flower 2) leaf
3) Stem 4) Root

29. Maximum number of existing transgenic
animals is of (AIPMT 2011)
1) Pig 2) Fish
3) Mice 4) Cow

30. The cutting of DNA at specific locations
became possible with the discovery of

(AIPMT 2015)
1) Ligases                   2) Restriction enzymes
3) Probes                    4) Selectable markers

31. Consumption of which one of the follow-
ing foods can prevent the kind of blind-
ness associated with vitamin ‘A’ deficiency

    (AIPMT
2012)
1) golden rice 2) Bt- Brinjal
3) Flaver Savr Tomato 4) Canola

32. Which of the following Bt crops is being
grown in India by the farmers ?

(AIPMT 2013)
1) Maize 2) Cotton
3) Brinjal 4) Soybean

33. The crops engineered for glyphosate are
resistant /tolerant to     (AIPMT 2015)
1) Herbicides 2) fungi
3) Bacetria 4) Insects

34. Which of the following is not required for
any of the techniques of DNA finger print-
ing available at present?
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                          (NEET-2016-phase-I)
1) DNA-DNA hybridization
2) Polymerase chain reaction
3) Zinc finger analysis 4) Restriction enxymes

35. The two polypeptides of human insulin are
linked together by (NEET-2016-phase-I)
1) Disulphide bridges
2) Hydrogen bonds
3) Phospodiester bond 4) Covalent bond

36. Which kind of therapy was given in 1990
to a four year old girl with adenosine
deaminase (ADA) deficiency?

                       (NEET-2016-phase-II)
1) Immunotherapy 2) Radiation therapy
3) Gene therapy 4) Chemotherapy

37. Which of the follwing is commonly used
as a vector for introducing a DNA
fragement in human lymphocytes?
(NEET-2018)
1) pBR 322 2)  phage
3) Ti plasmid 4) Retrovirus

38. Use of bioresources by multinational com-
panies and orgnaisations without
authorisation from the concerned country
and its people is called (NEET-2018)
1) Bioexploitation 2) Biodegradation
3) Biopiracy 4) Bio-infringment

39. In India, the organisation responsible for
assessing the safety of introducing geneti-
cally modified organisms for public use is

(NEET-2018)
1) Genetic Engineering Approval Commitee
(GEAC)
2) Research Committee on Genetic Manipula-
tion (RCGM)
3) Council for Scientific and Industrial
Reasearch (CSIR)
4) Indian Council of Medical Research
(ICMR)

40. What triggers activation of protoxin to ac-
tive Bt toxin of Bacillus thuringiensis in
boll worm (NEET-2019)
1.Acidic pH of stomach
2. Body temperature
3. Moist surface of midgut
4.Alkaline pH of gut

41. Which of the following is true of Golden
rice (NEET-2019)
1. It has yellow gains, because of a gene in-
troduced from primitive variety of rice
2. It is Vitamin A enriched ,with a gene from
daffodil

3. It is pest resistance , with a gene from
Bacillus thuringiensis
4. It is drought tolerant, developed using
Agrobacterium vector

KEY

QUESTION BANK - 1

1. (1) 2. (4) 3. (4) 4. (2) 5. (1)
6. (4) 7. (4) 8. (4) 9. (4) 10.(4)
11.(1) 12.(2) 13.(4) 14.(4) 15.(4)
16.(3) 17.(4) 18.(1) 19.(3)

QUESTION BANK - 2

20.(4) 21.(1) 22.(4) 23.(3)
24.(2) 25.(3) 26.(4) 27.(3)
28.(3) 29.(4) 30.(4) 31.(3)
32.(3) 33.(3) 34.(4) 35.(2)
36.(4) 37.(3) 38.(4) 39.(3)
40.(1) 41.(3) 42.(3) 43.(1)
44.(3) 45.(4) 46.(2) 47.(2)
48.(2) 49.(4) 50.(3) 51.(4)
52.(3) 53.(1) 54.(4) 55.(1)
56.(4) 57.(3) 58.(4) 59.(4)
60.(4) 61.(1) 62.(2) 63.(3)
64.(2) 65.(1) 66.(3) 67.(1)
68.(4) 69.(3) 70.(2) 71.(3)
72.(3) 73.(1) 74.(2) 75.(1)
76.(1) 77.(2) 78.(1) 79.(3)
80.(1) 81.(3) 82.(1) 83.(1)
84.(4)

QUESTION BANK - 3

85. (2) 86. (3) 87. (4) 88. (1) 89. (4)

90. (2) 91. (3) 92. (3) 93. (2) 94. (4)

95. (3) 96. (3) 97. (2) 98. (3) 99. (1)

100. (1) 101.(4) 102. (2) 103.(1) 104. (1)

105. (1) 106. (1) 107. (4) 108.(4) 109. (2)

110. (2) 111.(1) 112.(3) 113.(4) 114. (2)

115. (1) 116.(3) 117. (2) 118. (4) 119. (2)

120. (2) 121.(4) 122. (3) 123. (1) 124. (2)

125. (4) 126. (2) 127. (4) 128. (1) 129. (2)

130. (3) 131. (2) 132. (4) 133. (2) 134. (4)

135. (2) 136. (2) 137. (4) 138. (3) 139. (4)

140. (1)
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41. (2)
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CH:15 - PLANT GROWTH AND DEVELOPMENT

INTRODUCTION

* Seed germinates to produce seedling. Seedling grows first into a juvenile plant which
develops only vegetative organs. Later on it begins to produce flowers, fruits and

s e e d s .
* Unlike animals, plants do not stop growing after reaching maturity. They continue to

grow and bear new roots, leaves, branches, flowers etc.
* While roots, stems and their branches have indefinite growth, other organs like leaves,

flowers and fruits show limited or definite growth. They appear and fall off
periodically and ometimes repeatedly. There is a highly ordered succession
of events.
* A plant consists of billions of cells arranged in specific tissues and organs. All of them

are descendents of a single celled zygote. There are a number of intrinsic (internal)
and extrinsic (external) factors which control various development processes.

GROWTH
* Plants typically continues to grow throughout their lives. Growth in a plant is the result of

cell division, enlargement of the new cells and their differentiation into different types of
tissues.

* Growth can be defined as the permanent and irreversible change in any dimension (like size
and volume) of an organism accompanying an increase in the dry weight.

 In plants growth is confined only to meristem. The extreme apices of root and shoot, for
instance, are occupied by primary meristem while in their older parts; secondary meristems
(i.e., Cambia) give rise to additional vascular tissues and to protective cork layer cells.

* The activity of each meristem facilitates the activity of the other meristems especially those
near to it, giving rise to growth correlations. The relationship of the growth of one part of
an organism to another part is called allometry.

* Generally growth is accompanied by metabolic processes (both anabolic and catabolic) that
occur at the expense of energy. During growth the rate of anabolism is more than catabolism.

* The swelling of a piece of wood when  placed in water is not described as growth as it comes
to its original size after sometime. It represents that it is a reversible phenomenon where as
growth is an irreversible one.

CHARACTERISTICS OF PLANT GROWTH
PLANT GROWTH IS INDETERMIINATE

* Growth in plants is unlimited and occurs continuously throughout their life due to which, the
growth of a plant is unique by the activity of meristematic cells. The new cells are
continuosly added and produced by cell division in a meristem. Such kind of growth where
in new cells are continuously added to the plant body by the activity of the meristem is called
the open form of growth.

* In plants, there is meristem at the apex of every root and shoot known as root apex and shoot
apex respectively.

 Some plants have intercalary meristems at the bases of internodes and leaf bases of grasses.

* The vascular cambium is another kind of meristem which develops secondary tissues.
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* The root apex and shoot apex add new cells to cause linear growth parallel to the long axis
of plant body. It is called primary growth of the plants.

* The lateral meristems like vascular cambium and cork cambium add new cells to cause
increase in girth. It is called secondary growth which occurs mainly in gymnosperms and
dicotyledons.

 

Root apical 
meristem

Shoot apical 
meristem

Shoot 

Root 

Cork Cambium

Cork Cambium

Vascular Cambium

Vascular Cambium

Fig. : Diagrammatic representation of locations of root apical meristem, shoot aplical
meristem and vascular cambium. Arrows exhibit the direction of growth of cells and organ

* The daughter cells, derived from cell division in the meristems, enlarge and bring about
visible increase in size of the plant. The expanding cells differentiate to form the different
tissues, and become part of the mature organ.

 If meristems cease to divide then they take a permanent shape and size to form various
structures of the plant body which are specific to a particular function.

GROWTH IS MEASURABLE

 Auxanometer is an instrument for measuring the growth while crescograph is used for
measuring plant growth in millionth part of mm.

 Crescograph was developed by Sir J.C. Bose
* Growth is a quantitative phenomenon as it involves increase in cell number and cell size

followed by differentiation. It is therefore measurable.
* Growth at cellular level is due to the increase in the amount of protoplasm. Since increase

in protoplasm is difficult to measure directly, a variety of parameters like
(i) Increase in fresh weight, dry weight
(ii) Increase in volume and size (cells in watermelon increase in size upto 3,50,000 times)
(iii) Increase in cell number (one single maize root apical meristem gives rise to more than
17,500

new cells per hour)
(iv) Increase in surface area denotes the growth in a dorsiventral leaf
(v) Increase in length denotes the growth of a pollen tube .

Phases of Growth
* The period of growth is generally divided into three phases namely, meristematic, elongation

and maturation.
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* We can understand this by observing root tips. The constantly dividing cells, both at the root
apex and the shoot apex, represent the meristematic phase of growth. The cells at this phase
of growth shows following features :
(i) rich in protoplasm
(ii) possess large conspicuous nuclei
(iii) their cell walls are primary in nature, thin and cellulosic with abundant plasmodesmatal

connections
(iv) have high respiratory rate

A
B

C
D
E
F
G

Fig. : Detection of zones of elongation by the parallel line technique.
Zones A, B, C, D immediately behind the apex have elongated most.

* The cells proximal (just next, away from the tip) to the meristematic zone represent the phase
of elongation. The cells found in this zone shows the following features:
(i) increased vacuolation
(ii) cell enlargement and new cell wall deposition are the characteristics of the cells in this
phase.

* Further away from the apex, i.e., more proximal to the phase of elongation, lies the portion
of axis that is undergoes the phase of maturation.

* The cells of this zone, attain their maximal size in terms of thickening and protoplasmic
modifications.

GROWTH RATES

* Increase in growth per unit time is called growth rate.
* Growth rate may result in arithmetic or geometric growth.
 Arithmetic Growth. It is a type of growth in which the rate of growth is constant and increase

in growth occurs in arithmetic progression—2, 4, 6, 8, 10, 12. Arithmetic growth is found
in root or shoot elongating at constant rate. Meristematic cells at the growing point divide
in such a fashion that one daughter remains meristematic while the other grows and
differentiates. The process continues. Mathematically arithmetic growth is expressed as : Lt
= L0 + rt
Lt = length after time t. L0 = length at the beginning. r = growth rate.



166

Time
(A) (B) (C)

Fig. : A. Arithmetic growth. B. formation of new cells, C. growth curve (constant linear growth,
a plot of length L against time t) .

* If a graph is plotted by taking length of the organ of a plant at Y-axis against the time at X-

axis, a linear curve is obtained
* Geometric Growth. It is quite common in unicellular organisms when grown in nutrient rich

medium. Here, every cell divides. The daughters grow and divide. The grand daughters repeat
the process and so on. Number of cells is initially small so that initial growth is slow. Later
on, there is rapid growth at exponential rate.

 

(A) (B)
Fig. : A. Geometric growth. B. formation of new cells.

* Formation of embryo from a zygote involves both arithematic and geometric growth rates.



167

(C)

Fig. : C. Stages during embryo development showing geometric and arithematic phases

COURSE OF GROWTH OR GROWTH CURVE

* Growth in an organ or entire plant does not take place at a uniform rate throughout the growing
period, rather it takes a certain definite course. The growth starts at a slow rate during the
formation phase (lag phase) , increases rapidly to maximum during phase of elongation (log
phase or exponential phase) and then gradually declines during the phase of maturation
(senescence phase) . The total time during which this course of growth takes place is called
grand period of growth (Sachs, 1873) .

Time
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Fig. : An idealised sigmoid growth curve typical of cells in culture,
and many higher plants and plant organs

* If this growth rate is plotted against time, a S-shaped curve is obtained which is called
sigmoid curve or grand period curve. The sigmoid curve represents the integrated sum of
the curves for each growing organ and cells and presents the changing size of these parts. In
the same way, when dry weight is measured as an index of growth before maturity, the curve
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 Environmental conditions may alter growth rate but not the sigmoid form of the growth curve.
* A sigmoid curve is a characteristic of living organism growing in a natural environment.

It is typical for all cells, tissues and organs of the plant.

 Law of Compound Interest (Exponential Growth) : Growth is dependent on three factors—
initial size (W0) , rate of growth (r) and the time interval for which the rate of growth can
be retained. It is just like depositing money in a bank. The money will grow at compound
interest. Growth will depend upon the initial size (amount of money deposited) , rate of growth
(rate of interest) and the period for which it is sustained (period of time in the bank) .

W1 = W0 e
rt

* Here W1 is the final size, W0 is initial size, r is growth rate, t is time of growth while e is
the base of natural logarithms (2.71828) . The magnitude of r or rate of growth has been called
efficiency index by Blackman (1919) as the organs and organisms with higher r value will
out perform others with low r value.

* Final size W1 depends on initial size, W0.

* Quantitative comparisons between growth of various systems can be made by measuring
their absolute and relative growth rates.

* Absolute growth rate: Measurement and comparision of total growth per unit time is called
absolute growth rate

* Relative Growth Rate : It is growth of given system per unit time expressed per unit initial
parameter.

 Relative growth rate = 
Growth per unit time 

Initial size 
x 100

A

5 cm2
50 cm2

55 cm2

B1

B

10 cm2

A1

Fig. : Diagrammatic comparison of absolute and relative growth rates. Both leaves

* A and B have increased their area by 5 cm2 in a given time to produce A1, B1 leaves. The
absolute growth rate of both the leaves A1 and B1 is same but if we calculate the relative
growth rate, it is found that A1 leaf has higher relative growth rate than B1 leaf which can
be proved by the following calculations

Relative growth rate (RGR) of A1 leaf = 
5

100
5
 (   Growth per unit time = 5cm2

Initial size = 5cm2 )
= 100%
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Relative growth rate (RGR) of B1 leaf = 
5

100
50

 (  Growth per unit time = 5cm2

Initial size = 50 cm2)
= 10%

A1 leaf has 100% relative growth rate whereas B1 leaf has 10% relative growth rate

CONDITIONS FOR GROWTH

Growth in plants affected by the factors which affect activity of protoplasm. These include
:

* Heredity or genetic factors
* Nutrients : Nutrients should be rich in nitrogenous components for increased synthesis of

protoplasm and carbohydrates for energy and cell wall synthesis.
* Water : It is required for cell elongation, maintenance of turgidity of growing cells and

providing medium for enzyme action. Even slight deficiency of water reduces growth.
* Oxygen : Growth is energy dependent and uses ATP.
* Light : It is required for tissue differentiation, synthesis of photosynthetic pigments and

photosynthesis. Its absence results in etiolation. Light also influences certain stages of growth.
* Temperature : A temperature of 28°—30°C is optimum for proper growth in most plants.

Higher temperature above 45°C hinders growth .
* Vitamins: Vitamins also play a very important role in the development of plant body.
* Gravity : It determines the direction of orientation or movement of main root, stem and the

branches borne over them.
* Growth hormones: They are now well known as the internal factors contributing largely to

the growth of the plants.

DIFFERENTIATION, DEDIFFERENTIATION AND REDIFFERENTIATION
DIFFERENTIATION :
* The phenomenon by which the cells derived from root apical meristem, shoot apical meristem

undergo permanent changes in their structure, biochemistry, size, physiology of cell wall and
protoplasm content thus, enabling the cells to perform a specific function is termed
differentiation.

    Some examples of differentiation are :
(i) Tracheary element : The tracheary element is formed by the process of differentiation
where the  cells elongate and loose their protoplasm to form tracheids. A strong, elastic
lignocellulosic secondary cell wall develops which does not allow tracheids to collapse
under extreme tension and allow it to carry water to long distances.

 (ii) Chlorenchyma : It is specialised to perform photosynthesis which is developed due to
formation of chloroplasts in the living, thin-walled cells.

     Other structures found in plants such as aerenchyma, stomata, collenchyma, trichomes, root
cap  etc. are formed after the differentiation.

DEDIFFERENTIATION

* During differentiation cells loose their ability to divide and form permanent cells. But some
cells  regain their capacity to divide under certain conditions. This phenomenon where certain
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living differentiated cells regain or retain their ability to divide and form new cells is known
as dedifferentiation.

     A dedifferentiated tissue can act as a meristem e.g., interfascicular cambium, cork cambium,
wound cambium. These are formed from fully differentiated parenchyma cells

REDIFFERENTIATION

* The derivatives of dedifferentiated cells can again loose their ability to divide to form
permanent cells specialised for a particular function. The process where the dedifferentiated
cells again loose their ability to divide to form permanent cells is called redifferentiation. It
is similar to differentiation of cells and tissues formed by primary meristem. (For example
- secondary phloem, secondary xylem, cork, secondary cortex are some tissues formed through
redifferentiation.)

* Like growth, differentiation is also open in plants. The same apical meristem produces
parenchyma, fibres, xylem, phloem, collenchyma and epidermis. The final structure of a cell,
formed at maturity is also determined by the neighbouring cells present in the tissue. For
examples, cells positioned away from root apical meristem differentiate as root cap cells,
while those pushed to the periphery mature as epidermis.

* The parenchymatous cells that are made to divide under controlled laboratory conditions
during plant tissue culture results in callus which is dedifferentiation

Primary meristem  
Differentiaion

1
  Primary permanent

tissue  
De-differentiaion

2
  secondary meristem  

Re-differentiaion
3

 secondary

permanent tissue

 Primary meristem  1Medullary rays  2 Interfascicular cambium  3 Secondary

xylem+Secondary phloem

e.g : In dicot stem in the intrastelar region:

 Primary meristem  1Cortex  2 Phellogen  3 Phellem+Phelloderm

e.g : In dicot stem in the extrastelar region :

 Primary meristem  1Conjunctive tissue + Part of

pericycle  2 cambium  3 Seconday xylem+Secondary phloem

e.g : In dicot root :

 Primary meristem  1Outer layers of pericycle  2  Phellogen  3 Phellem +

Phelloderm

e.g : In dicot root :

DEVELOPMENT
* Development is the sequence of changes that occurs in the structure and functioning of an

organism, organ, tissue or cell involving its formation, growth, differentiation, maturation,
reproduction, senescence and death.

* Plant during its life cycle passes through development stages of seed germination, seedling,
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juvenile phase, maturation, flowering, seed formation and senescence. The conversion of one
phase into next is also development e.g., leaf initiation to leaf expansion, vegetative or
juvenile phase to reproductive phase i.e., flowering.

* Appearance of chloroplasts in cells when exposed to sunlight is also a type of development.
Development leads ultimatley to senscence and then to death.

PHENOTYPIC PLASTICITY
Plants follow different pathways in response to environment or phases of life to form
different kinds of structures. This ability is called plasticity.
e.g., heterophylly in cotton, coriander and larkspur.

Fig. Sequence of the developmental process in a plant cell.

 The development process is not always straight. Plants show plasticity which means the
ability of plant to follow different pathways and produce different structures in response
to environment. Example of plasticity is heterophylly.

 Heterophylly is the phenomenon of appearance of different forms of leaves on the same plant.

a) Developmental Heterophylly: It can be seen or observed in plants like cotton, coriander
and larkspur (Delphinium) . In such plants, the leaves of the juvenile plants are different
in shape from those of mature plants.

b) Ecological Heterophylly: On the other hand, difference in shapes of leaves can be
observed  in buttercup (Ranunculus) present in air and water. It means, this plant shows
different shapes of leaves according to its habitat

 

AdultJuvenile (a)

(b)

Terrestrial habitat Water habitat
Heterophylly in (a) larkspur (Delphinium) - Developmental Heterophylly
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and (b) butter cup (Ranunculus) - Environmental Heterophylly

Etiolation is the term applied to the morphological adaptations exhibited by a plant
growing in the dark. Such plant shows
 long, spindly stems
 lack of chlorophyll
 stunted small leaves or no leaf expansion
 little mechanical tissue
 no root growth

PLANT GROWTH HORMONES / PLANT GROWTH REGULATORS
* Plant growth regulators (PGRs) are small, simple organic substances of diverse or different

chemical composition which are required in low concentration like hormones in animals.

* The PGRs influence physiological activities of plants leading to promotion, inhibition and
modification of growth. Therefore, they are also called as plant growth substances or plant
hormones or phytohormones.

* A plant hormone can be best defined as a chemical substance other than nutrients which
regulate one or more physiological activities at the same site where it gets synthesised or away
from that. These phytohormones are composed of different types of chemical compounds which
are as follows:

Composition Phytohormones
1. Indole compounds IAA-(Indole 3-acetic acid)
2. Terpenes Gibberellic acid
3. Adenine derivatives N-furfuryl-aminopurine (kinetin)
4. Gases Ethylene (CH2=CH2)
5. Derivatives of carotenoids Abscisic acid (ABA)

CLASSIFICATION OF PGRS/PHYTOHORMONES :
* On the basis of their functions perfomed in a living plant body, these can be broadly classified

into two groups i.e.,
(i) Plant growth promoters : These are the chemical substances involved in growth -

promoting activities such as cell division, cell enlargement, tropic growth, flowering,
fruiting and seed formation. e.g., auxins, gibberellins and cytokinins

ii) Plant growth inhibitors : These are the chemical substances such as ABA, involved in
growth-inhibiting activities like dormancy and abscission.
(a) Dormancy : It is a period when growth and development are temporarily stopped. For

example, failure of seeds to germinate due to the lack of favourable conditions in the
environment.

b) Abscission : It is the  falling or shedding of leaves, fruits and flowers.
One other type of phytohormone i.e., ethylene could fit either of the two above
mentioned groups, but its is largely an inhibitor of growth activities and is a gaseous
hormone.

AUXINS
* Auxins were first discovered by F. W. went
* The word auxin is derived from Greek word ‘auxein’ which means to grow
* Discovery : Auxin was the first hormones to be discovered. Charles Darwin and his son

Francis Darwin observed that the stimulus of light was perceived by coleoptiles tip of canary
grass (Phalaris canariensis) but the bending response to unilateral light was produced at a
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distance in growth zone i.e., subapical part.
* After a series of experiments conducted by other scientists, it was concluded that the sensation

picked up by the coleoptile tip is transmitted to the subapical part which bends towards the
direction of light as it was found that :
a) In an experiment if the coleoptile tip was removed, then there was no bending of shoot

towards light because the stimulus of light was not perceived.

b) When coleoptile tip was covered by an opaque tin foil cap, it could not perceive the
stimulus of light and hence, no bending was observed

 ISOLATION

 a) Auxin was first isolated from human urine samples because auxins do not have metabolic
role so excreted out of the body.

 b) It was also isolated from the tips of coleoptiles of oat seedlings by F.W. Went.
 c) Precursor : Tryptophan (amino acid) and zinc is responsible for its synthesis.
SYNTHESIS :
 They occur in the growing apices of the stems and roots from where they migrate to their site

of action.
TRANSLOCATION OF AUXINS :
 Earlier it was thought that auxins are transported in vascular tissues. Recently it has been

shown that the normal movement of auxins occurs through the living cells including phloem
parenchyma and parenchymatous cells that surround vascular bundles. The usual movement of
auxins occurs from stem apex downward to the base (i.e., basipetal) . Such a movement of
auxins is known as polar transport.
Types : Auxins are of two types :
a) Natural auxins : These are produced by plants and can be isolated from them.

For example, IAA : Indole-3-acetic acid IBA : Indole-3-butyric acid
b) Synthetic auxins : These are produced artificiallry

For example : 2,4-D2,4-Dichlorophenoxyacetic acid
2,4,5-T2,4-5-Trichlorophenoxyacetic acid -
NAANaphthalene acetic acid

* All these auxins have been used extensively in agricultural and horticultural practices
 Bioassay : The functions of auxins can be tested with the help of bioassays. Bioassay means

the testing of substance for its activity in causing a growth response in a living plant or its
part. The test measures the concentration required to produce the effect and thus, it is
quantitative.

 The avena curvature test, and root growth inhibition test are some of the bioassays for
examining auxin activity

 F.W. Went cut off tips of oat coleoptiles and placed them on small agar blocks and let them
stay for a few hours to allow all the chemical influence’ to diffuse into the agar. By this, he
isolated auxins in agar block. He then placed these agar blocks on one side of freshly
decapitated coleoptiles. He observed that the coleoptiles grew and bent away from the side
on which the block was placed. The degree of curvature of the coleoptile was directly
proportional to the concentration of the chemical influence in the agar block. Went named
this chemical influence responsible for the phototropic response as auxin. hence, Went
is credited with the discovery of auxins.

a b c d
Fig. : Experiment used to demonstrate that tip of the coleoptile is the source of auxin.  Arrows
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indicate direction of light.

PHYSIOLOGICAL EFFECTS/FUNCTIONS OF AUXIN :

i) Abscission : In the presence of normal level of auxin, plant organs such as fruits, leaves cannot
abscise. Thus, auxin inhibits the abscission, it can occur only when auxin content or level
decreases and a layer called abscission layer is formed between the organs like fruits, flowers
etc. Thus, auxin inhibits abscission of young leaves, fruits and flowers whereas it promotes
the  abscission of older mature leaves fruits and flowers

ii) Apical dominance : It is the phenomenon
by which the presence of apical bud does not allow the nearby lateral or axillary buds to grow.
Apical bud secretes auxin which inhibits the growth of lateral buds. If the apical bud is
removed (decapitation) , the lateral buds, sprout i.e., start growing. However, if a paste
containing auxin is applied on the cut portion of the decapitated shoot, the lateral buds remain
inhibited in the similar way when apical bud is present.
The removal of apical bud is done for the preparation of hedges and bushy growth in certain
plants. For example, when the apical bud of tea plants is removed, the lateral buds start
developing into branches. It is done to produce more number of leaves so that yield can be
increased.

(a) (b)

Fig. : Apical dominance in plants : (a) A plant with apical bud intact1
(b) A plant with apical bud removed

Note the growth of lateral buds into branches after decapitation.

iii) Cell division and Xylem differentiation : Auxin is responsible for initiation  and promotion
of cell division in cambium. It also controls the xylem differentiation.

USES/APPLICATIONS :

1) Rooting : Auxin stimulates root formation on stem cuttings, particulary the woody ones. The
common auxins used for inducing the rooting are NAA and IBA.

2) Flowering : The dilute solutions of NAA and 2,4-D are sprayed on litchi and pineapple which
induce flowering in them. However, flowering in most plants can be inhibited by spraying high
concentration of auxins. This effect is used as an advantage to prevent flowering in lettuce,
where only leaves are edible.

3) Parthenocarpy: Auxins such as IAA and IBA in diluted form are used to produce parthenocarpic
or seedless fruits e.g., tomatoes. It has been observed that the carpels (female part) producing
parthenocarpic or seedless fruits like banana, grapes etc. have a higher internal production of
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auxins.
4) Weedicides : Some synthetic auxins are used as weedicides. Weedicides are the chemicals

used to kill weeds (unwanted
plants) growing with the crops. 2,4-D is widely used to remove broad leaves weeds or
dicotyledonous weeds in cereal crops (Monocots)
The auxins are also used by gardeners to prepare weed-free lawns. Thus, auxins are widely
used in agricultural and horticultural practices.

GIBBERELLINS - (GERMIINATION PROMOTING HORMONE)
* Discovery : In early 20th century,  Japanese farmers observed that certain rice seedlings in

their fields grow excessively tall and become weak and sterile. It was found that it is a type
of disease from which the seedlings suffered known as ‘bakane’ or ‘foolish seedling’ disease.

* Japanese plant pathologist E. Kurosawa (1926) found that the disease was caused by a fungus,
Gibberella fujikuroi. With the extract of this fungus, he could produce symptoms of foolish
seedling in healthy plants.

* Yabuta extracted the active substances i.e., growth promoting substances and termed them as
gibberellin. Presently, more than 100 gibberellins have been identified from widely different
organisms such as fungi and higher plants. They are acidic in nature and denoted as GA1, GA2,
GA3 and so on. Among all gibberellins or gibberellic acid, GA3 is one of the first to be
discovered and remains the most intensively studied form.
Precursor : Acetyl-CoA

 Synthesis and Transport : Their synthesis takes place in roots, young leaves near the shoot
tip, seed, embryo and endosperm. Their transport is through simple diffusion as well as via
conducting channels and is non-polar.
Bioassay of Gibberellins
i) Induction of  -amylase in barley endosperm test.
ii) Dwarf maize test
iii) Dwarf pea test

PHYSIOLOGICAL EFFECTS/FUNCTIONS :
i) Stem and leaf growth : Gibberellins stimulate stem elongation and other aerial parts.

Therefore, these increase the size of stem and fruits. However, gibberellins have  no effect
on roots.

ii) Bolting : Gibberellins induce stem elongation in ‘rossette plants’ e.g., cabbage, beet. In
rossette plants, internodal growth is retarded and leaves develop profusely. In these plants,
just prior to the reproductive phase, the internodes elongate enormously causing a marked
increase in stem height. This is known as bolting .

iii) Seed germination : Gibberellins stimulate the synthesis of various types of hydrolytic
enzymes for mobilisation of reserve food, e.g., amylases, proteases.

USES/APPLICATION :
1) Fruit growth : Gibberellins are used to increase the size of apple as well as improve its shape

and increases bunch length in grapes.
2) Delayed ripening : WIth the help of gibberellins, ripening of fruits can be delayed so that

their plucking can be postponed. Thus, fruits can be left on the tree longer so as to extend
the period for marketing.

3) Malt yield : GA3 is used to speed up the malting process in brewing industry. It

increases the yield of malt from barley grains.
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4) Sugarcane : Carbohydrate in the form of sugar is stored in the stems of sugarcane. When
gibberellin is sprayed on sugarcane crop, the length of the stem increases. As a result, the
sugar content increases which finally increases the yield by as much as twenty tonnes per
acre.

5) Quicker maturity : In juvenile conifers, gibberellin has been found to cause quicker early
growth so that maturity is reached early. It is useful for obtaining early and quicker yield of
economically important seeds.

CYTOKININS

* Discovery : F. Skoog and his co-workers found that tobacco callus i.e., a mass of
undifferentiated cells proliferated only when in addition with auxin, the culture medium is
provided either with coconut milk or yeast extract DNA. Cytokinins occur in Most of plants
including mosses ferns. Conifers Algae and Diatoms

* Miller et al. discovered the first cytokinin from degraded product of autoclaved herring sperm
DNA which had a powerful cytokinesis (division of cytoplasm) promoting effect. It is called
kinetin (N6-furfurylamino purine) . It is a synthetic product and does not occur naturally in
plants.

* Isolation : The first natural cytokinin was isolated from unripe maize grains or kernels known
as zeatin. It can also be isolated from coconut milk. Since the discovery of zeatin, several
naturally occurring cytokinins, and some synthetic compounds with cell division-promoting
activity have been identified.

* The kinetin (6-furfuryl aminopurine) has been found to be derivative of adenine which bears
furfuryl substituent at 9th position that migrated to 6th position of adenine ring during
autoclaving of DNA.
Kinetin was identified by Miller
Naturally occuring cytokinin is zeatin

SYNTHESIS AND TRANSPORT :

 The synthesis of cytokinins occurs in root tips. It is then transported to different parts of the
plant through xylem elements and their movement is polar.

 Occurrence : Cytokinins occur in regions where rapid cell division occurs such as root
apices, developing shoot buds, young fruits etc.

 Chemically these are modified purines, derived from tRNA. e.g., Zeatin (benzyl aminopurine
(BAP) , Isopentenyl adenine (IPA)

 Precursor :  (Adenosine monophosphate) AMP

 Bioassay : 1) Chlorophyll retention by leaf disc.

2) Promotion of cell division in tobacco pith culture.

3) Excised radish cotyledon expansion.

FUNCTIONS/PHYSIOLOGICAL EFFECTS

(i) Growth of leaves and shoot : It helps in the production of new leaves and chloroplasts in
leaves. It also stimulates lateral shoot growth and adventitious shoot formation.

(ii) Counteracting apical dominance : Cytokinin initiates the growth of lateral buds despite the
presence of apical bud. In the presence of cytokinins, supply of water and minerals increases
to lateral buds. Therefore, the lateral buds grow even in the presence of apical bud.

(iii)Delay in senescence : Cytokinins delay the senescence (ageing) of leaves and other-organs
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by controlling protein synthesis and mobilisation of nutrients as resources (Richmond Lang
effect) .

(iv)Cell division : Cytokinins are essential for cytokinesis i.e., division of cytoplasm. Along with
auxin, cytokinin causes division even in permanent cells. These two hormones are also
responsible for cell division in callus i.e., a mass of undifferentiated cells.

(v) Shelf life of cut shoot, vegetables and flowers is increased by applying this hormone.

USES/APPLICATIONS

(1) Overcoming senescence : Cytokinins are used to delay the senescence of intact leaves and
other plant parts.

(2) Tissue culture : Cytokinins along with auxins are essential in tissue culture as they are
required for cell division and morphogenesis/organogenesis.

Auxin concentration = Cytokinin concentration   Callus

Auxin concentration > Cytokinin concentration   Root

Cytokinin concentration > Auxin concentration   Shoot

ETHYLENE - (FRUIT RIPENING HORMONE)

* It is a gaseous plant hormone and it’s molecular formula is C C

H

H
H

H

* Discovery : Cousins discovered and confirmed that ripe oranges emitted a volatile substance
that brought about early ripening of unripen bananas kept near by. Later on, this volatile
substance was identified as ethylene.According to Gane(1934) Ethylene is a plant PGR

 According to crocker, C2H4 was the plant PGR responsible for fruit ripening as well as
inhibition of vegetative tissues

 Synthesis : It is synthesised in almost all plant parts like roots, leaves, flowers, fruits, seeds
etc. The maximum synthesis occurs during ripening of fruits and in the tissues undergoing
senescence i.e., ageing

 Precursor : Methionine (First aminoacid )

 Bioassay of ethylene : Triple response test

PHYSIOLOGICAL EFFECTS / FUNCTIONS

1) Transverse or horizontal growth : Ethylene inhibits longitudinal growth but stimulates
transverse growth of seedlings. It is also responsible for the formation of apical hook in dicot
seedling and swelling of the axis due to which stem looks swollen.

2) Senescence : It promotes senescence of plant parts like leaves, flowers. It has been found
that leaf senescence is largely caused by ethylene.

3) Abscission : Ethylene accelerates abscission i.e., shedding of leaves, flowers and fruits.

4) Fruit ripening : Ethylene is a ripening agent. It is involved in ripening of climacteric fruits.
The climacteric fruits are fleshy fruits which show sudden sharp rise in the rate of respiration
at the time of ripening. This sudden sharp rise in the rate of respiration is called
respiratory climactic.

5) Breaking of dormancy : It breaks the

dormancy of seeds, buds and initiates the germination of seeds such as peanut seeds. It also



178

causes the sprouting of potato tubers.

6) Elongation of stem in deep water rice plants : Both stem and petiole elongation in
submerged and partially submerged aquatic plants is promoted by ethylene. For example,
leaves of rice seedlings remains out of water due to ethylene where it induces rapid growth
of internodes and leaf bases.

7) Roots and root hairs : Ethylene induces development of adventitious roots on various types
of cuttings. It promotes the development of lateral roots and growth of root hairs, so as to
increase the absorption surface.

8) Flowering : Flowering and fruit set up are synchronised by ethylene in pineapples. It also
initiates flowering in mango

9) Sex expression : Ethylene increases the number of female flowers (feminising effect) and
hence fruits in certain plants like cucumber.

10) Epinasty : Exposure to ethylene causes drooping of leaves and flowers.

USES/APPLICATIONS

* Ethylene is one of the most widely used PGRs in agriculture as it regulates so many
physiological processes which are discussed earlier. The most widely used compound as a
source of ethylene is ethephon. Ethephon is an aqueous solution is readily absorbed and
transported with in the plant and release ethylene slowly.

Ethephon IUPAC ID  : 2-Chloroethylphosphonic acid

THE USES OF ETHYLENE ARE AS FOLLOWS :

1) Fruit ripening : Ethephon is used in artificial ripening. It is an aqueous solution which is
readily absorbed and transported within the plant and releases ethylene slowly. Ethephon has
the capacity to increase or hasten fruit ripening.

Fruits such as tomatoes, apple, banana, mango etc. are picked up and transported to godowns
before ripening, where ethylene is used to induce artificial ripening in them.

2) Abscission and thining : It is used to accelerate or increase the abscission of flowers and
fruits and also the thining of fruits. e.g., cotton, cherry, walnut.

3) Increase in number of fruits : Application of ethylene in cucumber increases the number of
female flowers thereby increasing the yield.

4) Sprouting of storage organs : The sprouting of storage organs such as rhizomes, tubers can
be enhanced by exposing them to ethylene

ABA - ABSCISIC ACID - (STRESS HORMONE)
* Abscisic acid is a mildly acidic growth hormone which functions as a general growth inhibitor

ABA is a sesqui terpernoid PGR
Discovery : During mid 1960s, three independent researches reported the purification and
chemical characterisation of three different kinds of inhibitors - inhibitor B, abscission II and
dormin. Later all the three were proved to be chemically identical. In order to avoid confusion
the name abscisic acid was given.
Abscisin - II called ABA and it was discovered by Addicot.etal in 1963
Dormin  was discovered by philipWareing et.all

Synthesis and Translocation :

 ABA is a C-15 sesquiterpene, a compound of three isoprene units.  Most of this hormone is
synthesized in leaves and fruits.

 It is transported through both xylem and phloem elements as also through the parenchyma cells
outside the vascular bundle.
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Occurrence : Dormant buds, seeds.
Precursor : Mevalonic acid or xanthophylls - violaxanthin. Zeaxanthin is the Ist precursor
of ABA

Bioassay of ABA : Rice seedling growth inhibition test and inhibition of  - a m y l a s e

synthesis in barley endosperm.

PHYSIOLOGICAL EFFECTS/FUNCTIONS

1) Abscission : ABA promotes abscission of flowers and fruits.

2) Dormancy of buds and seeds : ABA acts as a growth inhibitor and induces dormancy of buds

and seeds. As ABA induces dormancy, it is also known as dormin. The buds as well as seeds

sprout only when ABA is overcome by gibberellins

3) Metabolism : ABA inhibits the protein and RNA synthesis and cause destruction of

chlorophyll. As a result sensescence of leaves is stimulated.

4) Inhibition of seed germination : Abscisic acid inhibits gibberellin mediated amylase

formation during germination of cereal grains and thus inhibits their sprouting.

5) Closure of stomata : The concentration of ABA increases in the leaves of the plants during

dessication and other stressful conditions. Therefore, it can also be known as antitranspirant.

Thus, synthesis of ABA is stimulated by drought, water logging and other adverse environmental

conditions. Therefore, it is known as stress hormone.

In most situations, ABA acts as an antagonist to GAs so it is also known as Anti-GA.

USES / APPLICATIONS

1) Antitranspirant : Application of minute quantity of ABA to leaves reduces transpiration to a

great extent through partial closure of stomata. It thus, conserves water and reduces the

requirement of irrigation.

2) Dormancy : ABA is used to induce the dormancy of buds, seeds and storage organs. By

inducing dormancy, ABA helps the seed to withstand desiccation and other unfavourable

factors. Thus, ABA plays an important role in seed development and maturation.

In plants, growth, differentiation and developmental processes are regulated by one or other

hormone. The phytohormones can act individually, synergistically or antagonistically. Synergistic

action means two or more hormones have combined effect while antagonistic means two

hormones work in opposite manner.

SYNERGISTIC ACTIONS

 1) Cell division : Both auxin and cytokinin promote cell division.

 2) Abscission : Both ethylene and ABA are responsible.

ANTAGONISTIC EFFECTS

 1) Dormancy : ABA induces dormancy of buds, seeds whereas gibberellins inhibit it.

 2) Apical dominance : Auxin promotes the apical dominance whereas it is inhibited by

cytokinin.

 3) Senescence : Senescence is prevented by auxins while it is stimulated by ABA
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AU XIN S G IB B ER ELLIN S C YTO K IN IN S ETH YLEN E AB A
S ynthesis In s hoot 
ape x  and root 
ape x ,young 
leaf,develop ing fruits 
and  seeds

S ynthesis In A pex , 
e mbryo, young le a f

S ynthesis In R oot 
apice s , developing 
shoo t buds, young  
fruits ,e ndos pe rm

S ynthesised  in large 
amounts by tis s ue s  
unde rgo ing  
s e ne s ce nce  and 
ripe ning  fruits

S ynthe s is  in root and 
le a f

Caus e  apical 
dominance  

Incre as e  in le ngth of 
ax is

Have anti- ageing effec ts 
(R ichmond-Lang  
effect)

Apica l /e picoty ls  hook   
fo rmation in d ico t 
seed lings

Caus e  s e ne s ce nce , 
age ing and abs cis s ion

Initia te  rooting  in 
s te m cuttings

R e ve rs a l o f ge ne tic  
dwarfis m

P romote nutrient 
mobilisation 

Promote s  s e ne s ce nce  
and abs cis s ion 

Increase hydro lytic 
activity

Promote  la te ra l root 
formation

Increase  the  length o f 
grapes sta lks.

Incre as e s   s he lf  life Accelerates abscission 
in flow ers and  fruits 
(thinning  o f co tton, 
che rry , wa lnut) 

Inhib its seed 
germination 

Promote  ce ll 
e longation

Increases the length o f 
sugarcane 

Promote  s tomata l 
ope ning

Effe ctive  in fruit 
ripe ning

Promote  s e e d 
dormancy

F eminising effects D e lay  s e ne s ce nce  C ontrol 
morphoge ne s is  in 
tissue culture

Enhances the resp iration 
rate  during ripening o f 
the  fruits. This rise  in 
rate  o f resp iration is 
called  re s piratory  
climactic .
Eg . A pple  
,banana ,tomato

Role  in seed  /embryo  
maturation 

Pre ve nt fros t damage P romote seed  
germination in cereals 
and  S pe e d up the  
malting proce s s

P romote lateral shoo t 
growth 

Breaks seed and  bud  
dormancy Initia tes 
germination in peanut  
seeds

S timula te s  clos ure  of 
s tomata   A ct as  
antitrans pirant

Pre ve nt lodg ing  in 
ce re a ls

H astens the maturity  
o f juve nile  conife rs  
lead ing to  early seed  
p roduction

Promote   adve ntitious  
s hoot fo rmation

Initia te  s prouting  of 
pota to  tube rs

Als o  ca lle d the  s tre s s  
hormone  

P romote cambial 
ac tivity

Promote s  bo lting  
(internode  elongation 
just p rior to  flow ering) 
in bee t, cabbages 
,sp inach,henbane  and  
many p lants with rosette  
hab it

B re ak s  s e e d 
dormancy

Promote s  rapid 
inte rnode /pe tio le  
e longation in de e p 
wate r rice plants.  

Acts  as  an antagonis t 
to  G A s  

Promote  s we e te ning  
o f fruits

Promote  male ne s s  in 
s pinach,cannabis ,cucu
mbe r

S ubs titute  re d light 
re quire me nt for s e e d 
ge rmination

Initia te  flowe ring  and 
for s ynchronis ing  fruit-
s e t in pine apple s

P romote flow ering in 
strawberry and  
b lackcurrant

Promote  
parthe nocarpy  in 
tomato

Promote  
parthe nocarpy

Promote  s ugar 
trans port

Induces flow ering in 
mango  P romotes female 
flowers in cucumbers

Promote  root growth

Pre ve nt abs cis s ion of 
young leaves/fruits and   

Promote  flowe ring  in 
LD P

O ve rcome  the  apica l 
dominance . 

Promote  abs cis s ion of 
o lder mature leaves and  
fruits.

P romote leaf expansion P romote xylem/phloem 
differentiation

Act as  s e le ctive  
we e dicide

Promote  flowe ring  in 
S D P

Inhibit flowe ring  in 
le ttuce

Increase high temp . 
resistance

* The role of PGR is of only one kind of intrinsic control. Along with genomic control and
extrinsic factors, they play an important role in the plant growth and development. Many of
the extrinsic factors such as temperature and light, control plant growth and development via
PGR. Some of such events could be dormancy, seed germination, flowering, plant movements
etc.
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PHOTOPERIODISM AND VERNALIZATION
* Plants flower when they reach the reproductive phase. There are various parameters which

influence the process of flowering. Two main phenomena involved in the flowering process
are - Photoperiodism and Vernalization.

PHOTOPERIODISM

* The relative lengths of dark and light periods vary form place to place and from season to
season which influence the flowering process to a great extent in different plants. The length
of light period is called photoperiod and the responses shown by the plants to changes in
the relative lengths of dark and light period is called photoperiodism. Thus, plants exhibiting
such responses are known as photoperiodic plants

 Garner and Allard, found that the tobacco plants could flower only if the plants were exposed
to a number of short days. In autumn, this occurred naturally. But in summer the plants did
not flower even after attaining much heights, until and unless these were provided a number
of short days of 7 hours in a green house. When they examined more plants for this behaviour,
they found that plants differ in thier requirements for day length.

CLASSIFICATION ON THE BASIS OF PHOTOPERIODIC RESPONSE :

* Short day plants (SDP) : Flowering in plants take place only when dark length is greater
than a critical dark length. Typical short-day plants do not flower unless they are subjected
to dark periods of about 11-14 hours,

* Long day plants (LDP) : Flowering in plants take place only when day length is longer than
a critical day length. Long day plants need shorter night of about 11-12 hours,

Flowering Critical

Critical

Below

AboveAbove

No Flowering Flowering

Short day plantLont day plant Day neutral plant

Flowering
after

vegetative
maturity

No Flowering

photo
period

photo
period

Below

Fig. Photoperiodism : Long day, short day and day neutral plants

* The short day and long-day plants do not imply that all long-day plants require period of light
that are longer than those needed by short-day plant. Critical period for some long-day plants
are either almost equal or even shorter than these of some short-day plants, e.g., Xanthium
(SDP) and Hyoscyamus niger (LDP) required 12-13 hours photoperiod for flowering.
Xanthium has a critical day length of 11 hours and both flower when these values are not
exceeded.
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* Photoperiodic stimulus is perceived by leaf. When proper photoperiod is perceived a
flowering hormone called florigen is synthesized in leaf and is transported to bud where
flowering occurs. Florigen is a hypothetical hormone and is chemically similar to gibberillins.
It was discovered by Mikhail. Chailakhyan” According to him, florigen is the combination of
Anthesin and Gibberellins. Florigen = Anthesin + GA

SDP LDP DNP 

Day length not important 
Night length is important
Require uninterrupted darkness 
for flowering (longer than critical 
length)
If dark is less than a critical 
length no flowering occurs even 
if light period is of appropriate 
length

Flower in late spring / summer
Photoperiod is greater than 
critical length
Best flowering in continuous light
Dark period is inhibitory
Dark interruption promotes 
flowering
GA promote flowering

In these plants flowering is 
insensitive to the duration of light 
and temperature.

Eg 
Tobacco, Soyabean, Xanthium   
Strawberry, Coffee, Rice, 
Potato,  Sugarcane,  Cosmos, 
Dahlia,  Chrysanthemum, 
Coleus,  Cannabis, 
Kalanchoe, Viola,  
Chenopodium 

Eg 
Pea, Oat, Radish, Wheat, 
Mentha,         
Melilotus, Henbane, Spinach, 
Barley,   Larkspur, Cabbage, 
Clover, China rose, Carrot, 
Petunia, Onion, Gulmohar, 
Arabidopsis 

Eg 
Tobacco, Cucumber, Sunflower, 
Tomato, Dandelions, Maize, 
Cotton, Mirabilis, Balsam , 
Cucumis, Bean,             
Phaseolus, Rhododendron 

* Day neutral plants (DNP) : Plants which are uneffected by dark or light cycle.

These plants start to flower at a certain stage of growth and continue to flower and bear fruit

till they die.

VERNALIZATION

* The term vernalization was coined by the Russian agronomist Lysenko to refer to the method

of accelerating the flowering ability of biennials or winter annuals, by exposing their soaked

seeds to low temperatures for a few weeks. However, presently the term is used in a wider

sense to include the promotion of flowering in plants by exposing them to low temperatures at

any stage in their life cycle.

* It has been found that some plants, especially biennials and perennials, are stimulated to

flower by exposure to low temperature.This promotive effect of temperature on flowering is

called vernalization.

* Vernalization is seen in many winter annuals and biennial plants

a) Winter annuals : Some important food plants like wheat, barley, rye have two kinds of

varieties - winter and spring. The ‘spring’ variety is normally planted in the spring

season. In this variety, flowering and production of grain occurs before the end of the
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growing season. However, if winter varieties are planted earlier to their sowing periord

i.e., in spring season, this would result in no flowering and production of mature grains

within a span of a flowering season. Hence, they are planted in autumn. They germinate

and over winter come out as small seedlings, resume growth in the spring, and are

harvested usually around mid-summer. Therefore, we can say that plants require a

specific temperature.

b) Biennial plants : Biennial plants such as sugarbeet, cabbage, carrot are monocarpic that

normally flower and die in the second season. When growing biennial plants are

subjected to a cold treatment, it leads to the stimulation of a subsequent photoperiodic

response which results in flowering. The main role of vernalisation is to prevent the

precocious (i.e, early) reproductive development so that the plants have enough time to

reach maturity.

 IMPORTANCE OF VERNALIZATION

 i) Vernalisation can help in shortening the period between germination and flowering. Thus,

more than one crop can be obtained during a year.

 ii) Sowing of winter crops (cereals) in spring season after vernalisation can avoid killing

of cereals in severe winter.

SEED DORMANCY AND SEED GERMINATION

* The seed undergoes a period of suspended growth and does not germinate as soon as it is
formed. The suspension of growth is referred to as quiescence which is due to exogenous
factors, such as the environmental conditions.

* The seeds may be in a state of dormancy or rest due to endogenous control during which
metabolic activity of the seed is greatly reduced.

* Quiescence is the condition of a seed when it is unable to germinate only because favourable
external conditions normally required for germination are not available. Such seeds will
germinate if they are supplied with water and suitable temperature.

* Dormancy is the condition of seed when it is unable to germinate because of internal
conditions inspite of the availability of all environmental conditions suitable for germination.

1. Reasons of Dormancy

a) Due to seed coat

1) Seed coat impermeable to gases e.g., Apple

2) Seed coat impermeabale to water e.g., Trigonella

3) Seed coat mechanically resistant e.g., Members of Fabaceae, Capsella, Amaranthus

b) Due to immaturity of embryo e.g., Ginkgo biloba, Ranunculus

c) Due to specific light requirement : Some seeds require light for germination and are called
positive photoblastic seeds. (e.g., Lactuca sativa, Nicotina tabaccum, Lythrum, etc.)
Germination in lettuce (Lactuca) is induced by red and inhibited by far red light.

Some seeds show inhibition of germination due to light exposure and are called negative
photoblastic seeds, e.g, onion, lily etc.
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d) Dormancy due to chilling temperature requirement e.g., Polygonum.

e) Demand of after ripening period : Some seeds have a mature embryo but do not germinate
immediately due to the absence of growth hormone. They require a period of after ripening
during which they attain the power to germinate, e.g., oat, barley, wheat.

f) Due to germination inhibitors : Some chemicals like organic acids, tannins, alkaloids,
lactones, mustard oil, abscisic acid, phenolic acid, Para ascorbic acid, short chain fatty
acids and coumarin, ferulic acid in tomato pulp etc inhibits germination.

METHODS FOR BREAKING THE SEED DORMANCY :

* Scarification : Seeds with hard seed coats may remain impermeable to water and oxygen

thereby remaining dormant. The seed coat of such seeds is either broken mechanically

(mechanical scarification) or by treating with strong acids such as H2SO4 (chemical

scarification) .

* Stratifiaction or prechilling : The practice of layering the seeds during winter in layers of

moist sand and peat

* Chemicals : There are several chemicals which promote seed germination such as KNO3,

gibberellins, cytokinins, thiourea etc.

Phytochrome

 It is a chromo protein with an open tetraphyrrole structure Borthwick and Hendrick, in 1950s

plotted action spectrum of wavelengths showing their relative effectiveness in stimulating

seed germination. The wavelength most effective for promoting germination was 660 nm

(Red) and for inhibition of germination about 730nm (Far red) . They also demonstrated that

only brief exposures of light were necessary and also that the effects of red light were

reserved by far red light and vice versa

 The pigment responsible for this was isolated in 1960 and was called phytochrome by Butler.

It is a blue green pigment existing in two interconvertible forms: FRP  or 730P  (absorbs far-

red lights) and PR or P660 (absorbs red light) . By absorbing red light PR is converted to PFR
on absorbing far - red light is converted to PR rapidly

PFR is physiologically is active form PR is inactive

Dark metabolic conversion

Red light (660 nm)

Far- red light ( 730nm)

RP
FRP
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MODEL TEST -1
GROWTH AND DEVELOPMENT

1. Growth at a ______ level, is principally a
consequence of increase in the amount of
protoplasm.
(1) tissue level (2) organ level
(3) cellular level (4) organism level

2. Growth of pollen tube, leaf are measured
respectively in
(1) number of cells, surface area.
(2) length, surface area.
(3) surface area, increase in size.
(4) only number of cells.

3. Growth is defined as
(1) increase in size only.
(2) increase in shape only.
(3) increase in weight only.
(4) permanent irreversible increase in size

which occurs in cells or organs or
organism.

4. A primary root grows from 5cm to 19 cm
in a week. The absolute and relative
growth rates of the root respectively are.
(1) 2cm/day and 40 %
(2) 4cm/ day and 20 %
(3) 14cm/day and 30 %
(4) 7cm/day and 15 %

5. The cells of which region has consipicuous
nuclei?
(1) meristematic (2) division phase
(3) maturation (4) elongation

6. Maximum  size in terms of cell wall
thickenings are seen in region of
(1) meristems (2) division phase
(3) maturation (4) elongation

7. In the given expression 0tL L rt  , r-refers to

(1) growth rate. (2) e x p o n e n t i a l
index.
(3) unit time. (4) initial growth.

8. Arithmetic growth can be expressed
as__________and gives the ______
curve respectively
(1)  0tL L rt  ; sigmoid

(2) 0 .tL L rt ; linear

(3) 0tL L rt  ; linear

(4) 0
rt

tL L ; parabola

9. Which of the following is not the
characteristic of a cell of meristematic
region?

(1) Rich in protoplasm and possess large
conspicuous nucleus.

(2) Cell walls are primary in nature.

(3) Increased vacuolation.

(4) Abundant plasmodesmatal connections.

10. In organs of plants there is a variation in
rate of growth. It is first slow, then
accelerated upto maximum and slows
down to stand still. The period of vigorous
growth is known as

(1) lag phase. (2) senescent phase.

(3) stationary phase. (4) log phase.

11. An irreversible or permanent increase in
size, mass or volume of a cell, organ or
organism is called as_______.

(1) growth (2) differentiation
(3) dedifferentiation (4) development

12. In geometric method, if one meristematic
cell divides three times then the number
of meristematic cells formed are

(1) 8 (2) 1

(3) 4 (4) 2

13. In arithmetic method, if one cell divides, count
the number of daughter cells after three
divisions are

(1) 8 (2) 1

(3) 4 (4) 2

14. Exponential phase in growth is
characterized by

(1) enlargement of cells.

(2) constant increase in growth rate.

(3) maturation of cells.

(4) constant decrease in growth rate.

15.  The growth in plants differs from growth
in animals
(1) being localized and definite.
(2) being indefinite.
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(3) having indefinite life span.
(4) having definite life span.

16. Senescence is
(1) terminal irreversible phase of ageing.
(2) combined deteriorative processes in

mature plant.
(3) a period between complete maturity and

final death of an organ.
(4) all the above.

17. The maximum growth rate occurs in
(1) exponential phase.
(2) lag phase.
(3) stationary phase.
(4) senescence phase.

18. If we plot the parameter of growth against
time the curve obtained during geometric
growth is known as,
(1) T - shaped curve (2) U - shaped curve
(3) G - shaped curve(4) S - shaped curve.

19. Growth can be measured in various ways.
Which of these can be used as parameters
to measure growth?
(1) increase in cell number.
(2) increase in cell size.
(3) increase in length and weight.
(4) all the above.

20. Emergence of radicle and plumule from
seed is called 
(1) fragmentation. (2) scarification.
(3) germination. (4) dormancy.

21.  The kind of growth in which both the
daughter cells formed after each mitotic
division retain the capacity to divide is
called as
(1) arithmetic growth. (2) geometric
growth.
(3) absolute growth. (4) relative growth.

22. Calculate the number of generations of
divisions that occurred when 32 cells are
formed from a single cell  by geometric
method.
(1) 4           (2) 5 (3) 16   (4)31

23. A phase  where growth slows down due to
limited nutrient supply is
(1) stationary phase (2) lag phase
(3) log phase
(4) both (1) and (3)

24. Cells of the meristematic region can be
identified by
(1) vacuolated protoplasm
(2) small nuclei
(3) thick cell wall
(4) ability to divide actively

25. _______ induces all the changes that an
organism undergoes during its life cycle,
from seed germination to senescence.
(1) Growth (2)
Differentiation (3)
Dedifferentiation (4) Development

26. The process of producing secondary xylem
exclusively from fascicular cambium in
Pterocarpus stem is
(1) redifferentiation. (2) dedifferentiation.
(3) differentiation. (4) degeneration.

27. To form a tracheary element from the
primary meristem the cells would lose
their protoplasm is an example for
(1) redifferentiation  (2) dedifferentiation
(3) differentiation (4) degeneration

28. Which of the following statements is true
related to plant growth?
(1) Plant growth is generally indeterminate.
(2) Plant growth is measurable.
(3) Plant growth does not occur through out

the life.
(4) Both (1) and (2)

29. Larkspur, Ranunculus and Cotton plants
are similar by showing
(1) developmental heterophylly.
(2) plasticity.
(3) environmental heterophylly.
(4) homospory.

30. Which of the following changes occur in
the formation of tracheary element during
differentiation?
(1) Loss of protoplasm.
(2) Chitin deposition in tracheids and
vessels.
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(3) Development of lignocellulosic
secondary cell walls.

(4) Both (1) and (3) .
31. Plasticity in plant growth means that

(1) plant roots are not dependent on light.
(2) plant growth is dependent on the

environment.
(3) stem growth is not dependent on

environment.
(4) plants bend due to exposure to light.

32. Select a Plant which does not exhibit
heterophylly from the following?
(1) Delphinium (2) Ranunculus
(3) Coriandrum (4) Pisum

33. Plast icity exhibited by Delphinium is
called
(1) habitual heterophylly.
(2) developmental heterophylly.
(3) ecological heterophylly.
(4) environmental heterophylly.

34. Increased vacuolation, cell enlargement
and new cell wall deposition are the
characteristics of cells in ______ phase of
growth.

(1) meristematic (2) elongation
(3) maturation (4) differentiation

35. Which of these are included in phases of
growth ?

(1) Phase of cell enlargement
(2) Phase of cell

maturation

(3) Phase of cell formation
(4) All of these

36. Growth in plant can be measured by

(1) arc auxanometer
(2) pfeffer’s auxanometer
(3) direct method (4) all of these

37. Which of the following is not true ?

(1) Growth is restricted to living cells

(2) The increase in size of a dry seed soaked
in water, is the outcome of growth

(3) Growth is accomplished by metabolism

(4) The causative force of cell growth is

turgor pressure

38. Exponential phase in growth is
characterized by

(1) enlargement of cells
(2) maturation of cells

(3) constant increase in growth rate
(4) both (1) & (3)

39. Products of redifferentiation are

(1) Primary xylem, phloem, cortex
(2) Primary meristem

(3) Secondary xylem, cork
(4) Cork cambium, interfascicular cambium

40. When growth is going on at a slow rate,
this phase is known as

(1) lag period (2) log period

(3) period of diminishing growth
(4) exponential phase

41. The period of steady state is never
reached in the organs of

(1) determinate structures
(2) indeterminate structure

(3) leaves (4) all the above

42. Generally growth is defined as
(1) temporary change in fresh weight.
(2) temporary change in dry weight.
(3) permanent change in girth only.
(4)  permanent change in length and girth.

43. What would happen if the meristem
ceases to divide?

(1) Plant grows in girth only.

(2) Plant grows in length only.

(3) Plant grows in length and girth.

(4) Plant growth ceases.

44. Adding of new cells always to the plant
body by the activity of meristems is called
as

(1) direct form of growth.

(2) open form of growth.

(3) closed form of growth

(4) indirect form of growth.
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45. Identify the meristems that cause
increase in girth are

(1) apical meristems and vascular
cambium.

(2) intercalary meristems and cork
cambium.

(3) vascular cambium and a p i c a l
meristems.

(4) cork cambium and vascular cambium.

46. Select the correct  character related to
the cell found in  phase of elongation.

(1) cell wall is thin and cellulosic.

(2) abundant plasmodesmatal connections.

(3) increased vacuolation of cell.

(4) cell wall becomes very much thickened.

47. Growth rate means:

(1) increased growth per unit area.

(2) increased growth per unit time.

(3) increased growth in total length.

(4) increased growth in total girth.

48. Crescograph was developed by___

(1) J.C.Bose (2) Darwin

(3) Miller (4) Skoog

49. Arithmetic growth means

(1) out of two cells formed in each  mitotic
division only one cell continues  to
divide.

(2) out of two cells formed from one cell,
two cells show continuous division.

(3) none of the  cells divide and add new
cells.

(4) out of two cells formed  both lose
dividing ability.

50. Identify the correct sequence of phases
of sigmoid curve

(A)log          (B) lag (C) stationary

(1) ABC (2) BCA

(3) BAC (4) CBA

51. The exponential growth can be expressed
as

(1) W
1
= W

0
 ert (2) W

0
 = W

1
 ert

(3)   L
1
 = L

0
+rt (4) L

0
 = L

1
+rt

52. Cells produced from primary meristems
undergo maturation. This process is called
as

(1) differentiation.

(2) redifferentiation.

(3) dedifferentiation.

(4) degeneration.

53. The process of developing permanent cells
from  meristematic cells which are
produced from permanent cells is called as

(1) differentiation. (2) redifferentiation.

(3) dedifferentiation.(4) degeneration.
54. Production of cork cambium is an example

for
(1) differentiation. (2) redifferentiation.
(3) dedifferentiation.(4) degeneration.

55. Formation of secondary cortex is an
example for
(1) differentiation. (2) redifferentiation.
(3) dedifferentiation.(4) degeneration.

56. Differentiation in plants is
(1) open. (2) close.
(3) apical. (4) lateral.

57. In the life cycle of a typical dicot plant,
arrange the following events in correct
sequence.
a) Redifferentiation.    b)
Differentiation.
c) Dedifferentiation.
d) Divisions in primary meristem.
(1) d - b - c - a (2) b - a - d - c
(3) d - c - b - a (4) a - b - c - d

58. Products of redifferentiation are
1) interfascicular cambium
2) secondary phloem, cork
3) cork cambium 4) tracheary elements

59. Formation of interfascicular cambium and
cork cambium are example of
(1) differentiation.      (2)dedifferentiation.
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(3) redifferentiation. (4) both (2) and (3)
60. The cells  positioned away from the root

apical meristems differentiate as
(1) epidermis. (2) cortex.
(3) vascular bundle. (4) root cap cells.

61. The cells that  are pushed to the periphery
become
(1) epidermis. (2) cortex.
(3) vascular bundle. (4) root cap cells.

62. Ability of plant to follow different
pathways in response to environment is
called as
(1) elasticity (2) flexibility.
(3) plasticity. (4) rigidity.

63. Cell positioned away from root apical
meristems differentiate as _______, while
those pushed to the periphyery mature as
_________.

(1) xylem, root-cap
(2) epidermis, root-cap
(3) eipdermis, xylem
(4) root-capcells, epidermis

64. ________, lies the portion of axis which
is undergoing phase of maturation.
(1) phase of mertistem (2) root-hair
zone
(3) phase of elongation
(4) both (1) and (2)

65. Find out the correct sequence of different
stages of development.

(1) Fruiting -Flowering -Juvenility -
Germination.

(2) Germination-Juvenility-Flowering -
Fruiting.

(3) Flowering - Fruiting - Germination-
Juvenility.

(4) Juvenility - Flowering -Fruiting -
Germination.

66. Which one correctly explains sequence of
developmental process in a plant cell.
(1) Meristematic cell   Plasmatic growth

Differentiation   Mature cell.

(2) Meristematic cell   Expansion

Plasmatic growth   Mature cell.
(3) Mature cell   Plasmatic growth 

Maturation   Meristematic cell.
(4) Meristematic cell   Senescence 

Plasmatic growth   Mature cell.
67. Heterophylly shown by the following

plants is the best example for plasticity.
(1) Larkspur and Buttercup.
(2) Cotton and Hibiscus.
(3) Coriander and Helianthus.
(4) Hibiscus and Datura.

68. Development in plants is dependent on
(1) extrinsic factors only.
(2) intrinsic factors only.
(3) both extrinsic and intrinsic factors.
(4) neither extrinsic  nor intrinsic factors.

69. Intrinsic factors that affect development
in plants are
(1) light, water and oxygen.
(2) oxygen, genetic and plant growth

regulators.
(3) genetic and plant growth regulators.
(4) water, temperature and plant growth

regulators.
70. The leaves of juvenile plant differ in shape

from those of mature plant in
(1) Delphinium (2) Tamarindus.
(3) pineapple. (4) tomato.

71. The difference in shapes of leaves
produced in air and those produced in
water is seen in
(1) cotton (2) coriander.

(3) larkspur. (4) buttercup

72. What represents ‘A’ in the following
diagram
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A

(1) Epicotyl hook (2) Cotyledons

(3) Seed coat (4) Hypocotyl
73.

A
B

C D
E

Time

2

10

20
22

N
o.

of
 I

nd
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id
ua

ls

Graph above shows the growth of yeast.
This is the type of growth curve noted
for most organisms. The log phase of
growth is represented by

(1) Point A to B (2) Point B to C

(3) Point C to D (4) Point A to C

74. 1
1

1
1

2
2

2
3

34
Type of growth rate indicated by above
diagram is

(1) geometric growth   (2) arithmetic
growth

(3) intercalary growth  (4) localised
growth

75. A Ranunculus plant is producing ‘A’
type of leaves on terrestrial habitat and
‘B’ type of leaves in water habitat. This
type of ability is called
(1) plasticity (2) development.
(3) differentiation. (4)
dedifferentiation.

76. Select the incorrect statement among the
following :
(1) Increase in growth per unit time is

growth rate
(2) A sigmoid growth curve is a

characteristic of most living organisms
in their natural environment

(3) Rate of growth is constant during
geometrical growth

(4) Exponential phase is also called as log
phase

77. The given figure shows development of
an embryo that undergoes two phases A
and B. Select the correct option regarding
it.

A

Zygote divided

B Cells capable of division
Cells that lose capacity to divide

 A B
(1) Geometric phase Arithmetic phase
(2) Arithmetic phaseGeometric phase
(3) Arithmetic phaseExponential phase
(4) Exponential phase Stationary phase

78.
Size

Time

C

A

B

Given graph is drawn on the parameters
of growth versus time. Here, A, B and C
respectively represent
(1) exponential phase, log phase and steady

state phase
(2) steady state phase, lag phase and log

phase
(3) log phase, steady state phase and

logarithmic phase
(4) log phase, lag phase and steady state
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phase
79. Identify the incorrect statement

regarding arithmetic growth
(1) Following mitotic cell division, only
one daughter cell continues to divide while
the other differentiates and mature
(2) It is exemplified as a root elongating at
a constant rate
(3) S- curve is obtained on plotting the
length of the organ against time
(4) Mathematically it is expressed as Lt =
Lo+rt

80.  In plants growth is
1) Restricted to certain regions or
structure
2) Irreversible
3) Change in size
4) All the above

81.  Which of the following instrument can
be used to record plant growth by
seconds ?
1) Arc auxanometer
2) Arc indicator
3) Space marker disc
4) Crescograph

82. Growth hormone acts
1) Always as growth promoters
2) Always are growth inhibitors
3) Some as promotors and some as
inhibitors
4) Rarely as growth inducers

83.    Maximum of growth occurs in
1) Exponential phase
2) Decline phase
3) Stationary phase 4) Lag phase

84.    Parenchymatous cell that are made to
divide under controlled laboratory
conditions during plant tissue culture are
1) differentiated cells
2)dedifferentiated cells

        3) undifferentiated cells
4) redifferentiated cells

85.    Regarding factors affecting the
development, PGR is the :-
1) Extrinsic factor
2) Intrinsic intracellular control

3) Intrinsic extracellular control
4) Intrinsic intercellular control

MODEL TEST - 2
PHYTO HORMONES

86. Hormone replacing the requirement of
vernalisation is
(1) ethylene  (2) auxin
(3) gibberellins (4) cytokinin

87. Apical dominance is caused due to action
of (1) auxins (2) gibberellins
(3) cytokinins (4) abscissic acid

88. The natural plant hormone isolated from
corn kernels and coconut milk is
(1) florigen (2) GA3
(3) auxins (4) zeatin

89. Which one of the following generally acts
as an antagonist to gibberellins?
(1) ABA (2) IAA
(3) Zeatin (4) Ethylene

90. The phytohormone that helps in
germination of seed, is
(1) ABA (2) auxin
(3) gibberellin (4) cytokinin

91. The ripening of fruits can be fastened by
treatement with
(1) gibberellins (2) cytokinins
(3) ethylene gas (4) auxin

92. All these are properties of auxin except
(1) elongation            (2) a p i c a l
dominance (3) parthenocarpy
(4) Fruit ripening

93. The  biological activity of IAA is tested by

(1) amylase test   (2) avena curvature test
(3) soyabean callus test
(4) Xanthium leaf disc test

94. Which one of the following hormone plays
an important role in seed development,
maturation and dormancy?

(1) ABA (2) IAA
(3) GA (4) CK

95. Which of the following physiological
effects is caused in plants by gibberellic
acid?

(1) Shortening of genetically tall plants
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(2) Elongation of genetically dwarf plants

(3) Rooting in stem cuttings
(4) Yellowing of young leaves

96. Natural cytokinins are synthesized in
tissue that are
(1) senescence
(2) dividing rapidly
(3) storing food material

(4) differentiating cells
97. Hormone, inducing fruit ripening is

(1) Ethylene (2) Cytokinin
(3) Gibberellic acid (4) Abscissic acid

98. One of the synthetic auxin is
(1) NAA (2) IAA
(3) GA (4) IBA

99. A hormone delaying senescence is
(1) auxin (2) cytokinin
(3) ethylene (4) gibberellin

100.How does pruning help in making the
hedge dense?
(1) It induces the differentiation of new

shoots from the rootstock.
(2) It frees axillary buds from apical

dominance.
(3) The apical shoot grows faster after
pruning.
(4) It releases wound hormones.

101.PGRs were first discovered in one of the
following plant.
(1) rice (2) cotton
(3) oat (4) tobacco

102.The discovery of PGR started with the
observation of the following scientists:

(1) Charles Darwin and  Francis Darwin.

(2) Charles Darwin and Nicolus Darwin.

(3) F.W.Went and Miller.

(4) F.Skoog and Miller.

103.F.W.Went isolated auxins from the
coleoptiles of

(1) oat seedlings. (2) rice seedlings.

(3) fungal pathogen. (4) canary grass.

104.Decapitation usually results in the growth
of

(1) lateral buds. (2) apical buds.

(3) root length. (4) lateral roots.

105.All gibberellins are

(1) basic (2) acidic

(3) neutral              (4) either acidic or basic

106.Fungal pathogen responsible for ‘bakane’

disease of rice seedlings is

(1) Gibberella kurosawa.

(2) Gibberella fujikuroi.

(3) Gibberella moniliformae.

(4) Oryza sativa.

107. In which plant F.Skoog et. al observed
‘callus’ during their experiments.

(1) Tobacco (2) Coconut

(3) Orange (4) Banana

108.Cytokinins have specific effect on

(1) parthenocarpy (2) cytokinesis.

(3) flowering (4) dormancy.

109. Identify the substance which is an adenine
derivative compound.

(1) auxin (2)  gibberellins
(3) cytokinin (4) ABA

110. Coconut milk is added to nutrient medium
as a source of
(1) auxin. (2) gibberellin.
(3) abscisic acid. (4) cytokinin.

111. Find out the gaseous hormone from the
following.
(1) auxins (2) gibberellins
(3) cytokinins (4) ethylene

112. Bud and seed dormancy can be eliminated
by
(1) abscisic acid (2) ethylene
(3) cytokinin (4) auxins

113. Find out the plant growth regulator which
is used to initiate flowering and for
synchronised fruit set in  pineapples.
(1) Auxins (2) Gibberellins
(3) Ethylene (4)  Cytokinin
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114. The most widely used compound as source
of ethylene is
(1) 2,4 -D  (2) ethephon
(3) zeatin  (4) NAA

115. Abscission of leaves and flowers is
promoted by

(1) ethylene (2) abscisic acid

(3) auxin (4) cytokinin
116. Find out the growth inhibitor and an

inhibitor of plant metabolism is
(1) auxin (2) gibberellin
(3) abscisic acid (4) cytokinin

117. A plant growth regulator which stimulates
the closure of stomata is
(1) cytokinin (2) gibberellin
(3) ethylene (4) abscisic acid

118. Select the compound which is derivative
of carotenoid.

(1) auxin (2) ethylene

(3) cytokinin (4) abscisic acid
119. Auxins were isolated by

(1) F. Skoog (2) E. Kurosawa
(3) Miller (4) F.W.Went

120.How many growth inhibitors were
reported by three independent
researches during 1960 s
(1) Two (2) Three
(3) Four (4) Five

121. 6N  - furfuryl amino purine is a derivative
of the following  one
(1) IAA (2) GA

3

(3) C
2
H

4
(4) Adenine

122.Kinetin is chemically
(1) terpene (2) carotenoid

(3 6N ) -furfuryl aminopurine

(4) indole- 3- acetic acid
123.Cytokinins are generally

(1) acids (2) terpenoids
(3) aminopurines (4) indoles

124.Among the following, one is not the
function of growth inhibitor
(1) Flowering and seed dormancy
(2) Seed formation and abscission

(3) Dormancy of seeds and abscission
(4) Cell division and flowering

125.F.Skoog and coworkers added the
following substance in addition to auxins
in their experiments.
(1) Leaf extract (2) Root extract
(3) Yeast extract or coconut milk
(4) Malt extract

126.Choose the correct statement from the
following.
(1) F.Skoog and co-workers observed

internodal segments gives callus in
tomato stems.

(2) E.Kurosawa reported the symptoms of
bakane disease in rice seedling.

(3) Charles Darwin and his son conducted
experiments in tobacco.

(4) Miller alone crystallised the cytokinins.
127.Choose the correct statement from the

following.
(1) Kinetin is an adenine derivative.
(2) ABA is a derivative of terpenes.

(3) 3GA  is a gaseous phytohormone.

(4) IAA is a derivative of 6N - furfurylamino
purine.

128.Study of phototropic response lead to
discovery of
(1) ABA (2) IAA
(3) GA (4) Ethephon

129.The PGR that could fit in both promotory
and inhibitory groups but it is largely an
inhibitor of growth activites is
(1) auxins.  (2) abscisic acid.
(3) ethylene.  (4) 1, 2 & 3.

130.Which of the following plant hormone is
extracted from fungus?
(1) Auxin (2) Gibberellin
(3) Cytokinin (4) Ethylene

131.Which one of the following of the plant
growth substances is not a growth
promoter.
(1) IAA (2) Gibberellins
(3) Kinetin (4) Abscisic acid

132. Chemical formula of ethylene is
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(1) C2H6 (2) C4H8

(3) C2H4 (4) C3H5

133.Chemically identical growth inhibitors are
(1) ethylene and inhibitor B
(2) inhibitor B and dormin
(3) dormin and kinetin
(4) dormin and ethylene

134. The meaning of ‘auxin’ in Greek language is

(1) to undevelop. (2) to grow.
(3) to improve. (4) to stimulate.

135.The term ‘auxin’ is not applied to the
following compound
(1) 2,4 -D (2) NAA
(3) IBA (4) ABA

136.PGR that mainly helps in the formation
of roots in stem cuttings is
(1) ethylene (2) gibberellin
(3) auxin (4) cytokinin

137.Select the PGR, which promote rapid
internode or petiole elongation in deep
water rice plants.

(1) ABA (2) ethylene

(3) auxin (4)  GA
138.A lawn is found to be having dicot weeds.

The PGR that the gardener must use to
obtain weed free lawn is

(1) 2,4-D (2) 3GA

(3) NAA (4) ABA
139. If a growing plant is decapitated

(1) growth stops.
(2) axillary buds are activated.
(3) axillary buds are inactivated.
(4) leaves become yellow and have a

tendency to fall off.
140.Seedless tomatoes are produced by

(1) supplying radioactive compounds.
(2) spraying auxins on flower.
(3) propagating tomato plants from cuttings.
(4) growing tomato plants in mineral
solution.

141.A decapitated plant exposed to unilateral
light
(1) bends away from source of illumination.
(2) bends towards the source of light.

(3) shows zigzag curvature.
(4) does not show bending movement.

142.Flowering in Pineapple is promoted by
(1) GA (2) IAA
(3) ethylene (4) both 2 and 3

143.Which one of the following  is a herbicide?
(1) IAA (2) NAA
(3) 2, 4-D (4) GA

3

144.Which of the following is not an influence
of auxins?
(1) Tropic movements (2) Bolting.
(3) Apical dominence (4) Root
initiation

145.The curvature in Avena coleoptile is
associated with which growth substance
(1) IAA (2) gibberellins
(3) kinetin (4) abscisic acid

146.The process of senescence in plants can
be reversed by applying
(1) ethylene (2) auxins
(3) ABA (4) cytokinins

147.Parthenocarpic fruits are prepared by
spraying
(1) ethylene (2) auxins
(3) abscisic acid (4) both (2) and (3)

148.Promotion of apical dominance and
removal of apical dominance controlled by
which hormones respectively?
(1) ABA and Auxin
(2) Auxin and Ethylene
(3) ABA and Cytokinin
(4) Auxin and Cytokinin

149. Indole Acetic Acid and Indole Butyric
Acid are
(1) synthetic auxins. (2) growth inhibitors.
(3) natural auxins. (4) herbicides.

150.Gibberellins are widely reported from
(1) algae and fungi.
(2) fungi and higher plants.
(3) bacteria and yeast.
(4) fungi and bacteria.

151.Number of gibberellins reported from
organisms till now
(1) less than one hundred.
(2) seventy only.
(3) more than hundred.
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(4) more than one thousand.
152.The following PGR helps in early seed

production in ‘conifers’ is
(1) auxins (2) gibberellins
(3) ABA (4) C

2
H

4

153.Rapid  Internodal elongation just prior to
flowering in plants is called as
(1) spooling. (2) elution.
(3) bolting. (4) botulism.

154.The main function of gibberellins in
sugarcane crop is
(1) increase in  number of branches.
(2) increase in length of the stem.
(3) increase in number of  leaves.
(4) increase in number of roots.

155.Gibberellins help to elongate and improve
the shape of the following fruits.
(1) banana (2) orange
(3) apple (4) tomato

156. PGR that helps in delaying ‘senescence’ is.

(1) auxins (2) gibberellins
(3) ethylene (4) ABA

157.Genetically dwarf plant can be converted
into plant of normal height with the
application of
(1) auxin. (2) gibberellin.
(3) cytokinin. (4) ethylene.

158.Which of the following is not related to
the function of Gibberellins?
(1) Increase in  length of grapes stalks.
(2) Increase in  length of the axis.
(3) Increase in length of petiole in deep

water rice plants.
(4) Increase in length of stem in sugarcane.

159.Growth hormone used for speeding up
malting in brewing industry is
(1) kinetin. (2) gibberellic acid.
(3) auxin. (4) ethylene.

160.One hormone is used to speed up the
malting process in barley, another is
used to promote flowering in pineapple,
while the third help in delaying leaf
senescence.They are respectively
(1) auxin, gibberellin and cytokinin.
(2) gibberellin, cytokinin and auxin.

(3) gibberellin, auxin and cytokinin.
(4) cytokinin, auxin and gibberellin.

161. Select a correct match
(1) GA

3
 - early seed production in conifers.

(2) Cytokinin - synchronise fruit set in
pineapples.

(3) Auxin - overcomes senescence.
(4) Ethylene - seed maturation and

development.
162. Gibberellin yielding Gibberella is

(1) an alga .(2) a fungus
(3) a lichen. (4) a bacterium.

163. Major function of CK is to
(1) mobilise nutrients and delay the leaf

senescence.
(2) mobilise proteins.
(3) promote senescence

. (4) produce IAA.

164. Which one of the following is an
antitranspirant and a stress hormone

(1) IAA (2) ABA

(3) NAA (4) GA

165. In the following A , B plants what changes
can be observed.

(A) (B)

(1) In A plant apical bud is removed and
lateral branches are not growing.

(2) In B plant apical bud is present and
lateral branches are growing.

(3) In A plant apical bud is present and
lateral branches are growing

(4) In B Plant Apical bud is removed and
lateral branches are growing.

166. A hormone with negative effect on apical
dominance is
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(1) auxin (2) ethylene.
(3) cytokinin. (4) gibberellin.

167. Hormone antagonistic to abscisic acid is
(1) gibberellin. (2) auxin

. (3) ethylene. (4) cytokinin.
168. Cytokinin synthesis is maximum in

(1) roots. (2) leaves.
(3) shoot tip. (4) fruit.

169. One of the important roles of cytokinin is
(1) help to produce new leaves.
(2) to check abscission.
(3) to mobilise fats from one part to the
other.
(4) to overcome dormancy.

170. Which one of the following hormones is
chiefly      concerned with cell division
(1) Auxin (2) Cytokinins
(3) G.A (4) 2,4-D

171. Leaf ageing is retarded by

(1) cytokinin (2) ethylene

(3) auxin (4) abscisic acid
172. The term ‘synergistic action’ of hormones

refers to
(1) when two hormones act together but

bring about opposite effects.
(2) almost never work together.
(3) when one hormone affects more than one

function.
(4) when many hormones bring about same

function.
173. Select the phytohormone which induces

the flowering in mango.

(1) ABA (2) Ethylene

(3) Cytokinin (4) Auxin

174. Which one produces more ethylene?

(1) Unripe apple  (2) Unripe banana

(3) Ripening banana  (4) Mature banana
leaf

175. Phytohormones promoting sprouting of
potato tuber,chloroplast formation in
leaves and xylem differentiation
respectively are

(1) ABA, gibberellins, ethylene.

(2) gibberellins, cytokinins and auxins.

(3) ethylene, cytokinin and auxins.

(4) auxins, ethylene and cytokinins.

176. Which of the following phytohormones
have similar effect on leaf senescence?

(1)  ABA and ethylene

(2) ABA and zeatin

(3) ABA and GA

(4) Ethylene and 2-4D

177. One hormone helps in ripening of fruits,
while the other stimulates closure of
stomata. These are respectively

(1) abscisic acid and auxin.

(2) abscisic acid and ethylene.

(3) ethylene and ABA.

(4) gibberellic acid and abscisic acid.

178. Which of the following plant hormone is
released when a rotten fruit gets mixed
with unripe fruits?

(1) Auxin (2) Cytokinin

(3) Ethylene (4) GA
179. A farmer is interested to cultivate

cucumber plants in his field. Then suggest
him the correct plant growth regulator
which can induce more number of female
flowers in those plants?
(1) Ethylene (2) Abscisic acid
(3) Gibberellins (4) Cytokinins

180. Choose the wrongly matched pair from the
following?
(1) Auxein - “to grow”
(2) Gibberellins - Gibberella fujikuroi
(3) Cytokinins - Herring sperm DNA
(4)  Abscisic acid  - Flowering hormone

181. Which of the following growth regulator
is not  used to break dormancy?
(1) Ethylene (2) Gibberellins
(3) Cytokinins (4) Abscisic acid

182. Avena coleoptiles test to find out the
quantity of growth promoting hormones
was discovered by
1) F.W.Went 2) L.J.Oudus
3) K.V. Thimann 4) F.Skoog

183. The biological activity of IAA is tested by
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1)   - amylase test       2) Avena
curvature
3) Soyabean callus test
4) Xanthium leaf disc test

184. Indole, 3 acetic acid, called as auxin was
first isolated from
1) Human urine
2) Corn germ oil
3) Fusarium
4) Rhizopus

185. Which of the following effects of auxins
is of wide application?
1) Induction of fruit development
2) Induction of root initiation
3) Prevention of abscission of young
leaves
4) All of the above

186. Stem elongation is affected by
1) Gibberellin and florigen
2) Auxin and gibberellin
3) Florigen and kinin
4) Kinin and auxin

187. Auxin inhibits the growth of
1) Apical bud 2) Lateral axillary
buds
3) Roots on stem cutting
4) Parthenocarpic development of fruits

188. Leaf fall occurs when the content of

1) Auxin increases

2) Auxin decreases

3) Abscisic acid decreases

4) Gibberellic acid decreases

189 .Substance which originate at the tip of

stem to control growth

1) Vitamins 2) Enzymes

3) Food materials 4) Auxins

190 .Auxin is mainly produced by

1) Apical root meristem

2) Root cambium

3) Apical shoot meristem

4) Phloem in shoot tip

191 .The natural plant hormones were first

isolated from

1) Cotton fruits, spinach leaves and rice

plant

2) Avena coleoptiles, spinach leaves and

fungus Gibberella

3) Human urine and corn germ oil

4) Human urine and rice plant

192 .Which one of the following hormone is

concerned chiefly with root initiation?

1) IBA 2) GA
3

3) ABA 4) Kinetin

193 .Gibberellins do not cause -

1) Shortening of genetically tall plants

2) Stimulation of seed germination

3) Promotion of parthenocarpy

4) Induction of  - amylase synthesis in

barley

194.The growth regulator that retards

ageing of plant organ is -

        1) Auxin

2) Gibberellin

3) Cytokinin

4) Abscisic acid

195. First natural cytokinin was discovered

by

1) Miller 2) Letham

3) Calvin 4) Govindii

196.Which one of the following pairs, is not

correctly matched ?

1) IAA - Cell wall elongation

2) Abscisic acid – Stomatal closure

3) Gibberellic acid – Leaf fall

4) Cytokinin – Cell division

197.Foolish seeding” disease of rice led to

the discovery of :-

1) IAA 2) GA

3) ABA 4) 2, 4-D

198. 2, 4-D does not affect :-
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1) Mature monocotyledons

2) Mature dicotyledons

3) Both 4) None

199. Which of the following is not correctly

matched?

1) Delay leaf senescence Cytokinin

2) Induce rooting in a twig Auxin

3) Induce growth in axillary bud Auxin

4) Delay in ripening of fruits   Ethylene

MODEL TEST - 3
PHOTOPERIODISM, SEED DORMANCY,
VERNALISATION AND TROPIC MOVEMENT

202.  The response of different organisms to
environment rhythms of light and
darkness, is called.
(1) phototropism (2) phototaxis
(3) photoperiodism (4) vernalisation

203. Which of the following factors influence
the process of flowering?
(1) Acidity of soil       (2) Water in the
soil
(3) Amount of green pigment

(4) Photoperiod
204. Pigment phytochrome is involved in

(1) phototropism       (2)
photorespiration (3) photoperiodism
(4) geotropism

205. If the stem grows towards sunlight and
root grows just opposite to it, the stem
movement is called
(1) negative phototropic movement
(2) phototropic movement
(3 positive phototropic movement
(4) positive geotropic movement

206. The inability of seed to germinate in the
absence of favourable external conditions
is called as
(1) quiescence (2) viability.
(3) bolting. (4) dormancy.

207. Dormancy of seed is
(1) phase of active growth.
(2) phase of inactive growth.

(3) phase of stimulated growth.
(4) dead condition.

208. The condition of viable seed, when seeds
do not germinate even in presence of
favourable e n v i r o n m e n t a l
condition is called
(1) dormancy. (2) bolting.
(3) viability. (4) quiescence.

209. Rupturing of hard seed coat for breaking
dormancy is called
(1) wilting. (2) vernalisation.
(3) stratification. (4) scarification.

210. Stratification involves the use of
(1) moist sand and peat.
(2) hormones and acids.
(3) moist clay and peat.
(4) moist clay and moist sponge.

211. Which is not affected by light?
(1) Photosynthesis (2) Flowering
(3) Fertilization (4) Transpiration

212. In short day plants flowering is induced
by
(1) photoperiod less than critical day length

period only.
(2) photoperiod below a critical day length

and uninterrupted long night.
(3) photoperiod more than a critical day

length and uninterrupted long night.
(4) short photoperiod and interrupted long

night.
213. Which of the following physiological

processes in plants are influenced by
light?
(1) Photosynthesis
(2) Photoperiodism
(3) Phototropism (4) all the above

214. Apical hook formation in dicot seedlings
initiated by
(1) auxin. (2) gibberellin.
(3) cytokinin. (4) ethylene.

215. Biennials are
(1) monocarpic. (2) polycarpic.
(3) trisporic. (4) bisporic.

216. If the flowering of plants dependent on
exposure to low temperature. The
phenomenon is called as
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(1) photoperiodism. (2) dormancy.
(3) vernalisation. (4) devernalisation.

217.Vernalisation can be seen in
(1) annuals. (2) biennials.
(3) perennials. (4) all the above

218.By which method testa is made permeable
to water
(1) Vernalisation. (2) Scarification.
(3) Stratification. (4) Imbibition.

219.Pruning (Decapitation) of tea plants is
done to discard the effects of
(1) GA

3
(2) auxin

(3) cytokinin (4) ABA
220.Spring and winter varieties are found in

(1) wheat (2) barley
(3) Rye (4) all the above

221.Which of these is an example of
gravitropism?
(1) vines growing around an object they
touch
(2) roots growing into the ground
(3) plants growing towards light
(4) responses of plants to seasonal changes
in length of nights

222. Induction of seed dormancy and removal
of seed dormancy is promoted by
(1) ABA and cytokinin    (2)Cytokinin and
ABA
(3) ABA and ethylene
(4) Auxins and gibberellins

223.Vernalization can often be replaced by
(1) auxin (2) cytokinins
(3) gibberellins (4) ethylene

224._________ are the vegetative parts of
the plant that show photoperiodic
perception.
(1) Roots (2) Stems
(3) Leaves (4) Flowers

225.Movement of sunflower peduncle from
east to west towards the direction of sun
is
(1) photonasty (2) phototropism
(3) nyctinasty (4) seismonasty

226.The seeds of tomato cannot germinate in
the presence of light and hence are known
as
(1) negatively photoblastic (2)non

photoblastic
(3) photoblastic
(4)light sensitive seeds

227. Which light is necessary for the germina-
tion of photoblastic seeds?
(1) Red (2) Green
(3) Far red (4) Blue

228. Which of the following movements in
plants is due to the increased
concentration of auxin?
(1)  Movement of shoot towards the source

of light.
(2) Nyctinasty.
(3) Movement of sunflower towards sun.
(4) All of the above.

229. Dormancy due to hard seed coats that
prevent uptake of O

2
 (or) water is

observed in   A  and can be broken by B  .

(1) A-Fabaceae ;  B-stratification

(2) A- Liliaceae ; B- scarification

(3) A-Fabaceae ;  B-scarification

(4) A- Solanaceae ; B-stratification

230. Select a plant in which presence of certain
chemical compounds inhibit germination.

(1) Potato (2) Cabbage

(3) Tomato (4) Carrot

231. Many seeds will not germinate until they
are exposed to low temperatures in moist
conditions in the presence of O

2
 for weeks

to months. It can be observed in

(1) Polygonum (2) Solanum

(3) Lycopersicon (4) Dolichos

232. S-I : The quiescent seed germinates on
the onset of  favourable external
conditions.

S-II  : Dormancy of seed is due to its
internal conditions of the seed.

        (1) S-I and S-II are correct

(2) S-I is  correct and S-II is incorrect.

(3) S-I is  incorrect and S-II is correct.

(4) S-I and S-II are incorrect
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233.The process of layering of seeds in layers
of moist sand and peat during winter is
called

(1) germination (2) scarification

(3) maturation           (4) stratification

234.Several seeds respond best when

(1) the daily temperature is high

(2) the daily temperature is low

(3) the daily temperature alternates between
high and low.

(4) the daily pressure alternates between
high and low.

 235. Dormancy of a seed is due to

(1) temperature (2) moisture

(3) atmosphere (4) hard seed coat

236.Photoperiodism is due to

(1) growth curvature in response to light.

(2)  response to relative length of day and
night.

(3) light period. (4) dark period.
237.The plants in which there is no correlation

between exposure to light duration and
induction of flowering responses are called
(1) day neutral plants. (2) short day
plants. (3) long day plants.
(4) long night plants.

238.The site of perception of photoperiod is
(1)  leaves. (2) flowers.
(3) shoot apices. (4) root apices.

239. Plants which daily require shorter period
of darkness for flowering are called

        (1) short day plants. (2) long day plants.
(3) day neutral plants. (4)
ephemeral plants.

240. Select a plant which is not a biennial from
the following.

        (1) carrot (2) rice
(3) cabbage (4) sugarbeet

241.  Seeds of winter varieties are benefitted
by which method?

       (1) Photoperiodism (2) Vernalisation
       (3) Abscission (4) Senescence

242. Winter varieties are normally planted in
(1) spring (2) autumn
(3) winter (4) summer

243. Monocarpic plants are those which
(1) bear flowers with one ovary.
(2) flower once and die.
(3) bear only one flower.
(4) flowers yearly once.

244. Plants can be vernalized by

(1) heat treatment (2) h o r m o n a l

treatment

(3) cold treatment (4) c o l c h i c i n e

treatment.

245. If a brief flash of light is provided during

dark period to the plant that requires a

short day then the plant is likely

(1) to flower (2) not to flower

(3) to have no effect (4) produces more

flowers

246. Phenomenon of photoperiodism was first

discovered by ______ in the “maryland

mammoth” variety of ______

(1) Garner and Allard, tobacco

(2) Went, tobacco

(3) Garner and Allard, cocklebur

(4) Knott, cocklebur

247. Which of the following hormones does not

naturally occur in plants?

(1) 2,4-D (2) IAA

(3) GA (4) ABA

248. Photoperiodic induction can be produced

(1) when certain minimum vegetative growth

has taken place

(2) when vegetative growth completely

stops

(3) when plant reaches certain specific

height

(4) irrespective of any of the above

conditions.

249.  What is meant by stratification ?



201

(1) A process by which dormancy of seeds

of Fabaceae can be broken

(2) Subjecting biennial to cold treatment

so that it flowers like an annual

(3) The process of layering seeds in moist

sand during winter to break dormancy

(4) Making the seeds to overcome

quiescence

250.The given figure shows flowering

responses of three plants A, B and C to

the photoperiod. Select the correct option

regarding this.

Critical
Critical photo

period

Flowering

Below

AboveAbove

No Flowering
Flowering

Short day plant
Lont day plant

Day neutral plant

Flowering
after

vegetative
maturity

No Flowering

photo
period

Below

(1) A-Long day plant, B-Day neutral plant,

C-Short day plant

(2) A-Short day plant, B-Day neutral plant,

C-Long day plant

(3) A-Long day plant, B-Short day plant,

C-Day neutral plant

(4) A-Short day plant, B-Long day plant,

C-Day neutral plant

251.Statement A : The method of inducing
early flowering in plants by pretreatment
at low temperature is called vernalisation

Statement B : When sugar beet is
subjected to cold treatment it
immediately flowers without completing
vegetative phase.

(1) Both A and B are flase

(2) A is false, B is true

(3) Both A and B are true

(4) A is true, but B is false

252. Gibberellin stimulates flowering in

1) The plants growing in Japanese farms

2) The short day plants

3) The long day plants
4) Day neutral plants

253. Dormancy of seed is broken by

1) Auxin 2) Gibberellins
3) Ethylene 4) Cytokinin

254. Long day plant’s produces flowers when
they exposed to

1) Any duration of light

2) Light period longer than a critical day
length

3) Light period longer than 12 hrs.

4) None of these

255 .Which of the following is a hypothetical
hormone?
1) Gibberellin 2) Auxin
3) Cytokinin 4) Florigen

256.  Which plant is LDP ?
1) Tobacco 2) Glycine max.
3)  Mirabilis 4) Spinach

257. Wheat, potato & henbane are
1) SDP 2) DNP
3) LNP 4) LDP

258. In short day plants (SDP) flowering is
induced by
1) Long night
2) Photoperiod less than 12 hours
3) Photoperiod shorter than critical value
and uniterrupted long night.
4) Short photoperiod and interrupted long
night.

259. One set of a plant was grown at 12 hrs.
day and 12 hours night period cycles and
it flowered. While in the other set night
phase was interrupted by flash of light
and it did not flower. Under which one of
the following categories will you place
this plant
1) Short day 2) Long day
3) Darkness neutral 4) Day neutral
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QUESTION BANK - I
1. Arrange the following phases of plant life

cycle in correct sequence of their
occurrence.
I. Juvenile phase II. Vegetative phase
III. Reproductive phase
IV. Senescence phase
(1) I, II, III, IV (2) III, II, IV,I
(3) II,III,IV,I (4) IV, III, II, I

2. The period of growth is generally divided
into
I. meristematic phase II. elongation
phase
III. death phase  IV. maturation phase
(1) I, II, III, IV (2) I, III, IV only
(3) II, III, IV only (4) I, II, IV only

3. The organs of the plant body showing
limited dimensions are
I)  fruits II)  flowers
III)  leaves IV)  stems and roots
(1)  I, II, III and IV (2)  I, II and III only
(3)  III and IV only (4)  III only

4. Choose the correct statements from the
following by considering two leaves A and
B whose initial sizes are 5 2cm  and 50

2cm  respectively and after a period of
time their sizes are 10 2cm  and 55 2cm
respectively
(A)Their absolute growth rates are equal.
(B) The absolute growth rate of  A  is more.
(C) The relative growth rate of  A  is more.
(D)The relative growth rate of  B  is more.
(1)  A and C (2) B and C
(3) A and D (4) D and C

5. Read the following statements regarding
arithmetic growth and select the correct
answer
(i) Rate of growth is constant
(ii) One daughter cell remains meristematic

while the other one differentiates and
matures

(iii) M a t h e m a t i c a l

expression is Lt = L0 + rt
(1) Statements (i) and (ii) are correct
(2) Statements (ii) and (iii) are correct
(3) Statements (i) and (iii) are correct
(4) All statements are correct

 6. Select the incorrect statements among the
following.
(A) Many domestic plants do not germinate

due to Quiescence.
(B) Seeds of Polygonum do not germinate

because they contain chemical
compounds which inhibit their
germination.

(C) Type of dormancy caused by hard seed
coats can be broken by stratification.

(D)The seed of Ranunculus does not
germinate as the embryo has not reached
morphological maturity.

(1) A and D (2) B and C
(3) C and D (4) B and D

7. Read the given statements and select the
correct option :
(i) One maize root cell can give rise to more

than 17,500 cells.
(ii) A cell in water melon can increase in

size upto 350000 times
(iii) The growth of pollen

tube is measured in terms of length
(iv) The growth of the leaf

is measured in term of surface area
(1) Statements (i) and (ii) are correct
(2) Statements (iii) and (iv) are correct
(3) Statements (i) and (iii) are correct
(4) Statements (i), (ii), (iii) and (iv) are
correct

8. Identify two of the following phytohormones,
which regulate the stomatal movements?
I. IAA II. GA3
III. Zeatin IV. ABA
(1) I and III (2) II and III
(3) III and IV (4) II and I

9. Cell elongation in internodal regions of the
green plants takes place due to
1) Indole acetic acid 2) Cytokinins
3) Gibberellins 4) Ethylene

10. Study the following lists with reference to
mathematical expression W1=W0e

rt

List – 1 List – II
A) W1            I)  Initial size
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B) W0           II) Growth rate
C) r             III) Base of  natural
logarithms
D) e            IV) Final size

             V) Time of growth
The correct match is :

A B C D
(1) IV III II I
(2) IV I II III
(3) III IV II I
(4) II III IV I

11. Which of the following statements are
correct?
I. Growth in plants can be indeterminate

or determinate
II. The final structure at maturity of a cell/

tissue is determined by the location in
the plant body

III. The act leading to maturation of
meristems is termed as
dedifferentiation.

IV. A differentiated cell may undergo
dedifferentiation and then
redifferentiation

(1) I, II, III only (2) I, II, III, IV
(3) III, IV only (4) I, II and IV only

12. In the period of plant growth, in elongation

phase cells are characterised by

I. Increased vacuolation

II. Increased cell enlargment

III. Increase in thickness of protoplasm

IV. New cell wall deposition

(1) I  and II only are correct

(2) I, II and III only are correct

(3) II and III  only are correct

(4)  I, II and IV only are correct
13. Identify the correct statements among the

following.
I. Kurosawa found symptoms of

“Bakanae” disease on rice seedlings
when they were treated with sterile
filtrates of  Gibberella fujikuroi.

II. The discovery of each of the five major
groups of PGR has been accidental.

III. Cousins confirmed the release of a
volatile substance from ripened
oranges that hastened the ripening of
stored unripened bananas.

IV. F.W Went isolated auxins form
coleoptile tips of Avena grass

(1) II only (2) I, II, III only
(3) I, II, III, IV (4)  III, IV only

14. Hypothetical ‘florigen’ could be produced
prematurely in long day plant by exposing
it to
1) Shortening light period
2)Red light during night
3) Extending dark period
4)Far red light

15. Read the following statements :
I. 1AA and 1BA are natural auxins.
II. 2, 4 –D is a synthetic auxin used as

herbicide.
III. Ethylene promotes root hair formation.
IV. 2,4-D is used for development of grass

free dicot weed lawns.

Correct answer is :

(1) I, II, III (2) I, III, IV

(3) II, III, IV (4) I, II, IV

16. Match the list of items given below.

List-I List-II

A) 2,4-D         i. Herring sperm DNA

B) ABA          ii. Bolting

C) Ethylene       iii. Stomatal closure

D) GA            iv. Weed-free lawns

E) Cytokinins     v. Ripening of fruits

The correct match is

(1)A – iv, B – iii, C – v, D – ii, E – i

(2) A – v, B – iii, C – iv, D – ii, E – i

(3) A – iv, B – i, C – iv, D – iii, E – ii

(4) A – v, B – iii, C – ii, D – i, E – iv
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17. Which of the following pair is mismatched
?

1)Triticum aestivum      - LDP

2) Zea mays     - DNP

3) Glycine max     - SDP

4) Raphanus sativus   - SLDP

18. Study the following lists (LIst - I and
List - II):

 

(A )
Ea rly se ed 
product ion in 
coni fers  

(I)
Indole 
substa nce

(B)
Seed de velopm ent 
and m atura tion

(II)
Terpe ne 
substa nce

(C ) Lateral  shoot  growth  (III)
Volati le 
substa nce

(D ) Root  hair forma tion (IV)
Ade nine 
deriva tive

(V )
Carote noid 
deriva tive

List – I Lis t – II

The correct match is :

A B C D

(1) III I V II

(2) II V IV III

(3) II I V IV

(4)  IV III II I

19. Match the following:

(I) Differentiation (A)
Heterophylly in 
Gossypium 

(II) Dedifferentiation (B)
Formation of 
cork

(III) Plasticity (C)
Parenchyma 
that becomes 
cork cambium

(IV) Redifferentiation (D)

Maturation of 
newly formed 
cells to 
perform a 
specific 
function

List - 1 List - 2 

The correct matching is :

I II III IV
(1) B D C A
(2) D C A B
(3) C B D A
(4) D A B C

20. Study the following table and identify the
correct combinations:

\

Chemical 
nature    

Physiological 
effect

I. Auxins
Indole  
compound     

Causes apical 
dominance

II. Gibberellins Terpenes  
Malting in 
brewing 
industry

III. Cytokinins
Adenine 
derivatives

Nutrient 
mobilization

IV. ABA
Carotenoid  
derivative 

Induction of 
seed dormancy

Hormone

(1) I and III only (2) II and IV only
(3) II, III and IV (4) I, II, III and IV

21. Match the following items of List - I and
List - II.

 

(A )
X yle m  in  
pr im a ry  body

(I )
P roduc t o f  
de d iffe re n tia tion

(B )
In te rfa s c ic u la r 
c a m bium

(II)
P roduc t o f  
d iffe re n tia tion

(C )
P h loe m  in  the  
w oody orga n

(I II )
U nde rgoe s  
d iffe re n tia tion

(D ) C ork  c a m bium  (IV )
P roduc t o f  
de d iffe re n tia tion

(V )
P roduc t o f  
re d if fe re n tia tion

L is t –  I L is t –  II

    The correct match is
  A B C D

(1)   II IV V I
(2)   II IV V III
(3)   II III IV V
(4)   II I III IV

22. Which of the following statements does
not characterize photoperiodism?
1)Mediated by florigen hormone
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2)Conversion fo shoot apex into
reproductive apex
3) Red light is stimulatory in SDP, LDP
and DNP of flowering
4) Photoperiodic stimulus is perceived by
mature leaf

23. Which of the following functions are
concerned with the growth hormone auxins
I) They promote flowering in Ananas

sativus
II) They promote the abscission of older

mature leaves
III) They induce parthenocarpy in

Lycopersicon
IV) They are widely used to kill mature

monocotyledonous plants
(1) I, II, III, IV (2) I, III only
(3) I, II, III only (4) I, III, IV only

24. Which of the following statements are
correct?
I. Both growth and differentiation in higher

plants are open
II. Ethylene prevents rapid internodal or

petiole elongation in deep water rice
plants

III. ABA induces seed germination
IV. A defoliated plant can not respond to

photoperiodic cycle
(1) I, IV only (2) I, III, IV only
(3) III, IV only (4) I, II, III, IV

25. Arrange the following stages of cell
development in a correct sequence
A mature cell, B – Plasmatic growth,
C- meristematic cell, D – differentiation,
E – cell division
The correct sequence is :
(1) A – B – D – E – C
(2) B – E – C – D – A
(3) C – E – A – D – B
(4) C – B – E – D – A

26. Which combination of gasses is suitable
for fruit ripening ?
1)80% CH4 and 20% CO2
2) 80% CO2 and 20% O2
3) 80% C2H4 and 20% CO2
4) 80% CO2 and 20% CH4

27. The viability of seeds tested by
1) Safranin
2) 2,6 dichlorophenol indophenols
3)2,3,5 triphenyl tetrazolium chloride
4) DMSO

28. During differentiation, the cells undergo

structural changes in their

A) cell wall B) genetic material

C) protoplasm D) unit membranes

(1) A, B (2) C, D

(3) A, C (4) B ,D
29. Initial and final surface of the leaves A, B,

C and D per unit time (per day) are given
below. Arrange the leaves in decreasing
order of their relative growth rates

Final surface  
area

A. 50 cm2 55 cm2

B. 10 cm2 14 cm2

C. 20 cm2 25 cm2

D. 25 cm2 30 cm2

Initial surface  
area.

The correct answer is :
(1) A, B, C, D (2) B, C, D, A
(3) B, D, C, A (4) A, C, D, B

30. Coconut water contains
(1) ABA (2) auxin
(3) cytokinin (4) gibberellin

31. The affect of apical dominance can be
overcome by which of the following
hormone?

(1) IAA (2) Ethylene
(3) Gibberellin (4) Cytokinin

32. Match the following items of List - I and
List - II

List - I List - II
A) IAA (I) Herring sperm

DNA

(B) ABA (II) Bolting
(C) Ethylene (III) Stomatal closure
(D)GA (IV) Weed-free lawns

(E) Cytokinins (V) Ripening of fruits
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A B C D E
(1) IV III V II I
(2) V III IV II I
(3) IV I V III II
(4) V III II II V

33. Apples are generally wrapped in waxed
paper to

(1) prevent sunlight from changing its
colour

(2) prevent aerobic respiration by checking
the entry of O2

(3) prevent ethylene formation due to injury

(4) make the apples look attractive

34. Which of the following is an example of
dedifferentiation in plants?

(1) Formation of interfascicular cambium in
dicotyledonous stem from
parenchymatous medullary rays

(2) Formation of cork cambium from fully
differentiated parenchymatous cells.

(3) Formation of cells by culturing the cells
of pith during plant tissue culture

(4)  All of these

35. Select the option that correctly fills the
blanks in the following statements.

i) The phenomenon of physiological
change occuring in plants in response to
relative length of day and night is called
---------

ii) --------- induces parthenocarpy  in
grapes

iii) Requirement of low temperature
treatment for flowering in some plants
is called-------

iv) ------- Induces growth in axillary buds

(1) (i) - photoperiodism; (ii) - cytokinin;

(iii) - vernalisation; (iv) - Auxin

(2)(i) - photoperiodism; (ii) - Auxin;

(iii) - vernalisation; (iv) -cytokinin

(3) (i) - vernalisation; (ii) - Auxin;

(iii) - photoperiodism; (iv) -cytokinin

(4) (i) - vernalisation; (ii) -
cytokinin;

(iii) - photoperiodism; (iv) - Auxin

36. Study the following  lists with regard to
growth

A.
Efficiency index  
material

I.

The measure  of the 
ability of the plant 
to produce new 
plant 

B. Relative growth II.
Measurement and 
comparison of total  
growth per unit time

C. Absolute growth III.
Plotting the 
parameter of growth 
against time

D. Growth curve IV.

Growth of the given 
system per unit t ime 
as percentage of 
initial size

V.
Plotting the 
parameter of growth 
against nutrients

List – I List – II

The correct match is :
A B C D

(1) I IV II III
(2) IV I III II
(3) III IV II I
(4) II III IV I

37. The closing and opening of the leaves
of Mimosa pudica is due to

1) Seismonastic movement
2) Chemonastic movement
3) Thermonastic movement
4) Hydrotropic movement

38. Which of the following tissues of bark are
formed due to redifferentiation?
A. Phellogen B. Wood
C. Phelloderm D.Secondary Phloem
E. Phellem
(1) B, D, C, A, E (2) A, C, D, E
(3) C, D, E (4) B, D only

39. Select the incorrect expression with respect
to vernalisation



207

I) Winter variety of barley if planted in
spring fail to flower in a flowering
season

II) Biennials like sugar beet, cabbage,
carrot are monocarpic plants

III) Speeding up ability to flower by low
temperature treatment

IV) Winter variety of wheat is harvested
during winter season

(1) I, II and III (2) IV alone
(3) II and IV (4) III alone

40.  ABA stimulates the ..A.. of stomata in the
epidermis and ..B.. the tolerance of plants
to various kinds of stresses. So it is termed
as the ..C.. hormone
(1) A-opening, B-decreases, C-stress
(2) A-closing, B-increases, C-juvenile
(3) A-closing, B-decreases, C-juvenile
(4) A-closing, B-increases, C-stress

41. Read the given statements and identify the
plant hormones X, Y and Z
I) Hormone Y induces flowering in mango

and also promotes rapid internode/
petiole elongation in deep water rice
plants and hence helping leaves or
upper part of shoot to remain above
water

II) Hormone X promotes root growth and
root hair formation

III) Hormone Z inhibits the seed
germination, increases the tolerance of
plant to various stresses, play important
role in seed development, maturation
and dormancy

Choose the correct option
(1) Y-ABA, X-Auxin, Z-GA
(2) Y-GA, X-Auxin, Z-C2H4
(3) Y-Auxin, X-C2H4, Z-GA
(4) Y-C2H4, X-C2H4, Z-ABA

42. How many of the following are natural
plant growth regulators?
(1) kinetin (2) IAA

(3) 2-4.D (4) IBA
(5) NAA (6) Zeatin

(7) 3GA (8) Ethephon

(1) Four (2) Three
(3) Two (4) Six

43. Identify the mismatch with reference to
antagonistic effects shown by a pair of
hormones
(1) promotion of flowering in pineapple –

Auxins and Ethylene
(2) Seed dormancy – ABA and GA5
(3) Apical dominance – Auxins and

Cytokinins
(4) Senescence in leaves – Cytokinins and

Ethylene
44. What will be effect on phytochrome in a

plant subjected to continuous red light ?
1) Phytochrome synthesis  will increase
2) Level of phytochrome  will decrease
3) Phytochrome will be destroyed
4) Initially  ( 2) later (1)

45. A dwarf pea plant was treated with GA, it
grew as tall as the pure tall plant. If this
treated plant was crossed with a pure tall
plant the phenotypic ratio of the F2 is likely
to be:
(1) All tall (2)50%tall, 50%
dwarf
(3)75% tall, 25% dwarf (4) All dwarf

46. Which of the following is correct for
phytochrome conversion reaction?

1)

Red light

Sun Pfr
Pr

3)

Red light
Far red Pfr

Pr

2)

Sun/far red

Red light
Pfr

Pr

4)

Red light

Sun light Pfr
Pr

47. Coiling of garden pea tendrils around any
support is an example of
(1) thermotaxis (2) chemotropism
(3) thigmonasty (4) thigmotropism

48. The pneumatophores grow against the
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geotropic stimulus due to
(1) aerotropism (2) thermotropism
(3) phototropism (4) hydrotropism

49. Movement of Spirogyra gametes is
(1) ciliary (2) cyclosis
(3)amoeboid (4) chemotatic

50. Movement in peristomial teeth of mosses is
(1) hydrochasy (2) xerochasy
(3) chemotactic (4) chemotropism

51. Consider the following statements and
select the correct option stating which one
is true(T)and which one is false (F) i)
Vernalisation can help in shortening the
juvenile or vegetative period of plant and
bring early flowering.
ii) Phytochrome is a pigment protein

complex which exists in two inter -

convertible forms - rP  and frP

iii) Sugar beet flowers after getting the
inductive cycle of long dark periods and
 short
photoperiods.

iv) 2, 4 - D acts as weedicide to remove
broad leaved weeds.

v) Auxins promote growth of lateral buds
whereas cytokinins inhibit it

i ii iii iv v
(1) T T F F T
(2) T T T T F
(3) F F T F T
(4) T T F T F

52. With which of the following process
Lysenko’s theory is concerned?

(1) Vernalisation      (2)  Photomorphogenesis

(3) Photorespiration (4)Photoperiodism

53. The red absorbing form of phytochrome gets
converted to the far-red absorbing form after
getting irradiated at

(1) 660 nm               (2) 730 nm
(3) 530 nm               (4) 600 nm to 730 nm

54. The pigment involved in red-far red light
interconversion is

(1) cytochrome (2) xanthophyll
(3) lycopene (4)phytochrome

55. Chloroplasts in Hydrilla leaf show

_________ movement in presence of light.

(1) amoeboid (2) circulation
(3 rotation (4) ciliary

56. Movements of leaves of sensitive plant,
Mimosa pudica are due to

(1) thermonasty (2)  seismonasty
(3) hydrotropism (4) chemonasty

57. An apparatus commonly used to demonstrate
phototropism is

(1) heliotropic chamber (2)clinostat
(3) arc Auxanometer (4) potometer

58. Root hairs are

(1) positively geotropic

(2) negatively geotropic

(3) plagiogeotropic (4) ageotropic

59. Light wavelength absorbed by P
r
  and P

fr

state of phytochrome absorbed are
respectively

(1) 660nm and 730 nm

(2) 730 nm and 660 nm

(3) 640nm and 700nm

(4) 700 nm and 640 nm

STATEMENT TYPE  QUESTIONS

The following are the options for the
questions from  60 to 101. Choose the
correct option for them.

1) Both S-I and S-II are correct

2) S-I correct and S- II incorrect

3) S- I incorrect and S- II correct

4) Both S-I and S-II are incorrect
60. Statement-I: Expansion of a leaf is growth.

Statement-II:Growth occurs at the expense
of energy.

61. Statement-I: Plant growth is unique
process.
Statement-II:Plants retain the capacity for
growth through out their life.

62. Statement-I: Development is regarded as
the sum of growth and differentiation.
Statement-II: Both intrinsic and extrinsic
factors influence the growth and
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differentiation.
63. Statement-I: Some types of growth

involve increase in number of cells.
Statement-II: Newly formed young cells
show elongation and contribute to the
growth of the plant.

64. Statement-I: Plant growth is unique
because it is indeterminate.
Statement-II: Plants are provided with
localized meristems

65. Statement-I: Plant shows open form of
growth.
Statement-II: New cells are always being
added to the plant body by the activity of
the meristems.

66. Statement-I: In arithmetic growth, only one
daughter cell continues to divide while
the other  differentiates and matures.
Statement-II: Arithmetic growth is
exemplified by a root elongating at a
constant rate.

67. Statement-I: The ability of plant to follow
different pathways in response to the
environment is called plasticity.
Statement-II: Heterophylly is seen in
larkspur.

68. Statement-I: If parameter of growth
against time is plotted, a sigmoid curve will
be formed in arithmetic growth.
Statement-IIThe initial growth is slow (lag
phase) followed by rapid growth rate and
finally ends in a stationary phase.

69. Statement-I: Interfascicular cambium and
cork cambium formed from fully
differentiated parenchyma cells.
Statement-II: The living and dead
differentiated cells that have lost the
capacity to divide can regain the capacity
of division under certain conditions.

70. Statement-I: Heterophylly is an example
of plasticity.
Statement-II: Heterophylly is a condition
where a plant forms different types of
leaves in its life cycle.

71. Statement-I: The PGRs can be broadly
classified into two major groups based on

their function in a plant body.
Statement-II: All kinds of PGRs are also
called plant growth promoters.

72. Statement-I: PGRs are simple molecules
of diverse chemical composition.
Statement-II: PGRs could be indole
compounds.

73. Statement-I: PGRs are involved in growth
promoting activities like cell division, cell
enlargement and flowering.
Statement-II:Cytokinin is a growth
promoter, that induce leaf senescence.

74. Statement-I: A plant hormone is a growth
regulator.
Statement-II: Growth regulators promote
or inhibit the growth.

75. Statement-S-I:: 2,4-D is widely used to
kill dicotyledonous weeds but does not
affect mature mono-cotyledonous plants.
Statement-II: 2,4-D is used as a pesticide.

76. Statement-I::  Auxin treatment cause
bolting in rosette plants.
Statement-II:: Auxin causes rapid
elongation of stems.

77. Statement-I: Auxin can induce
parthenocarpic fruit formation.
Statement-II: Auxin delays abscission of
fruits and leaves at early and mature stages.

78. Statement-I: Auxin and ethylene regulate
leaf abscission.
Statement-II:  Ethylene is natural
abscission accelerating hormone.

79. Statement-I: The shoot apical meristems
are the only source of auxin synthesis.
Statement-II: Dormancy of lateral buds is
due to absence of auxins.

80. Statement-I: 2,4-D is a weed killer.
Statement-II: 2,4-D is a natural auxin.

81. Statement-I: Some auxins are used to
prepare weed free lawns by gardeners.
Statement-II:2,4-D is used to kill
dictoyledonous weeds.

82. Statement-I:Charles Darwin and his son
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conducted experiments in canary grass.
Statement-II: In canary grass, the
coleoptiles bend towards unilateral
illumination.

83. Statement-I: Auxins are widely used for
plant propagation in horticulture.
Statement-II: Auxins help in root initiation
on stem cuttings.

84. Statement-I: Gibberellins increases the
sugar cane yield by as much as 20 tonnes
per acre.
Statement-II:Sugar cane crop treated with
gibberellins increases the length of the root.

85. Statement-I: Fruits can be left on the tree
for a long period, so as to extend the market
period by the application of gibberellins.

Statement-II:  Gibberellins also delay
senescence.

86. Statement-I: Gibberllins promotes
parthenocarpy in beet root, cabbages etc.

Statement-II: Beet root and cabbages
normally exhibits ‘rosette habit’.

87. Statement-I: Cytokinins are anti ageing
hormones.

Statement-II:Cytokinins overcome apical
dominance.

88. Statement-I:: Cytokinin promotes the
senescence of leaves.

Statement-II: Cytokinin inhibit
mobilisation of nutrients.

89. Statement-I: Ethylene helps plants to
decrease their absorption surface.

Statement-II:Ethylene promotes root
growth and root hair formation.

90. Statement-I: Ethylene is the most widely
used plant growth regulator in agriculture.
Statement-II:Ethylene regulates the many
physiological processes.

91. Statement-I: Ethylene increases the yield
in  cucumbers.

        Statement-II: Ethylene promotes the
female flower formation in cucumbers.

92. Statement-I: The most widely used
compounds as a source of ethylene is
ethephon.
Statement-II: Ethephon in an aqueous
solution is readily absorbed and transported
with in the plant and releases ethylene
slowly.

93. Statement-I: ABA  reduces the rate of
  transpiration.

Statement-II:  ABA  is used as transpirant.

94. Statement-I:  ABA is also called as stress
hormone.

      Statement-II:  ABA  increases the tolerance
of plants to various kinds of stresses.

95. Statement-I: Dormancy and abscission are
growth inhibiting activities.

Statement-II: Gibberellins and ABA
induce dormancy and abscission
respectively.

96. Statement-I: “Seed is unable to germinate
only because favourable external conditions
are not present”  is termed as quiescence.

Statement-II: Dormancy of seeds may be
caused by hard seed coat that prevent uptake
of oxygen and water.

97. Statement-I: Chemical compound present
in tomato does not allow seeds to germinate.

Statement-II: Chemical compounds
present in seeds inhibit germination in all
plants.

98. Statement-I: In seeds of Fabaceae,
dormancy is broken by scarification.
Statement-II: In seeds of Polygonum
dormancy is removed by stratification.

99. Statement-I: Initial growth of sigmoid
curve is called lag phase.
Statement-II: Growth increases rapidly in
log phase of sigmoid curve.

100. Statement-I: Auxins are found in the
growing tips of the plant.
Statement-II:Auxins are not found in the
tip of the root.
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101. Statement-I: Auxin is widely applied in
tea plantations and hedge making.
Statement-II:Removal of shoot tips results
in the promotion of apical dominance.

102. Statement-I: Presence of chemical
inhibitors such as abscisic acids, phenolic
acids, para-ascorbic acid and immature
embryos are some reasons which causes
seed dormancy.

Statement-II: The dormancy however can
be overcome through natrual means and
various other  man-made measures.

PREVIOUS YEAR QUESTIONS
CBSE PMT 2006
1. An enzyme that can stimulate

germination of barley seeds is
(1)  - amylase (2) Lipase
(3) Protease (4) Invertase

CBSE PMT 2007
2. Which one of the following pairs, is not

correctly matched?
(1) Abscisic acid – Stomatal closure
(2)Gibberellic acid – Leaf fall
(3) Cytokinin  - Cell division
(4) IAA – Cell wall elongation

3. Opening of floral buds into flowers, is a
type of
(1) autonomic movement of locomotion
(2) autonomic movement of variation
(3) paratonic movement of growth
(4)autonomic movement of growth

CBSE PMT 2008
4. Senescence as an active developmental

cellular process in the growth and
functioning of a flowering plant, is
indicated in
(1) vessels and tracheid differentiation
(2)leaf abscission
(3) annual plants (4) floral parts

5. Importance of day length in flowering of
plants was first shown in
(1) Lemna (2) tobacco
(3) cotton (4) Petunia

CBSE PMT 2009

6. Which one of the following acids is a
derivative of carotenoids?
(1) Indole – butyric acid
(2) Indole – 3 – acetic acid
(3) Gibberellic acid
(4)Abscisic acid

7. One of the synthetic auxin is
(1)NAA (2) IAA
(3) GA (4) IBA

CBSE PMT 2010
8. Phototropic curvature is the result of uneven

distribution of
(1) gibberellins (2) phytochrome
(3) cytokinins (4) auxin

9. Coiling of garden pea tendrils around any
support is an example of
(1) thigmotaxis (2) thigmonasty
(3)thigmotropism (4) thermotaxis

10. Photoperiodism was first characterized in
(1)tobacco (2) potato
(3) tomato (4) cotton

CBSE PMT 2012
11. Through their effect on plant growth

regulators, what do the temperature and
light control in the plants?
(1) apical dominance
(2)flowering
(3) closure of stomata
(4) fruit elongation

12. Vernalisation stimulates flowering in
(1) zaminkand (2) turmeric
(3)carrot (4) ginger

13. Which one of the following generally acts
as an antagonist to gibberellins?
(1) Zeatin (2) Ethylene
(3 ABA (4) IAA

NEET 2013
14. During seed germination its stored food is

mobilized by
(1) Ethylene (2) Cytokinin
(3) ABA (4) Gibberellin

CBSE PMT 2014
15. Which one of the following growth

regulators is known as ‘stress hormone’?
(1)Abscisic acid (2) Ethylene
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(3) GA3 (4) Indole acetic acid
16. Dr. F. Went noted that if coleoptiles tips

were removed and placed on agar for
one hour, the agar would produce a
bending when placed on one side of
freshly cut coleoptile stumps. Of what
significance is this experiment?
(1) It made possible the isolation and exact

identification of auxin
(2) It is  the basis for quantitative

determination of small amounts of
growth  - promoting substances

(3) It supports the hypothesis that IAA is
auxin

(4)It demonstrated polar movement of auxin
NEET Ph. 1 (2016)
17. The Avena curvature is  used for bioassay

of
(1) GA3
(2) IAA
(3) Ethylene
(4) ABA

NEET Ph. II (2016)
18. Phytochrome is a

(1) flavoprotein
(2) glycoprotein
(3) lipoprotein
(4) chromoprotein

19. You are given a tissue with its potential
for  differentiation in an artificial culture.
Which of  the following pairs of
hormones would you add to the medium
to secure shoots as well as roots?
(1) IAA and gibberellins
(2)Auxin and cytokinin
(3) Auxin and abscisic acid
(4) Gibberellin and abscisic acid

NEET (2017)
20. Fruit and leaf drop at early stages can

be prevented by the application of
1) Ethylene
2) Auxins
3) Gibberellic acid
4) Cytokinins

NEET (2019)

21. What is the site of perception of
photoperiod necessary for induction of
flowering in plants?
1) Shoot apex
2) Leaves
3) Lateral buds
4) Pulvinus

22. It takes very long time for pineapple
plants to produce flowers. Which
combination of hormones can be applied
to artificially induce flowering in
pineapple plants throughout the year to
increase yield ?
1)Gibberellin and Abscisic acid
2) Cytokinin and Abscisic acid
3) Auxin and Ethylene
4) Gibberellin and Cytokinin

NEET-2019 [ODISHA]
23. Removal of shoot tips is a very useful

technique to boost the production of tea
leaves. This is because
(1) Gibberellins delay senescence of leaves
(2) Gibberellins prevent bolting and are
inactivated
(3) Auxins prevent leaf drop at early stages
(4) Effect  of auxins is removed and growth
of lateral buds is enhanced

24. In order to increase the yield of
sugarcane crop, which of the following
plant growth regulators should be
sprayed?
(1) Ctyokinins
(2) Ehtylene
(3) Auxins

(4) Gibberellins

KEY
MODEL TEST - 1

1) 3 2) 2 3) 4 4) 1 5) 1

6) 3 7) 1 8) 3 9) 3 10) 4

11) 1 12) 1 13) 3 14) 2 15) 2

16) 4 17) 1 18) 4 19) 4 20) 3

21) 2 22) 2 23) 1 24) 4 25) 4
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26) 3 27) 3 28) 4 29) 2 30) 4

31) 2 32) 4 33) 2 34) 2 35) 4

36) 4 37) 2 38) 4 39) 3 40) 1

41) 2 42) 4 43) 4 44) 2 45) 4

46) 3 47) 2 48) 1 49) 1 50) 3

51) 1 52) 1 53) 2 54) 3 55) 2

56) 1 57) 1 58) 2 59) 2 60) 4

61) 1 62) 3 63) 4 64) 3 65) 2

66) 1 67) 1 68) 3 69) 3 70) 1

71) 4 72) 1 73) 2 74) 2 75) 1

76) 3 77) 1 78) 2 79) 3 80) 4

81) 4 82) 3 83) 1 84) 2 85) 4

MODEL TEST - 2

86) 3 87) 1 88) 4 89) 1 90) 3

91) 3 92) 4 93) 2 94) 1 95) 2

96) 2 97) 1 98) 1 99) 2 100) 2

101) 3 102) 1 103) 1 104) 1 105) 2

106) 2 107) 1 108) 2 109) 3 110) 4

111) 4 112) 2 113) 3 114) 2 115) 1

116) 3 117) 4 118) 4 119) 4 120) 2

121) 4 122) 3 123) 3 124) 4 125) 3

126) 2 127) 1 128) 2 129) 3 130) 2

131) 4 132) 3 133) 2 134) 2 135) 4

136) 3 137) 2 138) 1 139) 2 140) 2

141) 4 142) 4 143) 3 144) 2 145) 1

146) 4 147) 2 148) 4 149) 3 150) 2

151) 3 152) 2 153) 3 154) 2 155) 3

156) 2 157) 2 158) 3 159) 2 160) 3

161) 1 162) 2 163) 1 164) 2 165) 4

166) 3 167) 1 168) 3 169) 1 170) 2

171) 1 172) 4 173) 2 174) 3 175) 3

176) 1 177) 3 178) 3 179) 1 180) 4

181) 4 182) 1 183) 2 184) 1 185) 4

186) 2 187) 2 188) 2 189) 4 190) 3

191) 3 192) 1 193) 1 194) 3 195) 2

196) 3 197) 2 198) 1 199) 4

MODEL TEST - 3

202) 3 203) 4 204) 3 205) 3 206) 1 207) 2

208) 1 209) 4 210) 1 211) 3 212) 2 213) 4

214) 4 215) 1 216) 3 217) 4 218) 2 219) 2

220) 4 221) 2 222) 3 223) 3 224) 3 225) 2

226) 1 227) 1 228) 1 229) 3 230) 3 231) 1

232) 1 233) 4 234) 3 235) 4 236) 2 237) 1

238) 1 239) 2 240) 2 241) 2 242) 2 243) 2

244) 3 245) 2 246) 1 247) 1 248) 1 249) 3

250) 3 251) 4 252) 3 253) 2 254) 2 255) 4

256) 4 257) 4 258) 3 259) 1

QUESTION BANK - 1
1)1 2)4 3)2 4)1 5)4
6)2 7)2 8)3 9)3 10)2
11)4 12)4 13)3 14)2 15)1
16)1 17)4 18)2 19)2 20)4
21)1 22)3 23)3 24)1 25)4
26)3 27)3 28)3 29)2 30)3
31)4 32)1 33)2 34)4 35)2
36)1 37)1 38)3 39)2 40)4
41)4 42)1 43)1 44)4 45)3
46)3 47)4 48)1 49)3 50)1
51)2 52)1 53)1 54)4 55)3
56)2 57)1 58)4 59)1 60)1
61)1 62)1 63)1 64)1 65)1
66)1 67)1 68)3 69)2 70)1
71)2 72)1 73)2 74)1 75)2
76)4 77)2 78)1 79)3 80)2
81)1 82)1 83)1 84)2 85)1
86)3 87)1 88)4 89)3 90)1
91)1 92)1 93)2 94)1 95)2
96)1 97)2 98)1 99)1 100)2
101)3 102)1

KEY-PREVIOUS YEAR QUESTIONS
1)1 2)2 3)4 4)2 5)2 6)4

7)1 8)4 9)3 10)1 11)2 12)3

13)3 14)4 15)1 16)4 17)2 18)4

19)2 20)2 21)2 22) 3 23) 4 24)

4
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CH : 13 - PHOTOSYNTHESIS IN HIGHER PLANTS

INTRODUCTION

Photosynthesis, as you know, is a process by which green plants synthesise their
own food  in the presence of light. Plants have the ability of capturing energy
coming from the sun in the form of light, and converting it to chemical energy. This
chemical energy is used for the growth and  sustainance of our biosphere.
Photosynthesis by plants requires carbon dioxide from the atmosphere and uses
light energy from the sun for converting CO2 to complex foods, which are
consumed  by man and animals. It also provides energy in the form of fossil fuels
derived from prehistoric photosynthetic products. Thus, photosynthesis is the single
most important biological process for the biosphere.

* Green plants carry out ‘photosynthesis’, a physico-chemical process by which they use light
energy to drive the synthesis of organic compounds. Ultimately, all living forms on earth
depend on sunlight for energy. The use of energy from sunlight by plants showing photosynthesis
is the basis of life on earth. Photosynthesis is important due to two reasons: It is the primary
source of all food on earth. It is also responsible for the release of oxygen into the
atmosphere by green plants.

* Photosynthesis is  the synthesis of carbohydrate from sunlight, water and CO2 by the green
plants (autotrophic) . It is an endergonic and anabolic process. The equation may be written
simply as

  Light
2 2 2 2CO H O [CH O] O

OR

6 Co  + 12H O                      C H O     + 6H O + 6O2 2 6 12 6 2 2

Light

Chlorophyll

Oxidation

Reduction

(Carbohydrate)

What do we know ?
* Chlorophyll (green pigment of the leaf) , light and CO2 are required for photosynthesis to occur

* The experiment to look for starch formation in two leaves - a variegated leaf or a leaf that was
partially covered with black paper, and one that was exposed to light. on testing these leaves for
starch it was clear that photosynthesis occurred only in the green parts of the leaves in the
presence of light.

* The half-leaf experiment, where a part of a leaf is enclosed in a test tube containing some KOH
soaked cotton while the other half is exposed to air. The setup is then placed in light for some time.
On testing for starch later in the two halves of the leaf, you must have found  that the exposed part
of the leaf tested positive for starch while the portion that was in the tube, tested negative. This
showed that CO2 was required for Photosynthesis.

EARLY EXPERIMENTS / HISTORICAL PERSPECTIVE
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* Joseph Priestley (1733-1804) performed a series of experiments that revealed the essential
role of air in the growth of green plants. Priestley, discovered oxygen in 1774. Priestley observed
that a candle burning in a closed space - a bell jar, soon gets extinguished. Similarly, mouse
would soon suffocate in a closed space. He concluded that a burning candle or an animal that
breathe the air, both somehow, damage the air. But when he placed a mint plant in the same bell
jar, he found that the mouse stayed alive and the candle continue to burn. Plants restore to the air
whatever breathing animals and burning candles remove

* Using a similar setup as the one used by Priestley, but by placing it once in the dark and once
in the sunlight
Jan Ingenhousez (1730-1799) showed that sunlight is essential to the plant process that
somehow purifies the  air fouled by burning candles or breathing animals. Ingenhousz in an
elegant experiment with an aquatic plant showed that in bright sunlight, small bubbles were
formed around the green parts while in the dark they did not. Later he identified these bubbles
to be of oxygen. Hence he showed that it is only the green part of the plant that could
release oxygen.

* Julius von Sachs (1854) provided evidence for production of glucose when plants grow. Glucose
is usually stored as starch. The green substance in plants (chlorophyll as we know it now) is
located in special bodies (later called chloroplasts) within plant cells. The green parts in
plants is where glucose is made, and that the glucose is usually stored as starch.

* T.W. Engelmann (1843-1909) using a prism he split light into its spectral components and then
illuminated a green alga, Cladophora, placed in a suspension of aerobic bacteria. The bacteria

were used to detect the sites of 2O evolution. The bacteria accumulated mainly in the region

of blue and red light of the split spectrum. At first action spectrum of photosynthesis was thus
described. It resembles roughly the absorption  spectra of chlorophyll a and b.

* By the middle of the 19th century key features of plant photosynthesis were known, namely, that

plants could use light energy to make carbohydrates from 2CO and water..

* The empirical equation representing the total process of photosynthesis for oxygen evolving
organisms was then understood as

2 2 2 2[ ]LightCO H O CH O O  

Where [ 2CH O ] represented a carbohydrate (e.g., glucose, a six - carbon sugar)
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* A milestone contribution to the understanding of photosynthesis was that made by a
microbiologist, Cornelius van Niel (1897-1985),who, based on his studies of purple and green
bacteria, demonstrated that photosynthesis is essentially a light - dependent reaction in which
hydrogen from a suitable oxidisable compound reduces carbon dioxide to carbohydrates.This

can be expressed by :  
2 2 2 22 2LightH A CO A CH O H O   

* In green plants, 2H O is the hydrogen donor and is oxidised to 2O . Some organisms do not
release 2O  during photosynthesis. When H2S, instead is the hydrogen donor for purple and green
sulphur bacteria, the óxidation’product is sulphur or sulphate depending on the organism and not
oxygen i.e., anoxygenic photosynthates. Hence he inferred that the Oxygen evolved by green
plants comes from 2H O , not from carbon dioxide.
The correct equation, that would represent the overall process of photosynthesis is therefore:

2 2 6 12 6 2 26 12 6 6LightCO H O C H O H O O   

Where 6 12 6C H O  represents glucose. The O2 released is from water; this was proved using radio

isotope techniques.
 Ruben, Kamen and Hassid (1941) used non-radioactive heavy isotope O18 and proved that

in photosynthesis, oxygen comes from water.
18 18

2 2 6 12 6 2 26 12 6 6LightCO H O C H O H O O   
The equation shows two atoms of oxygen coming from one molecule of water.

 Robert Hill (1939) demonstrated photosynthesis (light reaction) by isolated chloroplast in

presence of suitable electron acceptor.Example: Potassium Ferricyanide  4 6
K Fe CN  

 2 2H O A AH O  

Where (A) represents NADP+ invivo and Ferric compounds in Hill’s reaction.

WHERE DOES PHOTOSYNTHESIS TAKE PLACE?

SITE FOR PHOTOSYNTHESIS

* Photosynthesis takes place only in the green parts of the plant, mostly in leaves and to a lesser
extent in green stems, some floral parts, wall of unripe fruits and in photosynthetic roots like
Taeniophyllum.

* Usually the chloroplasts align themselves along the walls of the mesophyll cells, such that they
get the optimum quantity of the incident light.

* In moderate light, the chloroplasts arrange  themselves with their flat surfaces perpendicular
to the incident light while during strong illumination,they are parallel to the incident
light.

STRUCTURE OF CHLOROPLAST

 Chloroplasts were first observed by N. Grew (1682) but were studied by Dutrochet (1837)
, Sachs, Mayer and then by Schimper.

* The mesophyll cells in the leaves, have a large number of chloroplasts



102NARAYANA GROUP

* Chloroplasts are located at the outer margins with their broad surfaces parallel to the cell
wall of the mesophyll cells. This helps in easy diffusion of CO2 required for photosynthesis
from the atmosphere to the inside of chloroplasts.

Lipid droplet
Strach granule

Ribosomes

Grana
Stroma

 Inner membrane
Stromal lamella

outer membrane

Fig: Diagrammatic representation of an electron micrograph of a section of chloroplast

* Chloroplast is surrounded by a double membrane envelope.  Internally it has matrix and
thylakoids.

* Within the chloroplast there is the membranous system consisting of grana, the stroma
lamellae and the fluid stroma

* There is a clear division of labour within the chloroplast. The membrane system is
responsible for trapping the light energy and also for the synthesis of ATP and NADPH.

* In stroma, enzymatic reactions incorporate CO2 into the plant leading to synthesis of sugar,
which in turn form starch.The former set of reactions, since they are directly light driven
are called light reactions. The latter are not directly light driven but are dependent on
the products of light reactions (ATP and NADPH) . Hence, to distinguish the latter they
are called by convention, as dark reactions. However, this should not be considered to mean
that they occur in darkness or that they are not light dependent.

HOW MANY PIGMENTS ARE INVOLVED IN PHOTOSYNTHESIS ?

* The leaf pigments of any green plant are separated by paper chromatography technique.

* Chromatographic separation of the leaf pigments shows that the colour that we see in leaves is
not due to a single pigment but due to four pigments:

* Chlorophyll -a  shows bright or blue green colour, Chlorophyll -b shows  yellow  green colour,
Xanthophylls show yellow colour, and Carotenes show yellow to yellow-orange colour in the
chromatogram.

* Pigments are substances that have an ability to absorb light, at specific wavelengths.

* Chlorophyll is the most abundant pigment in the world

* The wavelength of the visible spectrum of light (VIBGYOR)  is 390nm-760nm. It is the
photosynthetically active radiation (PAR) of light.

* Chlorophyll a  is the chief pigment associated with photosynthesis, where most of the
photosynthesis takes place in the blue and red regions of the spectrum. Some photosynthesis
does take place at the other wavelengths of the visible spectrum .
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Fig :Graph showing the absorption spectrum of chlorophyll a, b and the carotenoids
ACTIVITY OF PIGMENTS :
* Absorption spectrum : Absorption spectrum is a graph of the relative amount of light

absorbed at different wavelengths by a pigment.
* The quantity of light absorbed by the pigments is measured by using an instrument named

spectrophotometer.
* Action Spectrum : The curve showing the rate of photosynthesis at different wave lengths

of light is called action spectrum.
* Action Spectrum is measured in terms of oxygen evolution
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Fig : Graph showing action spectrum of photosynthesis
* Absorption and Action Spectrm : When the action spectrum and absorption spectrum of

photosynthesis are compared, it clearly shows that the maximum rate of photosynthesis
occur in blue and red regions of the spectrum, and these wavelengths of the spectrum are
absorbed by both chlorophyll-a and b in maximum amounts.
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Absorption
Rate of photosynthesis

Fig : Graph showing action spectrum of photosynthesis superimposed on absorption spectrum
of chlorophyll a

* There is no one to one overlap of action    spectrum of photosynthesis with absorption
    spectrum of chlorophyll a but it is super     imposed
* Though chlorophyll is the major pigment responsible for trapping light, other thylakoid pigments

like
chlorophyll b, xanthophylls and carotenoids, which are called acessory pigments, also absorb
light and transfer the energy to chlorophyll a. Indeed, they not only enable a wider range of



104NARAYANA GROUP

wavelength of incoming light to be utilised for photosynthesis but also protect chlorophyll a from
photo-oxidation

WHAT IS LIGHT REACTION ?

* Light reactions or the ‘Photochemical’ phase includes:
I) light absorption  II) water splitting III) oxygen release IV) formation of high-energy
chemical intermediates, ATP and NADPH.

* Several complexes are involved in this process.
* The pigments are organised into two discrete photochemical light harvesting complexes

(LHC) within the photosytem-I (PS-I) and Photosystem-II (PS-II) . These are named in the
sequence of discovery and not in the sequence in which they function during the light
reactions.

* The LHC are made up of hundreds of pigments molecules bound to proteins .
* Each photosystem has all the pigments (except one molecule of chlorophyll a) forming a

light harvesting system also called antennae .
* These pigments help to make photosynthesis more efficient by absorbing different wave

lengths of light .
* The single chlorophyll a molecule forms the reaction centre .
* The reaction centre is different in both the photosystems .
* In PS-I the reaction centre chlorophyll a  has absorption peak  at 700nm, hence is called

P
700

 . While in PS-II, it has absorption maximum at 680nm and is called P
680.

Energy transfer in pigments

Photon

Primary acceptor

Reaction 
centre

Pigment
molecules

THE ELECTRON TRANSPORT

* In photosystem II, the reaction centre chlorophyll a absorbs 680 nm wavelength of red light
causing electrons to become excited and jump into an orbit farther from the atomic nucleus.

* These electrons are picked by an electron acceptor which passes them to an electron transport
system consisting of cytochromes. This movement of electrons is downhill in terms of an
oxidation reduction on redox potential scale. The electrons are not used up as they pass
through electron transport chain, but are passed on to the pigments of PSI.

* Simultaneously, electrons in the reaction centre of PS I are also excited when they receive
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red light of wavelength 700nm and are transferred to another acceptor molecule that has a
greater redox potential. These electrons then are moved downhill again, this time to a
molecule of energy-rich NADP+. The addition of these electrons reduce NADP+ to
NADPH+H+. This whole scheme of transfer of electrons starting from the PS II uphill to
the acceptor, down the electron transport chain to PS I, excitation of electrons, transfer to
another acceptor, and finally down hill to NADP+ causing it to be reduced to NADPH+H+

is called the Z scheme, due to its characteristic shape. This shape is formed when all the
carriers are placed in a sequence on a redox potential scale.

e-acceptor
e-acceptor

Electron 
transport
system

NADP+

ATPADP + ip

LHC

LHC

Light
NADPH

Photosystem IPhotosystem II

ATP

H O     2e  + 2H  + [O]2

– +

Fig : Z scheme of light reaction
NON - CYCLIC ELECTRON TRANSPORT :
 Step I : Photosynthetic electron transport begins with the absorption of sunlight (wave

length of less than 680 nm) by PS II, thus exciting the reaction center (P680*) .
 Step II:The electrons from the reaction center of PS II (P680*) are conveyed to  ‘Pheophytin’

(primary electron acceptor of PS II) . Pheophytin is a special type of chlorophyll ‘a’ in
which the central magnesium atom has been replaced by two hydrogens (C

55
H

74
O

5
N

4
) .

Due to loss of electrons, the reation centre of PS II is oxidized (P680+) .

SPLITTING OF WATER

* The electrons that were moved from photosystem II must be replaced. This is achieved by
electrons available due to splitting of water .The splitting of water is associated with the
PS II. Water is split into H+, [O] and electrons. This creates oxygen, one of the net products
of photosynthesis. The electrons needed to replace those removed from photosystem I are
provided by photosystem II.

2 22 4 4
h

H O H e O
   

* We need to emphasise here that the  water splitting complex is associated with the PS II,
which itself is physically located on the inner side of  the membrane of the thylakoid

* The oxygen thus evolved in this reaction is the main source of the atmospheric oxygen.
 Step III: Thus for the reduction of P680+, the electrons are supplied from water by an

oxygen evolving complex (OEC) . P680+ is the strongest biological oxidizindg agent
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known. This complex is  made of a few proteins, four Mn2+, Ca2+ and Cl- ions. This complex
is associated  with photosystem II and is present in the lumen side of the thylakoid. OEC is
responsible for photolysis of water. The splitting of water in the presence of light and
the consequent evoution of oxygen is known as photolysis.
Where are the protons and O

2
 formed likely to be released - in the lumen ? or on the

outer side of the membrane ?

The two protons obtained in this reaction are released into the lumen of thylakoid.

 Step IV : Two electrons from pheophytin now enter into a ‘Quinone cycle’ (Q-cycle)
one at a time, in  which a ‘Plastosemiquinone’ (PQ- is a partly reduced plastoquinone)
is reduced to form ‘plastoquinol’ (PQH2) by drawing one electron from PSII and one
proton from stroma. Plastoquinol is oxidised to plastosemiquinone by donating an
electron to iron rich carrier called cytochrome-b/f complex (equally distributed in
appressed and non appressed regions.) . one proton is released into the lumen of
thylakoid. Thus for every two electrons passing from PS II to the cytochrome b/f (cyt.
b6 and cyt f) complex, two quinone cycles  facilitate the transfer of  two protons (2H+)
into the lumen of  thylakoid from stroma. Plastoquinone is an integral mobile electron
carrier and moves from stroma side to lumen side vice versa. It is both electron and
proton carrier.

Plastosem iquinone
(PQ )

Plastoquinol
PQ H 2

2e 

2e 

2 H 

2 H 

(from  strom a)(from  PS-II)

(T o cy t-com plex) (To L um en)

           

Fig. : The transfer of electrons and protons in the thylakoid membrane is carried out
vectorially by four protein complexes. Water is oxidized and protons are released in the
lumen by PSII. PSI reduces NADP+ to NADPH in the stroma, via the action of ferredoxin
(Fd) and the flavoprotein ferredoxin–NADP reductase (FNR) . Protons are also
transported into the lumen by the action of the cytochrome b

6–f
 complex and contribute

to the electrochemical proton gradient. These protons must then diffuse to the ATP
synthase enzyme, where their diffusion down the electrochemical potential gradient is
used to synthesize ATP in the stroma. Reduced plastoquinone (PQH

2
) and plastocyanin

transfer electrons to cytochrome b
6–f

 and to PSI, respectively.

 Step V: The electrons from cytochrome complex are conveyed to a copper containing protein
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called  plastocyanin. This moves freely along the lumen side of thylakoid hence a ‘mobile
carrier’

 Step VI: In the meantime, PS I absorbs longer wavelength of light, as a result P 700 is excited
(P 700*) . The excited P 700* passes the electrons to a primary electrons accepter to
ferredoxin (Fd) . Ferredoxin is an iron-sulphur protein that is present in the stroma side of
thylakoid.

 Step VII: By conveying the electrons to ferredoxin, the excited P 700* is oxidized (P 700+)
. The  electron deficiency in oxidized P 700+ is compensated by withdrawing electrons from
reduced plastocyanin formed in Step V.

 Step VIII: The reduced ferredoxin transfers its electrons to NADP+ and reduces it to NADPH
in presence of the enzyme Fd-NADP oxidoreductase (dehydrogenase) . The two protons from
stroma are consumed in this process. The sequence of non-cyclic electron transport thus gets
completed.
At the end of non-cyclic electron transport, it can be summarized that for each pair of electrons
passing through it, contributes four protons (4H+) to the lumen of thylakoid [Two(2H+) from
two ‘Q’cycle’s and two(2H+) from oxidiation of water(photolysis) ]. These high energy
protons are used for synthesis of ATP molecules in light phase called “photophosphorylation”.

 The flow of electrons during non-cyclic transport from PS II to PS I can be inhibited by a
herbicide called DCMU (dichlorophenyl dimethyl urea) .

* The two photosystems are connected through an electron transport chain, as seen earlier - in
the Z scheme. Both ATP and NADPH + H+ are synthesised by this kind of electron flow

CYCLIC ELECTRON TRANSPORT :
* When non-cyclic electron transport is stopped by  light of wave lengths greater than 680nm,

cyclic electron transport occurs.
* By this way, only photosystem I is

activated  and photosystem II remains inactivated. Due to the inactivation of photosystem
II, the electron flow from water to NADP+ is stopped.

* During cyclic  electron transport, electrons from photosystem I are not passed to NADP from
the electron acceptor but instead, the electrons are transferred back to P700 only PS I
is functional, the electron is circulated within the photosystem. This downhill movement of
electrons from an electron acceptor to P700 results in the formation of ATP from ADP

* A possible location where this could be happening is in the stroma lamellae. While the
membrane or lamellae of the grana have both PS I and PS II, while the stroma lamellae
membranes lack PS II as well as NADP  reductase enzyme.

* The cyclic flow hence, results only in the synthesis of ATP, but not of NADPH + H+.
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CYCLIC AND NON-CYCLIC PHOTOPHOSPHORYLATION :
* Living organisms have the capacity of extracting energy from oxidisable substances and store

this in the form of bond energy. Special substances like ATP, carry this energy in their chemical
bonds.

* The process of which ATP is synthesised by cells (in mitochondria and chloroplasts) is named
phosphorylation.

* Photo-phosphorylation is the synthesis of ATP from ADP and inorganic phosphate in the
presence of light.

* When the two photosystems work in a series, first PS II and then the PS I, a process called
non-cyclic photo-phosphorylation occurs.

CHEMIOSMOTIC THEORY OF PHOTOPHOSPHORYLATION:
* The chemiosmotic hypothesis has been put forward  by P.Mitchell (1961) .Like in respiration,

in photosynthesis too, ATP synthesis is linked to development of a proton gradient across a
membrane.This time these are membranes of the thylakoid. Proton gradient develops in the
outer chamber or intermembrane space of mitochondria and inside the thylakoid lumen in
chloroplast during electron transport, both in respiration and photosynthesis.
Reasons for the proton gradient across the membrane:

* The process that take place during the activation of electrons and their transport to determine
the steps that cause a proton gradient to develop.

* Since splitting of the water molecule takes place on the inner side of the membrane, the
protons or hydrogen ions that are produced by the splitting of water accumulate within the
lumen of the thylakoids.

* As electrons move through the photosystems, protons are transported across the membrane.
This happens because the primary accepter of electron which is located towards the outer
side of the membrane transfers its electron not to an electron carrier but to an H carrier.
Hence, this molecule removes a proton from the stroma while transporting an electron.
When this molecule passes on its electron to the electron carrierr on the inner side of the
membrane, the proton is released into the inner side or the lumen side of the membrane
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Fig :- ATP synthesis through chemiosmosis

* The NADP reductase enzyme is located on the stroma side of the membrane. Along with
electrons that come from the acceptor of electrons of PS I, protons are necessary for the
reduction of NADP+ to NADPH+H+. These protons are also removed from the stroma.

* Hence, within the chloroplast, protons in the stroma decrease in number, while in the lumen
there is accumulation of protons. This creates a proton gradient across the thylakoid membrane
as well as a measurable decrease in pH in the lumen.
Significance of the  proton gradient:

* Proton gradient is important because it is the breakdown of this gradient that leads to release
of energy. The gradient is broken down due to the movement of protons across the membrane
to the stroma through the transmembrane channel of the CF0 of the ATPsynthase.

* The ATPsynthase enzyme consists of two parts: one called the CF0 is embedded in the
membrane and forms a transmembrane channel that carries out facilitated diffusion of protons
across the membrane. The other portion is called CF1 and protrudes on the outer surface of
the thylakoid membrane on the side that faces the stroma.

* The break down of the gradient provides enough energy to cause a conformational change in
the
CF1 particle of the ATPsynthase, which makes the enzyme synthesise several molecules of
energy -packed ATP.

* Chemiosmosis requires a membrane, a proton pump, a proton gradient and ATPsynthase.
Energy is used to pump protons across a membrane, to create a gradient or a high
concentration of protons within the thylakoid lumen.ATPsynthase has a channel that allows
diffusion of protons back across the membrane; this releases enough energy to activate
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ATPsynthase enzyme that catalyses the formation of ATP.
* Along with the NADPH produced by the movement of electrons, the ATP will be used

immediately in the biosynthetic reaction taking place in the stroma, responsible for fixing CO2

and synthesis of sugars.

WHERE ARE THE ATP AND NADPH USED?

Products of light reaction are ATP, NADPH and O2. Of these O2 diffuses out of the
chloroplast while ATP and NADPH are used to drive the processes leading to the synthesis
of food, more accurately, sugars. This is the biosynthetic phase of photosynthesis.

* This process does not directly depend on the presence of light but is dependent on the
products of the light reaction, i.e., ATP and NADPH, besides CO2 and H2O

* you may wonder how this could be verified: It is simple : immediately after light becomes
unavailable, the biosynthetic process continues for sometime, and then stops. If then, light is
made available the synthesis starts again..

* Calling the biosynthetic Phase as the dark reaction is a misnomer, as it is occuring during day
time but not directly depend on light

* CO2 is combined with H2O to produce 2( )nCH O or sugars. It was of interest to scientists to find

out how this reaction proceeded, or rather what was the first product formed when 2CO  is taken
into a reaction or fixed; Just after world war II, among the several efforts to put radioisotopes to
beneficial use, the work of Melvin Calvin is exemplary.

* The use of radioactive 14 C by him in algal photosynthesis studies led to the discovery that the

first 2CO fixation product was a 3-carbon organic acid. He also contributed to working out the
complete biosynthesis pathway; Hence it was called Calvin cycle after him. The first product
identified was

 3-phosphoglyceric acid or in short PGA. with 3 carbons

* Later it was found that in another group of plants, first stable product of 2CO fixation was again
an organic acid,  with 4 carbon atoms in it and this acid is identified to be oxaloacetic acid
(OAA) .

* Then 2CO assimilation during photosynthesis was said to be of two main types: those plants in

which the first product of 2CO fixation is a C3 acid (PGA) , i.e., the C3 pathway, and those in
which the first product was a C4 acid (OAA) , i.e., the C4 pathway

The Primary Acceptor of CO2;

* Let us now ask ourselves a question that was asked by the scientists who were struggling to
understand the ‘dark reaction’. How many carbon atoms would a molecule have which after
accepting (fixing) CO2, would have 3 carbons (of PGA) ?

* Scientists believed that since the first product was a C3 acid, the primary acceptor would be
a 2-carbon compound; they spent many years trying to identify a 2-carbon compound before
they discovered the 5-carbon ketose sugar, Ribulose-1,5-bisphosphate (RuBP) .

CALVIN CYCLE (C
3
 CYCLE) /BIOSYNTHETIC PHASE/PCR (PHOTOSYNTHETIC

CARBON REDUCTION ) CYCLE/RPP (REDUCTIVE  PENTOSE PHOSPHATE)
PATHWAY

 The light independent (or dark) reactions of this pathway do not require light and use the energy
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(ATP) and reducing power (reduced NADP or NADPH) produced by the light dependent
reactions to reduce carbon dioxide.

 Melvin Calvin and his associates Andrew Benson and James Basham discovered this
pathway by using Chlorella and Scenedesmus (Algae) and hence named as ‘Calvin cycle’

 Melvin Calvin, Andrew Benson and James Bassham supplied radioactive carbon (14CO
2
) to

Chlorella in a culture. Cells were then rapidly killed in boiling methanol and the contents were
extracted, later 14C labelled compounds were separated by paper chromatography.

 Finally  autoradiagraphy was done to identify the labelled compounds. A three carbon compound
called

3-phosphoglyceric acid (PGA) was the first formed stable product. subsequently all the
intermediate compounds were also identified. The reactions are controlled by enzymes and their
sequence was determined by Calvin, Benson and Bashham during the period 1946-53. For this
pioneering work, Melvin Calvin was awarded a Nobel prize in 1961.

ADP

+
NADP

+
NADP

ATP ATP

ATP

Regeneration
3-phosphoglycerate

Triose
phosphate

Ribulose-1,5-
bisphosphate

Sucrose, starch

Carboxylation

Atmosphere

Co  + H O2 2

1

3

2 Reduction

Fig : The Calvin cycle proceeds in three stages : (1) carboxylation, during which CO
2

combines with ribulose-1,5-bisphosphate; (2) reduction, during which carbohydrate is formed
at the expense of the photochemically made ATP and NADPH; and (3) regeneration during
which the CO

2
 acceptor ribulose- 1,5-bisphosphate is formed again so that the cycle continues

STEPS IN C
3
 CYCLE :

 1.Carboxylation phase:
In this phase six molecules of CO2 are accepted from the atmosphere by six molecules of the
primary CO2 acceptor, Ribulose 1,5 bisphosphate (RuBP) , (five carbon keto compound) , to
form twelve molecules of 3-phosphoglyceric acid (PGA) in the presence of RuBisCo. It is
RuBP carboxylase-oxygenase, with Mg2+ as inorganic cofactor. It is a dual natured enzyme
with both carboxylation and oxygenation activity. It is abundant protein in the plant kingdom
and account for 25-50 % of soluble proteins in leaves.
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 The first stable compound of this pathway (3 PGA) is a three carbon compound, hence the
pathway is called C3 pathway. The plants which undergo this pathway only are called C3
plants.

 2. Reduction phase:
In reduction phase phosphorylation is followed by reduction.
a) Phosphorylation:

Twelve molecules of 3-PGA react with twelve molecules of ATP (which was formed
in light phase) resulting in twelve molecules of 1, 3-bisphosphoglyceric acid. This
reaction is catalyzed by phosphoglycerokinase. Twelve ADP molecules are generated in
this reaction.

     
 

 
3C

12 12 12 1,3-bis PGA +  12PGA ATP ADP 

b) Reduction:
 Twelve molecules of 1,3-bisphosphoglyceric acid are reduced to twelve molecules of

glyceraldehyde -3-phosphate. The enzyme catalysing this reaction is glyceraldehyde 3-
phosphate dehydrogenase. Twelve molecues of glyceraldehyde-3-phosphate formed
are collectively termed as ‘G 3P pool’. It is the first sugar formed in Calvin cycle

 
 

   
 

    2 4
3 3

12 1,3 12 12 3 12 12
C C

bisPGA NADPH H G P NADP H PO        

 1/6th of the triose phosphate (two mlecules of G-3P)  is exported out from the
chloroplast into the cytosol for the synthesis of hexose and then sucrose. The 5/6th of
triose phosphates (ten molecules of G-3P) is used for the regeneration of the CO2
acceptor (6 molecules of ribulose 1,5-bisphosphate) .

 In six Calvin cycles, six molecules of CO2  are utilised and two triose phosphates (G
3P) are  available as net gain, for export from the chloroplast to cytosol ultimately
forming a hexose molecule.

 The main end products the Calvin cycle are sucrose and starch. Sucrose is synthesized
in the cytosol from where it is transported away in phloem and used or stored
(after converting into starch) in other tissues. Starch is also synthesized in chloroplasts
when sucrose synthesis is slower in cytosol.

3. Regeneration phase:
 In order to maintain the continuity of CO2 reduction, it is of vital importance to generate

the RuBP molecules (acceptor) . This is accomplished by a series of reactions involving
many interme diate compounds having four, five, six and seven carbon sugars.

2 6 12 6 26 18 12 12 6 18 18 12EnzymeCO ATP NADPH H C H O H O ADP Pi NADP        
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S.No. Enzymes Reaction 

1 Ribulose-1, 5-bisphosphate 
carboxylase / oxygenase 

6 Ribulose-1,5-bisphosphate + 6CO2 +6H2O    

12(3-phosphoglycerate) +12 H+ 

2 3-phosphoglyceratge kinase 12(3-phosphoglycerate) +12 ATP   

12 (1, 3-bisphosphoglycerate) + 12 ADP 

3 NADP:glyceraldehydes-3-
phosphate dehydrogenase 

12 (1, 3-bisphosphoglycerate) +  12 NADPH + 12 H+   

12 glyceraldehyde-3-phosphate + 12 NADP+ + 12Pi 

4 Triose phosphate isomerase 5 Glyceraldehyde-3-phosphate  

5 dihydroxyacetone-3-phosphate 

5 Aldolase 3 Glyceraldehyde-3-phosphate + 3dihydroxyacetone  

3-phosphate 3fructose-1, 6-bisphosphate  

6 Fructose-1, 6-bisphosphatase  3 Fructose-1, 6-bisphosphate + 3H2O 3 fructose-6-
phosphate + 3Pi  

7 Transketolase 2 Fructose-6-phosphate+2glyceraldehye-3-phosphate2 
erythrose-4-phosphate+2xylulose-5-phosphate 

8 Aldolase 2 Erythrose-4-phospahte + 2 dihydroxyacetone-3-
phosphate2 sedoheptulose-1, 7-bisphosphate 

9 Sedoheptulose-1, 7, bisphosphate 2 sedoheptulose-1, 7-bisphosphate + 2H2O 2 
sedoheptulose-7-phosphate + 2Pi 

10 Transketolase 2-Sedoheptulose-7-phosphate + 2 glyceraldehyde-3-
phosphate r ribose-5-phosphate + 2 xylulose-5-
phosphate 

11a Ribulose-5-phosphate epimerase 4Xylulose-5-phosphate 4 ribulose-5-phosphate  

11b Ribose-5-phosphate isomerase 2 Ribose-5-phosphate 2 ribulose-5-phosphate  

12 Ribulose-5-phosphate kinase 6 Ribulose-5-phosphate+6ATP 6 ribulose-1, 5-
bisphosphate+6ADP + 6H+ 

Net : 6CO2 +11 H2O + 12 NADPH + 18 ATP Fructose-6-phosphate + 12 NADP+ + 6H+ + 18 ADP + 17 Pi 

 
Calvin Cycle Summary

Involves 3 Phases:
1) Carboxylation phase - 1 reaction - No utilization of ATP and NADPH + H+

2) Reduction Phase - 2 Reactions
1) Phoshorylation , 2, Reduction, dephosphorylation
Where both ATP, and NADPH + H+ are utilized

3) Regeneration Phase - 10 Reactions
1) Isomerisation 2) Condensation 3) Dephosphorylation
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4) Transketolation 5) Condensation 6) Dephosphorylation
7) Transketolation 8) Conversion of Xylulose to Ribulose by epimerase enzyme
9) Isomerisation 10) Phosphorylation

Name of the reaction Enzymes involve in C
3
 cycle

I. Carboxylation phase
1.Carboxylation RuBisCO (Class-4)

II. Reductive phase
2. Phosphorylation Phosphoglycerokinase (Class-2)
3. Reduction Glyceraldehyde 3 phosphate dehydrogenase (Class -1)

III. Regeneration phase
4. Isomerization Triose phosphate isomerase (Class-5)
5. Condensation Aldolase (Class-4)
6. Dephosphorylation Fructose-1,6-bisphophatase (Class-3)
7. Transketolation Transketolase (Class-2)
8. Condensation Aldolase (Class-4)
9. Dephosphorylation Sedoheptulose-1,7 bisphosphatase (Class-3)
10. Transketolation Transketolase (Class-2)
11. Epimerization Ribulose-5-phospahte empimerase (Class-5)
12. Isomerization Ribose-5-phosphate isomerase (Class-5)
13. Phosphorylation Ribulose-5-phosphate kinase (Class-2)

ENERGETICS OF CALVIN CYCLE

For reducing six molecules of CO
2
 into an hexose sugar a total of 12 molecules of

NADPH and 18 molecules of ATP are required.

SUMMARY : In Out

6 CO
2

1 Glucose

18 ATP 18 ADP

12 NADPH 12 NADP+

 For the net gain of one Triose molecule - 9ATP, 6NADPH+H+ and 3 Calvin cycles are
required.

 For the fomation of one Hexose (Glucose/ Fructose) - 18 ATP, 12NADPH+H+
 and 6 Calvin

cycles are required.

 For the formation of one Sucrose molecule - 36 ATP , 24 NADPH+H+ and  12 Calvin cycles
are required.

THE C
4
 PATHWAY / HATCH AND SLACK (HSK) PATHWAY

 Other names of C4 cycle are   carboxylation pathway and Di- Carboxylic Acid (DCA
cycle)

 Plants that are adapted to dry tropical regions have the C4 pathway mentioned earlier. Though
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these plants have the C4 oxaloacetic acid as the first CO2 fixation product they  use the C3
pathway or the Calvin cycle as the main biosynthetic pathway.

 C4 plants are special: They have a special type of leaf anatomy, they tolerate higher
temperatures, they show a response to high light intensities, they lack a process called
photorespiration and have greater productivity of biomass.

 Kortschak, Hartt and Burr (1965) reported that rapidly photosynthesizing sugarcane leaves
produced a 4-C compound like aspartic acid and malic acid as a result of CO2-fixation. This
was later supported by M.D. Hatch and R. Slack (1966) and they reported that a 4-C
compound oxaloacetic acid (OAA) is the first product in CO2 reduction process. C4 pathway
was first reported in members of family Graminae (grasses) like sugarcane, maize, sorghum,
etc., (Tropical grasses) but later on in other subtropical plants also like Atriplex and
Amaranthus.

* In  C4 plants the C4 pathway takes place in the mesophyll cells, and the C3 pathway (Calvin
cycle) operates in the bundle-sheath cells. Both types of cells contain chloroplasts.

StomaLower epidermis

Upper epidermis

mesophyll cells

Chloroplasts

Xylem

Phloem
Vascular
bundle

Cells of bundle
sheath with 

special types 
of chloroplast

Fig. Leaf showing kranz anatomy

* C4 plants have a characteristic leaf anatomy called Kranz anatomy (German word meaning

: Wreath, Ring or Halo)

* Particularly large cells around the vascular bundles of the C4 pathway plants are called bundle

sheath cells and the leaves which have such anatomy are aid to have ‘Kranz’ anatomy.

* Kranz means ‘Wreath’ and is a reflection of the arrangement of cells. The bundle sheath cells

may form several layers around the vascular bundles; they are characterised by having a large

number of chloroplasts, thick walls impervious to gaseous exchange and no intercellular

spaces. Agranal chloroplast is found in bundle sheath cells where as mesophyll cells have granal

chloroplast. This is called chloroplast dimorphism exbited by leaves of C4 plants

 The Kranz anatomy maximises contact between the mesophyll and bundle-sheath cells and

therefore maximizes the pumping of CO2 into the bundle-sheath cells so that photosynthesis
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may continue under the adverse conditions of a hot, dry environment. It is essentially a

structural mechanism for sequestering the CO2 capturing step from the carbohydrate-generating

process to maintain photosynthetic efficiency.

 The C4 photosynthetic carbon cycle involves two cell types and proceeds in four stages :

(a) fixation of CO2 into a 4-carbon acid in the mesophyll cells;

(b) transport of the 4-carbon acid from the mesophyll cells to the bundle-sheath cells;

(c) decarboxylation of the 4-carbon acid, generating a high concentration of CO2 in the bundle-

sheath cells;  and cells, and regeneration of the CO2 acceptor, phosphoenol pyruvate, to

continue the  cycle

(d) transport of the residual 3-carbon acid back to the mesophyll.

 In C4 plants, for formation of one mole of hexose (glucose) , 30 ATP and 12 NADPH2 are

required.

Mesophyll 
cell

Plasmo-
desmata

Atmospheric CO2

Plasma 
membrane

Cell wall

HCO-

3 Phosphoenol 
pyruvate

C acid4 C acid3 

Fixation Regeneration

Diagrammatic representation of the
Hatch and Slack Pathway

Decarboxylation C acid3

Bundle 
sheath 
cell Transport

Fixation by 
Calvin cycle

Transport

C acid4

 CO2

REACTIONS OF C
4
 PATHWAY

* Thsi pathway operation in two photosynthetic cells: Mesophyll and bundle sheath, thus

exhibiting division of labour.

Step wise reactions are :

 Carboxylation : Six molecules of carbon dioxide are accepted [in the from of bicarbonate

ions= 3HCO ] by six molecules of a primary carbon acceptor (3-C) called phosphoenol

pyruvic acid (PEP) to from six molecules of oxaloacetic acid (OAA) , which is a four carbon

dicarboxylic acid hence this is called C4 pathway. This reaction occurs in the cytosol of the

mesophyll cell and it is catalysed by the enzyme PEPcarboxylase (PEP case) . OAA, thus
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formed in the cytosol entres into the chloroplast of the mesophyll cell. Mg+ is activator of

enzymes RuBisCO and PEP case enzymes.

        
 

 2 2
3 C

6 C O + 6 P h o s p h o e n o l p y r u v ic  a c id + 6      P E P C a r b o x y la s eH O  
 

  3 4
4C

6 Oxalocaetic acid 6 H PO

The enzyme PEP-carboxylase present in C4 plants is very sensitive to CO2 this is why the
C4plants absorb CO2  even from its much low concentration while the C3 plants fail to avail
it from such a low concentration.

 Reduction: Six molecules of oxaloacetic acid is reduced to six molecules of malic acid,
which is also a  four carbon dicarboxylic acid, by using the light generated NADPH. This
reaction is catalysed by the enzyme malic dehydrogenase.

 
 

+

4C

malic dehydrogenase6 Oxalocaeticacid 6 6Malicacid+NADP NADPH

In some C4 plants, oxaloacetic acid is converted into aspartic acid by transamination.

 Oxidative decarboxylation

Six molecules of malic acid formed in the chloroplast of mesophyll cells are transpotred to
the chloroplast of bundle sheath cell and undergoes oxidative decarboxylation to form six
molecules of pyruvic acid,(three carbon organic acid) and six molecules of CO2. This reaction
is catalyzed by malate enzyme. The oxidation of malic acid during this reaction is associated

with the reduction of 6NADP into 6NADPH H 

        
 

   
 

   + +
2

4C 3C

6 M alic acid+ 6 N A D P H 6 P yruvic acid + 6 N A D P H + H 6    M alic enzym e C O

The six molecules of CO2 generated in the above reaction is utilized in Calvin cycle
(PCRcycle) to synthesize sugars. Thus the Calvin cycle is the basic pathway in the formation
of sugars both in C3 and C4 plant.

The bundle sheath may form several layers around the vasular bundles. They are deep seated,
impervious to gaseous exchange due to the presence of casparian thickenings. As a result
oxygen reaching bundle sheath cells is less but CO2 released is more (by decarboxylation
only, there by reducing the chances of photorespiration.

 Phosphorylation

Six molecules of pyruvic acid produced in bundle sheath cell moves to chloroplast of
mesophyll cell. Here, it is phosphorylated to six molecules of phosphoenol pryruvate (PEP)
. The enzyme pyruvate dikinase (low temperature sensitive) catalyses this reaction. Twelve
molecules of ATP help in phosphorylation by acting as energy donor. PEP enters into cytosol
of the mesophyll cell.

 
 

     
3 C

6 P yru v ic  a c id + 1 2 A T P + 6 P i 6 P h o sp h o e n o l p yru va te+ 1 2 A M P + 1 2 P P i   P yru va te
D ik in a se

During this pathway there are two carboxylations (one each in mesophyll and bundle sheath
cell) . To synthesize one molecule of glucose C4 plants utilize 30ATP and 12 NADPH
(energetic of C4 cycle) . In this pathway,12 molecules of ATP are utilized in excess to build
the CO2 concentration levels in bundle sheath cells.

Summary of C4 Cycle :
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In Out

6 CO
2
(In the form of HCO

3
-) 1 Glucose

30 ATP 30 ADP

12 NADPH 12 NADP
Table : Comparative Account of C

3
 and C

4 
Pathways

Features C3 C4

Cell type One (mesophyll) Two (mesophyll and bundle-sheath)
Kranz anatomy No Yes
Chloroplasts One type (granal only) Two types (granal and agranal)
CO2 acceptor RuBP PEP
First CO2 fixation product 3-PGA (3C compound) Oxaloacetic acid (4C compound)
Carboxylase enzyme Rubisco PEPcase; Rubisco
CO2 fixation rate Low High
O2 inhibition of photosynthesis Yes No
Photorespiration High Negligible
Productivity Low High
CO2 compensation point High 25-100 ppm Low 0-10 ppm
Temperature optimum 20°C - 25°C 30°C - 45°C
Examples Rice, wheat, potato Maize, pearl millet, Amaranthus

NUMERICAL DATA

* Ratio between number of CO2 molecules reduced during dark reaction and number of H2O
molecules oxidised in   light phase is = 1:2

* Ratio between number of H2O molecules oxidised in light phase and number of O2 molecules
evolved is = 2 : 1

* 1H2O molecule - Total of 4 H+ accumulate in lumen - gives 2ATP, 1NADPH +H+

* For evolution of one O2 molecule -2H2O molecules photolysed - 4Z-schemes- Total 8H+ added
-gives 4ATP, 2NADPH + H+

* Primary e– acceptor of P S - II - pheophytin.
* Primary e– acceptor of PS - I - A ( Unnamed)
* Ultimate e– acceptor and donor of Z - Scheme - Ferredoxin
* Ultimate e– acceptor of Z - scheme - NADP+

* Reducing agents (e– donors) for PQ in Z- scheme in order to form PQH2 - cyt b6 and
pheophytin.

* In Z- scheme, Q- cycle operates between pheophytin and Cyt-f
* In cyclic ETS, Q- Cycle operates between Cyt b6 and Cyt-f
Assimilatory Power Needed For C

3
 Plants is

a) For reduction of 1 CO2 - 3 ATP, 2 NADPH + H+.
b) For Net production of 1G- 3P/3 Calvin cycle/ reduction of 3CO2 - 9ATP, 6NADPH +

H+

c) For formation of 1Glucose / Net production of 2G-3 -P/6 Calvin cycles / reduction of
6CO2, 18 ATP, 12NADPH +H+

d) For formation of 1 Sucrose/formation of 2 Glucose /Net Production of 4G-3-P/12 Calvin
cycles / reduction of 12CO2 - 36 ATP, 24NADPH + H+.

Assimilatory Power Needed For C4 Plants is
a) For reduction of 1CO2

  -5ATP, 2NADPH + H+.
b) For net production of 1G- -3-P/3 Calvin cycle, 3C4 cycles / reduction of 3CO2 - 15ATP,

6NADPH + H+.
c) Formation of 1 Glucose / Net production of 2G-3- P/6 Calvin cyles, 6 C4 cycles/
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reduction of 6CO2 - 30ATP, 12 NADPH +H+.
d) For formation of 1 Sucrose / formation of 2 Glucose /Net production of 4G- 3- P /12

Calvin cycles, 12C4 cycles/ reduction of 12CO2 - 60 ATP, 24 NADPH + H+ .
* C4 cycle and C3 cycles operates in C4 plants in the ratio of 1:1
* C4 cycle involves 4 steps

I. Carboxylation - Cytosol of Mesophyll cell
II. Reduction / Transamination - Stroma of chloroplast of Mesophyll cell.
III. Oxidative decarboxylation - Stroma of chloroplast of Bundle sheath cell
IV. Phosphorylation/ Regeneration of PEP - Stroma of choroplast of Mesophyll cell.

* For one turn of C4 cycle 2ATP, 1NADPH + H+ of assimilatory power are used in Mesophyll
cell

CAM (Crassulacean Acid Metabolism) Cycle

 Crassulacean acid metabolism (CAM) refers to a mechanism of photosynthesis that is different
than already discussed C3 and C4 pathways.

 This(CAM pathway) metabolism was first of all reported in Bryophyllum, a member of family
Crassulaceae. This occurs in mostly succulents (xerophytes) like Opuntia, Agave, Aloe, Sedum,
Kalanchoe, etc.,

 In these plants, stomata open during night and close during day time (Scotoactive stomata)
 In these plants carbon fixation at night is by PEPcase and during day is by RUBISCO.
 CAM plants lack Kranz anatomy.
 In CAM plants, CO2 is taken up by the leaves on green stems through stomata, which remain

open in the night. However, during the day, the stomata remain closed in these plants to
conserve moisture and minimize transpiration.

 The CO2 taken up in the night is fixed in the same way as it happens in C4 plants to form
malic acid, which is stored in the vacuole .

 The malic acid thus formed during the night, is used during the day as a source of CO2 for
photosynthesis to proceed via the C3 pathway.

During Night - Acidification :
In darkness , stored carbohydrates are converted to phosphoenol pyruvic acid by the process
of glycolysis . The stomata are closed during the day and opened in dark, which allows free
diffusion of CO2 into the leaf. The phosphoenol pyruvic acid is carboxylated in the presence
of enzyme PEP-Carboxylase .

Phosphoenol pyruvic acid + CO2 + H2O
PEP Carboxylase

Oxaloacetate

Oxaloacetate + NADPH+H+ Malate dehydrogenase Malate + NADP+

Malate is the end product of dark absorption of carbon dioxide . It is stored in the vacuoles.
During Day - Deacidification :

In the presence of light ,organic acids move out of the vacuoles . Malic acid is decarbocxylated
to produce pyruvic acid and evolve carbon dioxide . This process is called deacidification.
High temperature favours it . The reaction is usually carried out by Malic enzyme , but in
some plants it is catalysed by PEP carboxykinase .

NADPH+H+Malate + NADP+ Malic enzyme
Pyruvate + CO2 +
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+Pyruvate ATP + Pi
Phosphopyruvic Dikinase

PEP + AMP + PPi

ATPOxaloacetate +
PEP Carboxykinase

PEP + ADP + CO2
CARBON FIXATION
 The released carbon dioxide is picked up by ribulose bisphosphate in the presence of RUBP-

Carboxylase to perform Calvin cycle .
 Thus, CAM is a kind of adaptation that allows certain plants (for example, pineapple) to carry

out photosynthesis without much loss of water, which is inevitable in plants with C3 and C4
mechanisms.

SIGNIFICANCE OF CAM
 Both C4 and CAM plants perform a similar type of photosynthesis . In both the cases , CO2

is initially fixed by 3-carbon compounds to form 4-carbon dicarboxylic acids. These acids
release CO2  which is picked up by the Calvin cycle.The CAM plants differ from C4 plants
in lacking bundle sheath cells.In CAM plants , there is separation of initial carboxylation
and Calvin cycle in time (i.e., day and night) instead of spaces in C4 plants (i.e., mesophyll
and bundle sheath cells) . CAM plants contain peroxisomes and perform photorespiration .
CAM plants are  usually succulent and their parts such as leaves,stems and petioles are fleshy
and succulent .

 Dark fixation of CO2 has survival value for Crassulacean plants.The stomata are kept closed
during the day in order to conserve water which other wise would be lost under extremely
dry conditions.
At night , when the stomata are open , the CO2 enters into the leaves and is fixed in the form
of organic acids . During daytime,when stomata are closed,the acids releases CO2 . The CAM
plants refix CO2 which is released in respiration where as other plants lose it .

Comparison of C3, C4, CAM plants
FEATURES C

3
C

4
CAM

CELL TYPE ONE (MESOPHYLL) TWO (MESOPHYLL AND ONE ( MESOPHYLL )

BUNDLE-SHEATH)

KRANZ ANATOMY NO YES NO

CHLOROPLASTS ONE TYPE TWO TYPES ONE TYPE

(GRANAL ONLY) (GRANAL AND AGRANAL)

INITIAL CO
2
 ACCEPTOR RUBP PEP PEP

FIRST CO
2
 FIXATION 3-PGA (3C OXALOACETIC ACID OAA

PRODUCT COMPOUND) (4C : COMPUNDS)

CARBOXYLASE ENZYME RUBISCO PEPCASE; RUBISCO PEPCASE; RUBISCO

CO
2
 FIXATION RATE LOW HIGH SLOW

O
2
 INHIBITION OF

PHOTOSYNTHESIS YES NO NO

PHOTORESPIRATION HIGH NEGLIGIBLE NEGLIGIBLE

PRODUCTIVITY LOW HIGH LOW

CO
2
 COMPENSATION

POINT HIGH, 25-100 PPM LOW, 0-10 PPM LOW, 0-5 PPM

TEMPERATURE OPTIMUM 20-25OC 30-45OC

ENERGY REQUIREMENT

TO FIX 6 CO
2

18 ATP 30 ATP 30 ATP

PHOTORESPIRATION / PHOTOSYNTHETIC CARBON OXIDATION CYCLE/PCO
CYCLE/C

2
 CYCLE

 We know by now that the enzyme RuBisCO catalyses the carboxylation reaction, where CO2
combines with RuBP for the Calvin cycle to initiate. But, this enzyme also has the ability to
catalyse the combination of O2 with RuBP, called oxygenation.
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 Respiration that is initiated in chloroplasts under high light conditions, is called
photorespiration.

 It involves three cell organelles - chloroplasts, peroxisomes and mitochondria.

 The oxygenation of RuBP in the presence of O2 is the first reaction of photorespiration, which
leads to the formation of one molecule of phosphoglycolate, a two-carbon compound and
one molecule of PGA.

22 2 2 2 Oxygenase
RuBPRuBP O PGA Phosphoglycolate

In the photorespiration pathway, there is neither synthesis of sugars, nor of ATP. Rather it
results in the release of CO2 with the utilisation of ATP, In the photorespiration pathway there
is no synthesis of ATP or NADPH. Therefore, photorespiration is a wasteful process.

 In C4 plants photorespiration does not occur. This is because they have a mechanism that
increases the concentration of CO2 at the enzyme site. This takes place when the C4 acid from
the mesophyll is broken down in the bundle sheath cells to release CO2 this results in
increasing the intracellular concentration of CO2. In turns, this ensures that the RuBisCO
funcions as a carboxylase minimising the oxygenase activity.

 Photorespiration is also called photosynthetic carbon oxidation cycle,

 Under conditions of high light and limited CO2 supply,photorespiration has a useful role in

protecting the plants from photooxidative damage

 Increased O2 level increases photorespiration, whereas increased CO2 level decreases
photorespiration (and increases C3 photosynthesis).

FACTORS AFFECTING PHOTOSYNTHESIS:

 An understanding of the factors that affect photosynthesis is necessary. The rate of photosynthesis
is very important in determining the yield of plants including crop plants. Photosynthesis is
under the influence of several factors, both internal (plant) and external.

 The plant factors include the number.size,age and orientation of leaves, mesophyll cells and
chloroplasts, internal CO2 concentration of leaves and the amount of chlorophyll.

  The plant or internal factors are dependent on the genetic predisposition and the growth of
the plant

 The external factors would include the availability of sunlight, temperature, CO2 concentration
and water.

  As a plant photosynthesises, all these factors will simultaneously affect its rate. Hence though
several factors interact and simultaneously affect photosynthesis or CO2 fixation. Usually one
factor is the major cause or is the one that limits the rate. Hence at any point the rate of
photosynthesis will be determined by the factor available at sub- optimal levels.

 When several factors affect any [bio] chemical process, Blackman’s (1905) Law of limiting
factors cornes into effect. This states the following: If a chemical process is affected by more
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than one factor, then its rate will be determined by the factor which is nearest to its minimal
value. It is the factor which directly affects the process if its quantity is changed.

 For example, despite the presence of a green leaf and optimal light and CO2 conditions, the
plant may not photosynthesise if the temperature is very low. This leaf, if given the optimal
temperature, will start photosynthesising.

ENVIRONMENTAL FACTORS

1. Light

 There is a linear relationship between incident light and 2CO  fixation rates at low light intensities.
At higher light intensities, gradually the rate does not show further increase as other factors
become limiting

 Light saturation occurs at 10 percent of the full sunlight. Hence, except for plants in shade or in
dense forests, light is rarely a limiting factor in nature. Increase in incident light beyond a point
causes the breakdown of chlorophyll and decrease in photosynthesis

 We need to distinguish between light quality, light intensity and duration of exposure to light
while  discussing light as a factor that affects photosynthesis. Light between the wavelength
of 400 nm and 700 nm is most effective for photosynthesis and this light is called
photosynthetically active radiation (PAR)

 Light Quality - Red and Blue light (390 nm and 760 nm)

 Light Intensity - Light intensity increase from morning to evening. High light intensities
damages chlorophyll (solarization) .

 Duration of exposure - Longer duration may gradually decline the rate of photosynthesis
(flowering period also important) . The rate of photosynthesis more in intermittent light (light
in flash) rather than in continuous light

* Except for plants in shade or in dense forests, light is rarely a limiting factor in nature.

* Increase in incident light beyond a point causes the breakdown of chlorophyll and a decrease in
photosynthesis.
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Fig :- Effect of Light intensity on the rate Photosynthesis

2.Temperature
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* The dark reactions, being enzymatic, are temperature controlled.

* Though the light reactions are also temperature sensitive they are affected to a much lesser
extent.

* C4 plants respond to higher temperataures and show higher rate of photosynthesis while C3
plants have a much lower temperature optimum.

* The temperature optimum for photosynthesis of different plants also depends on the habitat
that they are adapted to

* Tropical plants have a higher temperature optimum than the plants adapted to temperate
climates

Rate of 
Photosynthesis

Temperature

Optimum
Temperature

Fig ; A graph to show the effect of temperature

3.Carbon dioxide concentration :
* Carbon dioxide is the major limiting factor for photosynthesis. The concentration of CO2 is very

low in the atmosphere (between 0.03 and 0.04 per cent) .
* Increase in concentration upto 0.05 per cent can cause anincrease in CO2 fixation rates; beyond

this the levels can become damaging over longer periods.
* The C3 and C4 plants respond differently to CO2 concentrations. At low light conditions neither

group responds to high CO2 conditions. At high light intensities, both C3 and C4 plants show
increase in the rates of photosynthesis.

* What is important to note is that the C4 plants show saturation at about 360 1lL  while C3 responds
to increased CO2 concentration and saturation is seen only beyond 450 1lL  .

* Thus, current availability of CO2 levels is limiting to the C3 plants. The fact that C3 plants
respond to higher CO2 concentration by showing increased rates of photosynthesis leading to
higher productivity has been used for some greenhouse crops such as tomatoes and bell pepper.

* They are allowed to grow in carbon dioxide enriched atmosphere that leads to higher yields.
4.Water :

The photosynthetic rate decrease with water deficiency. Water when becomes limiting, will
affect:
a) Cellular expansion,
b) CO2 absorption due to stomatal closure and
c) enzyme effciency.
Water as a substrate has a vital role in light phase, as it supplies electron, protons and also
evolves oxygen.

5. Oxygen concentraton

Oxygen is not utilized during photosynthesis, instead it is released during photosynthesis (light
phase) by photolysis of water.
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 Warburg (1920) suggested that oxygen has an inhibitory effect on photosynthesis (Warburg
Effect) . In the presence of high oxygen concentration a wasteful process called photorespiration
occurs.

 The inhibition of photosynthesis by high oxygen concentration is called Warburg effect.
B. INTERNAL FACTORS

. Chlorophyll content :
The amount of chlorophyll in a leaf has a direct relationship with  the rate of photosynthesis.
In the dark, “etiolation” will occur and photosynthesis decreases. Chlorophyll content also
decreases with the age of leaf.
Etiolation : Plants look pale and they show excessive elongation of the internodes and poor
development of the leaves.

 Internal structure of  leaf :
The thickness of the cuticle and epidermis, structure and distribution of stomata and proportion
of mesophyll tissue will influence the rate of photosynthesis.

 Accumulation of the end products :
The end products of photosynthesis should be translocated to other parts of a plant. Absence
of an efficient translocation leads to an accumulation of photosynthates, thus resulting in feed
back inhibition of photosynthesis. In C4 plants, the presence of bundle sheath facilitates an
immediate translocation of food into the conducting tissues.
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MODEL TEST - 1
1. Photosynthesis is important because

(1) it is the primary source of all food on
earth
(2) it is also responsible for the release of
oxygen into the atmosphere by green plants
(3) it is also responsible for the release of
CO2 into the atmosphere by green plants
(4) both ((1) and (2) are correct

2. The scientist,who discovered oxygen is
1) Priestley 2) Ingenhousz
3) Engelmann 4) Van Niel

3. Which one is the correct reaction of
photosynthesis

(1) Light
2 2 2 6 12 6Chlorophyll

6CO +6H O 6O +C H O

(2) Light
2 2 6 12 6 2 2Chlorophyll

6CO +12H O C H O +6O 6H O 

(3)

Light
6 12 6 2 2 Chlorophyll

2 2

C H O +6O +6H O

6 12CO H O Energy



 

(4) Light
6 12 6 2 2 2Chlorophyll

C H O +6O 6CO +6HO+Energy

4. Who first of all indicated that water is
electron donor in photosynthesis?
(1) Arnon (2) Calvin
(3) Emerson (4) Van Niel

5. In photosynthesis, oxygen of the glucose
comes from
1) H2O 2) OEC
3) CO2 4) Chlorophyll

6. The scientist who proposed the product
of photosynthesis is starch in illuminated
chloroplasts was

(1) Sachs (2) Engelmann
(3) Schimper (4) Von Mayer

7. Photosynthesis is a

(1) physical process

(2) chemical process

(3) physico - chemical process

(4) an energy wasting process

8. The process of photosynthesis is

(1) reductive, exergonic and catabolic

(2) reductive, endergonic and catabolic

(3) reductive, exergonic and anabolic

(4) reductive, endergonic and anabolic

9. Select incorrect  statement for
photosynthesis

(1) plants requires carbon dioxide from the
atmosphere

(2) plant convert energy coming from the sun
into chemical energy

(3) chemical energy produced by
photosynthesis is used for the growth and
sustenance of our biosphere

(4) CO2 is the source of O2 evolved

10. In photosynthesis

(1) plant convert organic compound into
inorganic compound

(2) carbon dioxide is  chemically oxidised

(3) water molecule is split in the presence
of light (called photolysis) to release O2

(4) plant convert chemical energy coming
from the sun

11. Hydrogen for the synthesis of organic
compounds in photosynthesis comes from

(1) NADPH+H+ (2) FADH2

(3) H2O (4) CO2

12. In green plants  photosynthesis, which is
the hydrogen donor that gets oxidised to
O2 ?

(1) H2O (2) CO2

(3) Glucose (4) H2S

13. Which of the following experiment
showed that CO2 is essential for
photosynthesis?

(1) Half - leaf experiment

(2) Variegated leaf experriment
(3) Priestley’s experiment

(4) Julius Von Sachs experiment

14. Which of the following scientist showed
that it is only the green part of the plants
that would release oxygen ?

(1) Joseph Priestley (2) Jan Ingenhousz

(3) T.W.Engelmann  (4) Cornelies van
Neil

15. Which scientist showed that the green
substances in plant(chlorophyll) is located
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in special bodies(chloroplast) within plant
cells?

(1) Julius von Sachs (2) Cornelius van Niel

(3) T.W.Engelmann   (4) Jan Ingenhousz

16. Who demonstrated that photosynthesis is
essentially a light dependent reaction in
which hydrogen from a suitable oxidisable
compound reduces carbon dioxide to
carbohydrates?

(1) Julius von Sachs (2) Cornelius van
Neil

(3) T.W.Engelmann (4) Jan Ingenhousz

17. The oxygen produced during
photosynthesis comes from water was
proved by

(1) Ruben (2) R. Mayer

(3) M. Calvin (4) Blackmann
18. T.W. Englemann  determined  action

spectrum of photosynthesis  by using
(1) aerobic bacteria (2) virus
(3) blue green alga (4) anaerobic bacteria

19. Name the microbiologist, who gave
milestone contribution to understand
photosynthesis ?
(1) Englemann (2) Robert Mayer
(3) Priestley (4) C. van Niel

20. In the overall process of photosynthesis,
the number of  water molecules utilized
and O2 produced is
(1) 12 & 6   (2) 12 & 12
(3) 6 & 6 (4) 6 & 12

21. A photosynthetic organism which does not
release oxygen is
(1) blue-green alga
(2) green sulphur bacterium
(3) green algae (4) red algae

22. What is true for photosynthesis?
(1) both carbon dioxide and water are
oxidised
(2) both carbon dioxide and water are
reduced
(3) carbon dioxide is oxidised and water is
reduced
(4) carbon dioxide is reduced and water is
oxidised

23. One of the following is photosynthetic non-
sulphur bacterium
(1) Chlorobium (2)  Chromatium
(3) Rhodospirillum (4)  All of these

24. KOH is often used in photosynthetic
experiments because
(1) it quickly absorbs CO2
(2) it gives out CO2 for dark reaction
(3) it splits to provide hydrogen ions
(4) it splits to provide oxygen which is
liberated in atmosphere

25. In an experiment on two leaves – a
variegated leaf is covered with  black
paper and another one was exposed to
light. It is carried out to test the presence
of which biomolecule ?
(1) glucose (2) starch
(3) maltose (4) protein

26. Observe the equation given below and
choose the correct element that

represent ‘A’ in higher g r e e n
plants
     Light

2 2 2 22H A +CO 2A +CH O+ H O
1) Oxygen 2) Sulphur
3) Chlorine 4) Potassium

27. Van Neil inferred that, O2 evolved by
green plants comes from water, and not
from carbon dioxide, based on his
observation in
1) Cladophora 2) Spearmint
3) Purple and green sulphur bacteria
4) Chlorella

28. T.W. Englemann  determined  action
spectrum of photosynthesis  as the
(1) amount of CO2 released
(2) amount of H2O released
(3) amount of O2 released
(4) amount of CO2

 reduced
29. Anoxygenic photosynthesis does not

involve
(1) photosystems (2) ATP synthesis
(3) CO fixation     (4)photolysis of water

30. The following set up is called
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(1) Englemann is experiment
(2) Jan Ingenhousz experiment
(3) Priestley’s experiment
(4) Cornelius van Niel is experiment

31. The evidence that during photosynthesis
oxygen comes from water?
(1) photosynthetic bacteria employ H2S

and CO2 to form carbohydrates,
water and sulphur

(2) isolated illuminated chloroplasts
release oxygen if provided with
potassium ferrocynaide

(3) isotopic 18O provided as H2
18O

appears as 18O2 liberated in photo
synthesis

(4) all the above
32. It is advantageous to use Hydrilla to

demonstrate photosynthesis than land
plants as
(1) it  respires slowly

(2) it does not transpire
(3) it  photosynthesizes  rapidly
(4) oxygen  bubbles can be collected over
water

33. The main purpose of photosynthesis is to
1) consume CO2

2) produce ATP
3) convert light energy into chemical energy
4) produce starch

MODEL TEST - 2

34. A granum is made up of

(1) single thylakoid (2)  two
thylakoids
(3) many thylakoids arranged one above the
other
(4)  none of these

35. Leaves appear green because they
(1) reflect green light
(2) absorb green light
(3) both reflect and absorb green light
(4) none of these

36. In photosynthesis chlorophyll serves as
(1) raw material (2) end product
(3) hydrogen acceptor
(4) an energy entrapper

37. Absorption spectrum of chlorophylls
showing maximum absorption in the ——
—regions of the visible specturm of light
(1) blue and red (2) blue and green
(3) blue and yellow (4) green  and red

38. In photosynthesis, the role of chlorophyll
is
(1) as a catalyst in combination of carbon
dioxide and water
(2) as one of the reactants
(3) as one of the products
(4) to convert light energy into forms of
energy which drive the reactions of
photosynthesis

39. The pigment present universally in all
oxygenic plants is
(1) chlorophyll a (2) chlorophyll b
(3) chlorophyll c (4) chlorophyll d

40. The expression “Chloroplasts are
creatures of life” means that -
(1) all cells possess chloroplast
(2) all life processes depends ultimately  on
photosynthesis
(3) chloroplast is found in green plant parts
(4) both (1) and (3)

41. Which one of the following does not play
any role in photosynthesis?
(1) phycocyanin (2)  xanthophyll
(3) phycoerythrin (4)   anthocyanin

42. Choose the correct statement.
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(A)Absorption of blue light by chl. b is more
than chl. a
(B) Chl a and chl b absorb blue light more
than red
(C) Absorption of red light by chl a is more
than chl b
(D)Carotenoids doesn’t absorb red light at
all
(1) A and C only (2)   B and D only
(3) B and D only (4)   all of the above

43. Leaf pigments of any green plants can be
separated by
(1) x-ray diffraction (2) sedimentation
(3) paper chromatography
(4) centrifugation

44. Solarisation is
(1) formation of chlorophyll
(2) destruction of chlorophyll
(3) utilisation of sunlight
(4) effect of solar light

45. Carotenes protect plants from
(1) photooxidation (2) desiccation
(3) photorespiration (4) photosynthesis

46. The membranous system of grana is
responsible for
(1) trapping light energy but no ATP and
NADPH+H+ formation
(2) trapping light energy and also for fixation
of CO2

(3) for ATP and NADPH2 formation but not
for light trapping
(4) for light capturing and also for
NADPH+H+ and ATP formation

47. Why are dark reactions called so
1) They occur in darkness

2) They are not light dependent
3) They are not directly light driven
4) both 1 and 2

48. Carotenes absorb ___light and transmit
_____ and hence are orange in colour.
(1) blue and green, orange and red
(2) red and yellow, blue and green

(3) blue and red, orange and yellow
(4) green and yellow, blue and red

49. In the given statements (i - iv)

i) The chlorophyll a imparts yellow green

in colour and chlorophyll b imparts blue

green in colour.

ii) Both photosystems absorb more amount

of red wavelength.

iii) In moderate light, the chloroplasts

arrange  themselves with their flat surfaces

perpendicular to the incident light while

during strong illumination,they are parallel

to the incident light.

iv) The stroma of chloroplast is responsible

for trapping the light energy and also for

synthesis of ATP and NADPH.

Find out the correct statements

(1) (ii) ,(iii) and (iv) (2) (ii) and (iii)

(3) (i) ,(ii) and (iii) (4)  (ii) and (iv)

50. Recognise the figure and find out the

correct matching.

d

 c

 e

 a

 b

(1) a-grana, b-stromal lamella, e-
ribosomes,c-starch granule, d-lipid droplet
(2) b-grana, a-stromal lamella, c-ribosomes,
d-starch granule, e-lipid droplet
(3) a-grana, b-stromal lamella, d-
ribosomes,e-strach granule, c-lipid droplet
(4) b-grana, a-stromal lamella,d-ribosomes,
c-starch granule, e-lipid droplet

51. In stroma -
(1) Enzymatic reactions incorporate CO2
into the plant leading to ATP and  NADH2
formation.
(2) Enzymatic reactions incorporate CO2
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into plant leading to the synthesis of
sugar, which in turn forms starch
(3) Light energy is captured to form
glucose
(4) ATP and NADPH2 are splitted and

H2O and O2 released
52. If chloroplasts are disrupted and the

stroma is separated from the lamellae.
The isolated stroma will fix CO2 if it is
supplied with-
(1) Oxygen (2) Carotenoid
(3) Light (4) ATP + NADPH

53. Chloroplast lacks one of the following
pigments
(1) chlorophyll (2) carotene
(3) anthocyanin (4) xanthophylls

54. Chlorophyll can be extracted by
(1) water
(2) organic solvent
(3) inorganic solvent
(4) none of these

55. The following figure shows the

– Absorption
– Rate of potosynthesis

(1) action spectrum of photosynthesis super
imposed on absorption spectrum of
chlorophyll a
(2) action spectrum of photosynthesis super
imposed on absorption spectrum of
chlorophyll b
(3) both (1) and (2)

(4) absorption spectrum of carotenoids
superimposed on action spectrum of
photosynthesis

56. A chromatography paper is shown to you
and it is asked that which pigment is
represented by the yellow colour band

on the paper ?
1) Chlorophyll - a 2) Chlorophyll - b
3) Xanthophylls 4) Carotenes

MODEL TEST - 3

57. Recognise the figure and find out the
correct matching.

c

b

a

d

(1) a-primary acceptor, b- reaction centre,
c-pigment molecules, d-photon
(2) a-primary acceptor, b-reaction centre, d-
pigment molecules, c-photon
(3) b-primary acceptor, a-reaction centre, d-
pigment molecules, c-photon
(4) d-primary acceptor, a-reaction centre, b-
pigment molecules, c-photon

58. Reaction centre consists of
(1) Single molecule of Chlorophyll b
(2) LHC
(3) Single molecule of Chlorophyll a
(4) Single molecule of Chlorophyll a and
two molecular of Chlorophyll b

59. Cyclic flow of electrons during
photophosphorylation in plant involves
(1) PS-I only (2) PS-II only
(3) both PS-I and PS-II
(4) ATP-ase

60. Elements required for photolysis of water
(1) Mn, Ca and Cl (2) Mg , Ca and Cl
(3) Fe, Cl and Ca (4) Zn , Mn and Cl

61. NADP+ is converted into NADPH in
(1) Cyclic ETS (2) Non-cyclic ETS
(3) Calvin cycle (4) Photosystem-II

62. Photosystem-II occurs in
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(1) stroma lamellae (2) grana lamellae
(3) on surface of mitochondria
(4) on cytochrome

63. The movement of electrons as per Z-
scheme in light reaction is
(1) from low to high energy level
(2) uphill in redox potential scale
(3) downhill in redox potential scale
(4) both (2) and ((3)

64. The mobile carriers during non-cyclic
electron transport are
(1) plastosemiquinone and P700
(2) plastosemiquinone and phycocyanin
(3) plastosemiquinone and plastocyanin
(4) P680 and P700

65. Cyclic photophosphorylation produces
(1) NADPH (2)ATP and NADPH
(3) ATP and NADPH and O2
(4) ATP only

66. Which one occurs both during cyclic and
non-cyclic modes of
hotophosphorylation?
(1) involvement of both PS I and PS II
(2) formation of ATP
(3) release of O2
(4) formation of NADPH

67. Cyclic phosphorylation can not sustain
photosynthesis as
(1) PS I does not function beyond 680 nm
(2) no evolution of oxygen occurs
(3) unidirectional cyclic movement
electrons occurs(4) only ATP is formed ,
NADPH is not formed

68. Primary electron acceptor of PS II is
(1) pheophytin (2) plastoquinone
(3) cytochrome b (4) plastocyanin

69. In non - cyclic photophosphorylation, PS
I is reduced by
(1) electron from PS II
(2) electron from ferredoxin
(3) hydrogen from water
(4) hydrogen from PS II

70. In photosystem I, the first electron
acceptor is

(1) an Fe-S protein (2) ferredoxin
(3) cytochrome (4) plastocyanin

71. The process of photophosphorylation was
discoverd by

(1) Calvin (2) Arnon
(3) Priestley (4) Warburg

72. The electron flow from PS –II to NADP
via ETS and PS – I follows
(1) U p h i l l
DownhillUphillDownhill
(2) D o w n h i l l  U p h i l l
DownhillUphill
(3) D o w n h i l l  U p h i l l  U p h i l l
Downhill (4)
UphillDownhill DownhillUphill

73. The protons formed by splitting of water
arereleased in the
(1) Lumen of the thylakoids
(2) Outer side of the membrane
(3) Stroma of chloroplast
(4) Both (1) and  (2)

74. The PS II and PS I in Z-scheme are
connected by
(1) electron transport system
(2) light harvesting complex
(3) cyclic photophosphorylation
(4) non-cyclic photophosphorylation

75. Which one of the following statements
about the events of non-cyclic
photophosphorylation is not correct
(1) photolysis of water takes place
(2) only one photosystem participates
(3) ATP and NADPH are produced
(4) O2 is released

76. When two photosystems work in a series,
first PS-II and then PS-I, which process
occurs?
(1) Cyclic photophosphorylation
(2) Non-cyclic photophosphoylation
(3) Both (1) and (2) (4) None of these

77. Which process also occurs when only light
of wavelengths beyond 680 nm are
available for excitation?
(1) Cyclic photophosphorylation
(2) Non-cyclic photophosphoylation
(3) Both (1) and (2) (4) None of these
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78. In electron transport chain of
photosynthesis when P680 absorbs light  its
electrons are transferred to an electron
acceptor molecule and then P680 becomes
a
(1) strong reducing agent and splits a
molecule of water
(2) strong oxidising agent and splits a
molecule of water
(3) weak oxidising agent and splits a
molecule of ATP
(4) strong oxidising agent and splits a
molecule of CO2

79. In electron transport chain of
photosynthesis  oxidised P700 draws
electrons from photosystem II and
transfers electrons to
(1) ferredoxin and ferredoxin-NADP
reductase
(2) pheophytin   (3) water
      (4) CO2

80. The non cyclic electron transport chain
of photosynthesis is initiated by the
absorbance of light by the
(1) Photosystem II (P680)
(2) Photosystem I (P680)
(3) Photosystem I (P700)
(4) Photosystem II (P700)

81. In light reactions with the breakdown of
water, electrons are generated, which are
then passed to the
(1) Oxidised P700  (2) Reduced P700
(3) Reduced P680  (4) Oxidised P680

82. Biosynthetic reaction taking place in the
stroma, responsible for fixing CO2 and
synthesis of sugars needs
(1) NADPH+H+ (2) ATP
(3) Both (1) and (2)
(4) None of these

83. During cyclic photophosphorylation,
which of following events does not occur
(1) Electrons are transferred back to P680
(2) NADP+ is not available as an electron
acceptor
(3) NADPH will not be oxidised
(4) electrons from photosystem I are not

passed to NADP+

84. Oxygen gas released during
photosynthesis is formed during
(1) oxidative phosphorylation
(2) cyclic phosphorylation
(3) non-cyclic photophosphorylation
(4) substrate level phosphorylation

85. Which one of the following is concerned
with photophosphorylation?

(1) ADP + AMP Light energy ATP

(2) ADP+ Inorganic PO4
Light energy ATP

(3) ADP+ Inorganic PO4 ATP

(4) AMP+Inorganic Light energy ATP

86. Through which of the following substances
the Photosystem I passes an electron to
NADP during light reactions?
(1) cytochrome (2) ferredoxin
(3) plastocyanin (4) plastoquinone

87. The primary electron acceptor in cyclic
photophosphorylation is
(1) a protein that contains iron and sulfur
(2) carbon dioxide
(3) FAD (4) NADP

88. Read the following statements
(1) F0 part of ATPase is associated with

breakdown of proton gradient.
(2) a H+-carrier contributes in creation of

proton gradient.
(3) movement of electrons in ETS is

coupled to pumping of protons into the
lumen.

(4) formation of NADPH + H+ is related
with the creation of proton gradient.

How many of the above statements are
correct?
(1) Two   (2)  One  (3) Four   (4)  Three

89. How many components listed below are
part of cyclic ETS?
P700, P680, NADP reductase, Hydrogen ion
carrier, PS I, Water Splitting complex, PS II
(1) Two  (2)   Three (3) Five  (4)   Four

90. Which is sensitive to longer wavelengths
of light?
(1) PS II (2) PS I
(3) phosphorylation (4) photolysis

91. First reaction in photosynthesis is
(1) photolysis of water
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(2) excitation of chlorophyll molecules
(3) formaion of ATP (4) fixation of CO2

92. Free energy is released in cyclic
photophosphorylation.
(1) by the formation of ATP.
(2) during the excitation of chlorophyll
(3) during the fluorescence of chlorophyll
(4) during each of the redox reactions of
the electron transport chain

93. When non-cyclic photophosphorylation
changes to cyclic photophosphorylation,
the excited electrons leaves PSI and goes
back to__________  to make
more_______
(1) b6 - f complex, ATP
(2) b6 - f complex, ADP
(3) b6 - f complex, NADPH
(4) b6 - f complex, NADPH2

94. Photophosphorylation is the process in
which
(1) CO2 and O2 unite
(2) phosphoglyceric acid is produced
(3) aspartic acid is formed
(4) light energy is converted into chemical
energy through production of ATP

95. Select the correct match for  Column I
and Column II.
Column-I
a. OEC
b. NADP reductase
c. Succinyl CoA
d. Pheophytin
Column-II
(i) Primary electron acceptor
(ii) Photolysis of H2O
(iii) Outer surface of
thylakoid membrane
(iv) C h l o r o p h y l l
synthesis
(1) a(ii) , b(iii) , c(iv) , d(i)
(2) a(ii) , b(iii) , c(i) , d(iv)
(3) a(iii) , b(i) , c(ii) , d(iv)
(4) a(i) , b(ii) , c(iii) , d(iv)

96. Select the incorrect statements from the
following with regard to Z scheme of
electron transport in light phase of
photosynthesis.
I) The movement of electrons from

pheophytin to P700 is downhill
II) The transport of electrons from primary

electron acceptor of PS-I toNADP+ is
downhil
III) OEC complex is associated with the

PS-II and is physically located on the
other side of the thylakoid membrane
facing the stroma.

IV) O2 is one of the net products of
photosynthesis

(1) I,II and III only (2) I,II and IV only
(3) III only (4) II,III and IV only

97. In the below schematic diagram, which is
plastocyannin?

 

a
b

c
d

cyt f
PSIPSII

4e– P680

2H O2

4H+O2

(1) a (2) b (3) c (4) d
98. In the two light reactions of photosynthesis

(1) PS I produces strong oxidant while  PS
II a strong reductant
(2) PS I produces strong reductant  NADPH
while PS II a strong oxidant
(3) PS I emits electrons for PS II
(4) PS I produces ATP which is not  formed
by PS II

99. Recognise the given figure and find the
correct match.

e acceptor–

e acceptor–Light

a b

d

c

NADP+

ADP + iP

Electron
transport
system

LCH

LCH
H O     2e  + 2H  + [O] 2

– +

(1) a-PS I,b-PS II,c-ATP, d-NADH
(2) a-PS II, b-PS I, c-NADH, d-ATP
(3) a-PS I,b-PS ii,c-NADPH,d-ATP
(4) a-PS I,b-PS ii, c-NADPH,d-ATP

100.The following (P through U) are the main
steps of chemosynthetic ATP synthesis in the
light reaction. Which answer places them in
correct order?
P. H+ concentration gradient established
Q. H+ diffuses through ATP synthetase
R. Carriers use energy from electrons to
move H+ across the membrane
S. Electrons from PSII pass along  electron
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transport chain
T. Light excites electrons in PSII
U. Energy of H+ flow is used by ATP
synthetase to make ATP
(1) PQTSRU
(2) STPQRU
(3) TSRPQU
(4)  TSRUQP

101.Mutation that inactivates cytochrome
system would
(1) inhibit movement of electrons from PSI
to PSII
(2) inhibit movement of e– from PSII to PSI
(3) promote NADPH + H+ formation
(4) promote photolysis of water

102.Recognise the given figure and find out
the correct match.

e acceptor–

a

A
D

P 
+

 iP

b

d

Light

c

A
T

P

(1) a-PS I,b-P700 ,c-ETS,d-Cyclic
photophosphorylation
(2) a-PS II, b-P600,c-ETS,d-Cyclic
photophosphorylation
(3) a-PS II, b-P700, c-Z-scheme,d-ETS
(4) a-PS I,b-p680,c-ETS,d-Cyclic photo
phosphorylation

103.During light reaction, as electrons move
through photosystems, protons are
transported across the membrane. This
happens because of -
(1) The primary acceptor of e– (located
towards the outer surface of the membrane)
transfers its electron not to an e– carrier but
to H+ carrier
(2) The primary acceptor of e– transfers only
its e– to e– carrier
(3) The primary acceptor of e– transfers only
H+ to the next carrier
(4) NADP- reductase is present in grana

104.Select an incorrect statement for
noncyclic photophosphorylation
(1) it is a result of an interaction of
photosystem I and photosystem II.
(2) in it there is a continuous flow of
electrons from water to photosystem I to
photosystem II

(3) electrons are  finally transferred  to
NADP
(4) electron flow from water to NADP is
unidirectional

105.Chemiosmotic hypothesis was proposed by
(1) Melvin Calvin (2) Hatch and Slack
(3) Peter Mitchell (4) Daniel Arnold

106.The creation of proton gradient across the
thylakoid membrane is result of
(1) decrease in proton number in stroma
(2) accumulation of protons in the lumen
(3) decrease of pH in the lumen (4) all of
the above

107. In photosynthesis, energy for attaching
phosphate to ADP in photosystem II comes
directly from
(1) oxidation of glucose (2) reduction of
glucose
(3) a proton gradient
(4) substrate-level phosphorylation

108.Number of  H+ that must be transported
through ATP synthase or coupling factor
(CF0 – CF1) to form one ATP is
(1) one     (2)  two (3) three     (4)  four

109. In chemiosmotic hypothesis for energy
generation in chloroplat
(1) electron transport carriers set up a proton
gradient
(2) a pH gradient drives the hydrolysis of ATP
to ADP
(3) ATP must be continuously translocated
into the chloroplast

         (4)the electron carriers use electrons for
synthesis of  ATP

110. ATP synthesis in chloroplast and
mitochondria is due to proton gradient
across the membrane. Select correct
statement w.r.t. ATP formation in
chloroplast
a) Proton accumulates in lumen of thylakoid
b)Splitting of water occurs on inner side of
membrane
c)Proton accumulates in stroma side of
chloroplast
d)NADP reductase is located on stroma side
of membrane
(1) Only (a) and (b) are correct
(2) Only (b) and (c) are correct
(3) Only (c) and (d) are correct
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(4) (a) , (b) and (d) are correct
111. The thylakoid membrane bears several

F0-F1 particle / ATPase /ATP synthase.
Which of following is correct for these
particles ?
(1) One of its part (F0) is embedded in the
membrane and forms transmembrane channel
that carries out facilitated diffusion of
protons across the membrane
(2) Its other part (F1) protrudes out from the
outer surface of the thylakoid membrane
facing towards stroma
(3) The catalytic sites for ATP formation are
located in (F1) part
(4) All the above

112. Examine the figure given below and select
the right option giving all the four parts
(a, b, c, d) correctly identified.

    

Stroma
(low low H )+ Light H+

PQ

PQH2

Cytochrome
B6f

Plastocyanin
Plastoquinone

H+

H+

H+ H+

H+

CF0

H O2

1
O H22



Oxidation
of water

Thylakoid
membrane

High
Electrochemical

Potential
Gradient

Low

ATPADP + Pi

H+

Stroma

Light

NADP+
NADPH+ H

FNR
Fd

PC

Lumen
(high H )+

CF1

A

B

C

D

Options
(1) a- Photosystem-II, b-Thylakoid
membrane,
c-Photosystem-I, d-ATP  synthetase
(2) a - P h o t o s ys t e m - I , b - T h yl a k o i d
membrane,
c- Photosystem-II,d-CF1
(3) a- Photosystem-I, b-Inner chloroplast
membrane,c-Photosystem-II, d-CF0
(4) a - Ph o t o s ys t e m-I I , b -T h yl a ko i d
membrane,
c-Cytochrome b and f,d-CF1

MODEL TEST - 4

113. Biosynthetic phase is called as dark
reaction because

(1) it depends on the light reaction
(2) it does not depend on the light
(3) it does not depend on NADPH
(4) it does not depend on ATP

114. In C4 plants, CO2 combine with PEP in
presence of
(1) PEP carboxylase (2) R u B P
carboxylase (3) RuBP oxygenase
(4) Hydrogenase

115. Dark reaction of photosynthesis is called
so because
(1) it occurs in dark only
(2) it is not directly light driven
(3) it is directly light driven

(4) it occurs more rapidly in night
116. The initial enzyme of Calvin cycle is

(1) Ribulose 1, 5 bisphosphate carboxylase
(2) Triose phosphate dehydrogenase
(3) Phosphofructokinase
(4) Cytochrome oxidase

117. How many Calvin cycles form one hexose
molecule?
(1) 2        (2) 6 (3) 4             (4) 8

118. The carbon dioxide acceptor in Calvin
cycle/C3-plants is
(1) phospho - enol pyruvate (PEP)
(2) ribulose 1,5-bisphosphate (RuBP)
(3) phosphoglyceric acid (PGA)
(4) ribulose monophosphate (RMP)

119. Algae employed by Calvin et al in
experiments on photosynthesis belong to
(1) Euglena and Scenedesmus
(2) Chara and Chlorella
(3) Chlamydomonas and Chlorella
(4) Chlorella and Scenedesmus

120.Which technique has helped in the
investigation of Calvin cycle

(1) X-ray crystallography (2) X-ray
technique

(3) radioactive isotope technique
(4) intermittent light

121. In C3 plants first stable product of
photosynthesis during dark reaction is
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(1) PGA

(2) PGAL

(3) RuBP

(4) Oxaloacetic  acid

122. In C4-pathway initial carbon dioxide
fixation occurs in chloroplasts of

(1) Guard cells (2)  mesophyll
(3) bundle sheath (4) all the above

123. In C4 plants , synthesis of sugars/final CO2
fixation occurs in

(1) palisade cells (2) spongy cells

(3) undifferentiated mesophyll cells
(4) bundle sheath cells

124.The first carbon dioxide acceptor in C4-
plants is

(1) phosphoneol - pyruvate
(2) ribulose 1,5-diphosphate

(3) oxaloacetic acid
(4) photophoglyceric acid

125.C4 plant shows effeciency even in

(1) low concentration of CO2
(2)  low temperature

(3) high CO2 concentration
(4) at low water availability

126.The unique uneconomical process which
is mediated by RuBisCO is

(1) respiration (2) photorespiration
(3) photosynthesis (4) transpiration

127.Photorespiration is affected by

(1) temperature (2) light intensity
(3) CO2 and O2 (4) all of the above

128.During day time, CAM plants procure
carbon dioxide for photosynthesis from

(1) pyruvic acid (2) oxaloacetic acid
(3) oxalic acid (4) malic acid

129.CAM occurs in

(1) thin green leaves with reticulate venation
(2) thin green leaves with parallel venation

(3) thin coloured leaves

(4) fleshy green leaves

130.Three stages of Calvin cycle are
(1) Carboxylation, oxidation and reduction
(2) Oxidation, reduction and carboxylation
(3) Carboxylation, reduction and oxidation
(4) Carboxylation, reduction and regenartion

131.The enzyme RuBP carboxylase
(1) Activity occurs in C3 and C4 plants
(2) Is present in inner thylakoid membrane
(3) Is low temperature sensitive enzyme
(4) Shows greater affinity for O2 than for
CO2

132.Calvin cycle involves
(1) oxidative carboxylation
(2) reductive carboxylation
(3) oxidative decarboxylation
(4) reductive decarboxylation

133.After World War II who used radioactive
C14 in  algal photosynthesis and worked
out the complete biosynthetic pathway of
photosynthesis?
(1) Hatch (2) Slack
(3) Melvin Calvin (4) Hill

134. In C3 cycle the regeneration of RuBP from
glyceraldehyde- 3-phosphate requires
(1) ATP molecule (2) NADPH
(3) CO2 (4) Both (1) and (2)

135. In which step of C3 cycle glucose is
formed?
(1) Carboxylation (2) Reduction
(3) Regeneration (4) All of these

136.The formation of PGA in dark reactions
is called as
(1) carboxylation (2) photorespiration
(3) oxygenation (4) reduction

137. Identify the correct sequence of enzyme
given below which participate in the
regeneration phase of Calvin cycle.
I) Triose phosphate isomerase
II) Ribulose-5-phosphate kinase
III) Transketolase IV) Aldolase
(1) I,IV,III,II (2) II,IV,III,I
(3) IV,I,III,II (4)  III,II,I,IV
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138.Arrange the following compounds in
ascending order based on the number of
carbons in them.
I) Erythrose II)   Sedoheptulose
III)  DHAP IV)  Xylulose
(1) III-I-IV-II (2)   II-IV-I-III
(3) IV-II-III-I (4)   III-IV-I-II

139.ATP is utilized in which one of these
reaction of C3-Cycle?

(1) PGABis PGA

II) Bis PGAG-3-P

III) G-3-PDHAP IV) RUMPRUBP

(1) I,II and IV (2)   II,III and IV

(3) II and III (4)   I and IV

140. If 36 CO2 molecules are fixed in C3 plant
what will be

a) The number of G-3P and

b) Erythrose-4- phosphate formed during the
dark reaction

(1) a=144,b=24 (2) a=144,b=28

(3) a=72,b=14 (4) a=72,b=12

141. In the present scenario of Calvin cycle,
the following carbon compounds exist in
monophosphate as well as bisphosphate
states.

(1) C3,C4 and C6 only

(2) C3,C5 and C7 only

(3) C3,C5,C6 and C7 only

(4) C3,C4,C5 and C7 only

142.What is the outline sequence by which
CO2 may be incorporated into starch by
photosynthesis ?

(1) PGA + CO2   RuBP  Triose (P )
Hexose (P ) Starch

(2) PGA + CO2   RuDP   Hexose (P)
Triose (P)   Starch

(3) RuBP + CO2  PGAHexose (P)
Triose (P) Starch

(4) RuBP + CO2   PGA    Triose (P)
Hexose (P )  Starch

143.Melvin Calvin conducted two sets of

experiments; In first set the Chlorella
was fed with 14CO2 for 3 seconds and in
the second set for 60 seconds. The
radioactivity of 14C was found to be
present in -

(1) 1-C of PGA in both the exposure

(2) 3-C of PGA in both the exposure

(3) The radioactivity of short-exposure in
1-C  and long exposure in 3-C of PGA

(4) The radioactivity of long exposure in 1-
C and of short exposure in 3-C of PGA

144.In a controlled experiment of
photosynthesis, CO2 supply is suddenly
withheld. which of the following will
accumulate in the plant cell?

(1) 3-phosphoglyceraldehyde

(2) ribulose bisphosphate

(3) glucose    (4) phosphoglyceric acid

145. Which set of terms most accurately
describes the pathway taken by a
molecule of CO2 from the atmosphere to
the point where it enters the Calvin cycle?

(1) Stomatal aperture, inter cellular space,
mesophyll cell, chloroplast

(2) Stomatal aperture, epidermal
cell,mesophyll  cell, chloroplast

(3) Stomatal guard cell, intercellular
space,mesophyll cell membrane, chloroplast

(4) Stomatal guard cell, intercellular space,
phloem serve tube, chloroplast

146.Carbon dioxide joins the photosynthetic
pathway in

(1) PS I (2) PS II

(3) light reaction (4) dark reaction

147.Light energy is converted in to chemical
energy during light dependent phase  and
chemical energy is used to

(1) help in photolysis of water

(2) produce ATP and NADPH2

(3) reduce carbon dioxide to carbohydrate

during light independent phase

(4) both  (1) and  (2)
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148.During photosynthesis when PGA is
changed into phosphoglyceraldehyde,
which of the following reaction occurs?

(1) Oxidation (2)  Reduction

(3) Electrolysis (4)  Hydrolysis

149.Ribulose biphosphate carboxylase
(RuBisCO) enzyme catalyses the reaction
between
(1) Oxaloacetic acid and acetyl CoA
(2) CO2 and ribulose 1,5 biphosphate
(3) Ribulose biphosphate and
phosphoglyceraldehyde
(4) PGA and dihydroxyacetone phosphate

150.What is correct about Dark Reaction?
(1) It is called Hill reaction
(2) It is a chemo synthetic path way
(3) It is independent of temperature
(4) All of the above

151.During Calvin Cycle pathway ATP and
NADPH+H+ is utilized for the reduction
of
(1) RUBP (2) PGA
(3) PEP (4) OAA

152.Choose the correct combinations of
labelling in Calvin cycle.

ADP

ADP
+

+
NADP

ReductionReduction

Carboxylation

Regeneration Calvin Cycle

P  + NADPi

+

Sucrose, starch

Atmoshpere

  CO  + H O2 2

ATP

ATP

(a)

(b)

( c)

(1) a-RuBP,b-Triose phosphate,c-PGA
(2) a-PGA, b-RuBp, c-Triose phosphate
(3) a-PGA,b-Trisose phosphate,c-RuBP
(4) a-RuBP,b-PGA,c-Triose phosphate

153.When 12 CO2 molecules are utilized in
C3 

 cycle, number of triose phosphates
exported out from the chloroplast into the
cytosol for the synthesis of hexose will be

(1) 2 (2) 4 (3) 6  (4) 12

154.What is the number of ATP utilized during
regeneration of 3 molecules of RUBP
from 5 molecules of G-3P?
(1) six   (2) twelve (3) three     (4) five

155. Identify the incorrect statement w.r.t
Calvin cycle
(1) 18 molecules of ATP are synthesised
during carbon fixation
(2) NADPH + H+produced in light reaction
is  used to reduce bisphosphoglycerate
(3) The carboxylation of RUBP is catalysed
by RuBisCo
(4) The first stable intermediate compound
formed is phosphoglycerate

156. In terms of the spatial organization of
photosynthesis within the chloroplast,
what is the advantage of light reactions
producing ATP and NADPH2 on the
stromal side of the thylakoid membrane?

(1) Water is more in thylakoid

(2) Light reaction occurs in stroma

(3) Dark reaction / Calvin cycle occurs in
grana and needs ATP + NADPH2

(4) The Calvin Cycle, which consumes ATP
and NADPH2 occurs in stroma

157.The reactions of Calvin cycle not directly
dependent on light, but they usually do
not occu152. Choose the correct
combinations of labelling in Calvin cycle.

ADP

ADP
+

+
NADP

ReductionReduction

Carboxylation

Regeneration Calvin Cycle

P  + NADPi

+

Sucrose, starch

Atmoshpere

  CO  + H O2 2

ATP

ATP

(a)

(b)

( c)

(1) a-RuBP,b-Triose phosphate,c-PGA
(2) a-PGA, b-RuBp, c-Triose phosphate
(3) a-PGA,b-Trisose phosphate,c-RuBP
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(4) a-RuBP,b-PGA,c-Triose phosphate r at
night - Why?
(1) Night is often too cold for these reactions
to occur

(2) CO2 concentration in night is too high
for these reactions to occur

(3) Plants usually open their stomata at night

(4) Calvin cycle is dependent on the
products of light reaction

158.  How many ATP is needed to generate one
molecule of RuBP in Calvin Cycle ?

(1) 6 (2) 2 (3) 1 (4) 18

159. The scientists believed that since the first
product was C3 acid, the primary CO2
acceptor would be -

(1) C2 - compound (2) C3 - compound

(3) C5 - compound (4) C6 - compound

160. The key compound of Calvin cycle is

(1) PGA (2) PGAL

(3 DHAP (4) BisPGA

161. Select an incorrect statement for C3 cycle

(1) ATP and NADPH2 are utilised.

(2) With the reduction of PGA,
glyceraldehyde  3- phosphate is formed.

(3) Triose phosphates act as precursors for
the synthesis of sucrose and starch

(4) The regeneration of RuBP from
      glyceraldehyde- 3-phosphate requires no
ATP   molecule

162. Select an incorrect statement for
Biosynthetic Phase (Dark reactions) of
photosynthesis

(1) This process does not directly depend
on the presence of light

(2) This process is dependent on the
products of the light reaction

(3) Immediately after light becomes
unavailable,the biosynthetic process
continues for some  time and then stops

(4) Use of radioactive N15 in algal
photosynthesis studies led to the discovery

163. Agranal chloroplasts are a characerstic

feature of one of the following

(1) bundle sheath of sugarcane leaves

(2) mesophyll of pea leaves

(3) bundle sheath of mango leaves

(4) mesophyll of maize leaves

164.Which of the following is not
characteristic bundle sheath cells in
Kranz anatomy of leaves?

(1) large number of chloroplasts

(2) thin walls pervious to gaseous exchange

(3) no intercellular spaces

(4) all of the above

165.The primary CO2 acceptor is a 3-C
molecules present in the mesophyll cells
in C4 pathway, called

(1) PGAL (2) PGA

(3) PEP (4) OAA

166. In C4 pathway, CO2 fixation in mesophyll
cell is carried out by the enzyme

(1) PEP carboxylase

(2) Pyruvate dehydrogenase

(3) Rubisco

  (4) Pyruvate decarboxylase

167. In case of C4-pathway

(1) CO2 combines with PGA

(2) CO2 combines with PEP

(3) CO2 first combines with RuBP

(4) CO2 combines with RMP

168.Which of the following statements
regarding C4 plants is false?

(1) the primary CO2 acceptor is a 5-carbon
molecule

(2) the initial carboxylation reaction occurs
in mesophyll
(3) Calvin pathway does not take place in
the mesophyll cells but does so only in
bundle sheath cells
(4) leaves that fix CO2 have two cell types

169.As compared to C3 plants,how many
additional molecules of ATP are needed
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for net production of one molecule of
hexose sugar by C4 plants?
(1) two (2)  six
(3) twelve (4)  zero

170. In C4 plants bundle sheath shows

(1) large intercellular spaces and thick
walled cells

(2) large intercellular spaces and thin
walled cells

(3) thick walled cells having many
chloroplasts and no inter cellular
spaces

(4) thin walled cells with granal
chloroplasts

171.C4 plants have higher net photosynthetic
rate because
(1) They have no photorespiration
(2) They have PEP as CO2 acceptor
(3) They can photosynthesize in low light
intensity
(4) They have Kranz type of anatomy

172. In C4 pathway regeneration of PEP occurs in

(1) epidermal cells of laeves
(2) cytosol of bundle sheath cells
(3) chloroplast of mesophyll cells
(4) chloroplast of bundle sheath cells

173.During the synthesis of one molecule of
glucose as net gain the number of CO2
molecules required and turns of Calvin
cycle to be operated respectively are
(1) six and two (2)  six and six
(3) six and three (4)   two and six

174.Which does not show HSK pathway?
(1) maize (2) jowar
(3) sugarcane (4) sunflower

175.Total energy requirement for fixing one
CO2 in C4 cycle is -
(1) 5 ATP + 4 NADPH+H+

(2) 3 ATP + 4 NADPH+H+

(3) 5 ATP + 2 NADPH+H+

(4) 8 ATP + 2 NADPH+H+

176.Number of carboxylations in C4 cycle is
(1) four (2) three   (3) two    (4) one

177.C4 plants are more expensive in terms of
ATP required for CO2 fixation, the
additional number of ATP required by C4
plants in comparison to C3 plants is
(1) 6 ATP (2) 12 ATP
(3) 18 ATP (4) 24 ATP

178.Secondary acceptor of CO2in C4 plants is
(1) PEP (2) RUBP
(3) PGAL (4) Rubisco

179.CO2 fixation in bundle sheath cells occur in
(1) C4 plants (2) C3 plants
(3) CAM (4) all of these

180.PEPcase has an advantage compared to
RuBisCo. The advantage is that -
(1) PEPCase conserves energy but RuBisCo
does not
(2) RUBISCO combines with O2, but PEP
case does not
(3) PEPCase combines with O2 but
RuBisCo does not
(4) PEPCase is present in both mesophyll
and bundle sheath but RuBisCO is not

181.Hatch and Slack pathway (HSK pathway)
is otherwise known as C4-cycle because -
(1) The first stable product is oxaloacetic
acid  OAA which is a C4-compound
(2) The primary CO2 acceptor is OAA, a
C4 compound
(3) All intermediate metabolites are C4-
compounds
(4) At one time 4CO2 molecules take part
in carboxylation pathway

182.All C4 plants show Kranz anatomy and it
is -
(1) Environmentally determined
(2) Non-gentically determined
(3) Edaphically determined
(4) Genetically determined

183.Which of the following photosynthetic
characteristics are present in C3 plants
but not in C4 plants?
I. )CO2 compensation point of 0-10 ppm
II..) Relatively higher rate of
photorespitratory CO2 evolution
III. ) Presence of well developed bundle
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sheath
IV.)  Initial involvement of RUBP
carboxylase in CO2 assimilation
Select the correct answer using the codes
given below
(1) I,II,III (2) I,II,IV (3) I,III  (4) II,IV

184.Given below are some characterstics of
photosynthetic plants.Which of these are
true for C4 plants
i) RuBisCo is present in the mesophyll
cells
ii) 3-carbon compound is the primary CO2
acceptor
iii) The primary CO2 fixation product is
PGA
iv) Possess PEP case
v) The initial carboxylation reaction occurs
in bundle sheath cells
vi) The Calvin cycle takes place in bundle
sheath cells
vii)4-carbon compound is the primary CO2
fixation product
(1) (i) ,(iv) ,(v) ,(vii)   (2) (i) ,(ii) ,(iii)
,(iv) ,(vii)
(3) (ii) ,(iii) ,(iv) ,(vi) ,(vii)
(4) (ii) ,(iv) ,(vi) ,(vii)

185.Dicarboxylic acid cycle is also known as
(1) Calvin cycle    (2) Hatch and Slack
cycle
(3) EMP cycle     (4) TCA cycle

186.Choose the correct statement for the
fixation of one CO2 molecule
(1) 3 ATP and 2 NADPH are required
through Calvin cycle
(2) 5 ATP and 2 NADPH are required
through hatch and slack
cycle
(3) Photochemical reactions are involved

in photolysis of water and
phosphorylation of ADP into ATP
(4) All of the above

187.C4 plant differ from C3 plant with respect
to
(1) number of ATP molecule consumed
(2) first product
(3) substrate which accepts carbon dioxide

(4) all of the above
188. The first step of CO2 fixation in Hatch

and Slack’s pathway in plants is
(1) formation of  OAA by carboxylation of

PEP in bundle sheath cells
(2) formation of  OAA by the carboxylation
of RUBP in mesophyll
cells
(3) formation of  PGA in mesophyll cells
(4) formation of  OAA by carboxylation of

PEP in mesophyll cells
189. Choose the correct combination of

labelling 1-5.

1

Plasmo-
desmata

Atmospheric CO2

Plasma 
membrane

Cell wall

HCO-

3 Phosphoenol 
pyruvate

C acid4 C acid3 

3 4

5 C acid3

2 Transport

Fixation by 
Calvin cycle

Transport

C acid4

 CO2

(1) 1- Mesophyll cell, 2-Bundle sheath
cell,3- Regeneration,4-
Fixation,5-ecarboxylation
(2) 1-Bundle sheath cell, 2-Mesophyll
cell,

              3- fixation,4-Regeneration,
 5 - Decarboxylation

(3) 1-Mesophyll cell, 2-Bundle sheath
cell,

              3-Fixation,4-Decarboxylation,
         5- Regeneration
(4) 1-Mesophyll cell, 2-Bundle sheath
cell,

             3- fixation,4- regeneration,
   5-Decarboxylation

190.The loss of water in C4 Plants compared
to C3 plants for the same amount of CO2
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fixed is
(1) half (2) one third
(3) one fourth (4) double

191.RuBisCO in C4 plants shows minimum
oxygenase activity due to
(1) Abundance of RuBisCO
(2) Formation of C4 acid
(3) Decarboxylation of C4 acid
(4) Cyclic photophosphorylation

192. Identify the wrong statement from the
following
(1) Calvin cycle occurs in all photosynthetic
plants
(2) RuBisCo is present in both C3 and C4
plants
(3) Chemiosmosis requires a membrane, a
proton pump, a proton gradient and ATP ase
(4) Sucrose and starch synthesis occur in
the thylakoid lumen also

193. In the given statements I- VI
I. The most abundant enzyme in the

world.
II. Its active site can bind to both CO2

and O2 hence the name.
III. Has a much greater affinity for CO2

thanO2.
IV. The relative conc. of O2 and CO2

determines which of the two will bind
to the enzyme.

V. It is present in all photosynthetic
plants.

VI. It is present in chloroplast.
The above facts are characteristic of
which enzyme ?
(1) PEPCase
(2) RuBisCo
(3) Hexokinase
(4) Nitrogenase

194. In an experiment studying photosynthesis
performed during the day, you provide a
plant with radioactive carbon dioxide
(14CO(2) as a metabolic tracer. The 14C
is incorporated first into oxaloacetic acid.
The plant is best characterized as a -
(1) C4 plant (2) C3 plant

(3) CAM plant (4) Heterotroph
195. The basic feature of typical C4 plants

showing ‘Kranz’ anatomy is
(1) the presence of chloroplasts in bundle
sheath and epidermal cells
(2) the presence of chloroplasts in
mesophyll and epidermal cells
(3) the presence of typical chloroplasts with
well-formed grana in bundle sheath cells and
rudimentary chloroplasts in the mesophyll
cells
(4) the presence of non granal chloroplasts
in bundle sheath cells and typical granal
chloroplasts in mesophyll cells

196.Which of the following statements is false
in case of C4 -plant ?
(1) CO2 acceptor is RuBisCO in mesophyll
cell
(2) Carboxylation occurs in mesophyll cells
(3) Leaves have two cell types
(4) Mesophyll cells lack RuBisCO

197.C4 plants can go on photosynthesizing
even in
(1) Lesser CO2 level (2) Lesser salts level
(3) Lesser water level
(4) Lesser light intensity

198.The first stable product of CAM cycle is
(1) Oxalic acid (2) Malic acid
(3) Oxalo-acetic acid(4) Pyruvic acid

199.Occurrence of C4 pathway in certain
plants (called C4 plants) in nature is an
outcome of
(1) A necessity  to get rid off  an apparently
wasteful process of photorespiration
(2) A necessity  to get rid off  an apparently
wasteful process of transpiration
(3) A necessity  to get rid off  an apparently
wasteful process of photooxidation
(4) A necessity  to get rid off  an apparently
wasteful process of solarisation

200.CO2,NADPH2,ATP ratio in C4 plants is
(1) 1:2:3 (2) 1:2:4  (3) 1:3:6 (4)  1:2:5

201. In C4 plants , CO2 acceptor in bundle
sheath cells is
(1) RuBP  (2)  PEP (3) OAA   (4)  PGA

202.CAM plants do not show photorespiration
due to
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(1) keeping stomata closed during day time
(2) using PEP carboxylase
(3) fixing CO2 into organic acid in night and
releasing CO2 during day
(4) performing Calvin cycle at night

203.CAM helps the plants in
(1) reproduction (2) conserving water
(3) secondary growth (4) d i s e a s e
resistance

204.The stomata of succulents takes up CO2

(1) during day (2)  during night
(3) early in morning (4)  at noon

205.Choose the incorrect statement among the
following.

(1) leaves are succulent in all CAM plants

(2) in CAM plants deacidification occur
during day time

(3) in CAM plants acidification occur
during night time

(4) in CAM plants phosphoenol pyruvic
acid is formed during night time

206.There is double fixation of CO2 both in
C4 and CAM plants. Which of the
following statements brings out the main
difference between the two?

(1) Carboxylising enzymes are different

(2) Fixation pathways are diffrent

(3) CO2 fixation in C4 plants is separated
by   space whereas in CAM plants, it
is separated by time

(4) The compensation points are different

207. Succulent xerophytes minimize water loss
by

(1) using the CAM pathway

(2) reducing the thickness of the leaf cutile

(3) having leaves with a large surface-to-
volume ratio

(4) using the C3 pathway

208.CAM pathway is similar to C4pathway.
However, they differ in

I) Lacking kranz anatomy

II) Both cycles occur in mesophyll

III) C4 cycles occur during night and C3

cycle occur during day
time

IV)  C3 cycles C4 cycle are separated by
space in C4 plants and by time in CAM
plants

(1) I-II-III (2)   I-III-II

(3) I-II-IV (4)   I-II-III-IV

209.In CAM plants, CO2 is taken up by the
____________ through stomata

(1) Green stems

(2) Leaves on green stems

(3) Leaves on non green stems

(4) Leaves on green stems during the day

210. In CAM pathway the first dicarboxylic
acid isformed as a resultant of

(1) night CO2 fixation

(2) decarboxylation of malic acid

(3) second CO2 fixation

(4) phosphorylation of pyruvic acid

211. CO2,NADPH2,ATP ratio in CAM plants is

(1) 1:2:3 (2)   1:2:4

(3) 1:2:5 (4)   1:2:6.5

212.First stable product of photorespiration is

(1) phosphoglycerate (2) glycolate

(3) serine (4) RuBr

213. In photorespiration ,from the chloroplast,
the glycolate is diffused to peroxisome,
where it is oxidised to

(1) Serine (2) Glycerate

(3) Glycine (4) Glyoxylate

214.Photorespiration is also called

(1) Photosynthetic Carbon Reduction (PCR)
cycle

(2) Photosynthetic Carbon Oxidation (PCO)
cycle

(3) Photooxidation

(4) Photosynthetic Double  Carboxylation
cycle

215.Substrate of photorespiration is

(1) OAA (2) Glycolic acid

(3) 3 PGA (4) PEP
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216.The process that creates an important
difference between C3 and C4 plants is

(1) photophosphorylation

(2) photorespiration

(3) temperature coefficicent

(4) all of the above

217.The oxygenase activity of RuBisCO
allows O2 to compete with CO2 for
combining with
(1) PEP (2) OAA
(3) RuBP (4) PGA

218. In Calvin cycle 1,3-bisphosphoglyceric
acid is reduced and dephosphorylated to
form
(1) 3-PGA (2)   G-3-P
(3) PEP (4)   RuBP

219.Number of G-3-P and DHAP molecules
required to regenerate 6 molecules of
RuBP in Calvin cycle respectively are
(1) 4,6     (2)  6,4 (3) 6,6    (4)  4,4

220.Common product formed due to the
activity of transketolase enzyme during
C3 cycle
(1) Ribulose-5-phosphate
(2) Ribose-5-phosphate
(3) Xylulose-5-phosphate
(4) Fructose-5-phosphate

221. In Calvin cycle, G-3-P reacts with
(1) DHAP, E-4-P, X-5-P
(2) DHAP, Fructose 1,6 Bisphosphate,
Ribose-5-Phosphate
(3) CO2, RuBP, DHAP
(4) DHAP, Fructose - 6 - phosphate,
Sedoheptulose - 7-phosphate

222.To produce 4 sucrose molecules the
number of ATP and NADPH + H+

required in C3 plants is
(1) 144 and 96
(2)  120 and 48
(3) 188 , 192
(4)   72 , 46

223.How much NADPH and ATP are utilized
in C4 cycle for the fixation of each CO2
molecule in mesophyll cell,respectively?

(1) one and two (2)   two and six
(3) two and eight (4)   two and three

224.How many turns of Calvin cycle must
occur if 9ATP and 6NADPH + H+ are
utilized giving a net gain of one molecule
of PGAL?
(1) one   (2) two (3) three    (4) six

225.Which match among the given is false?
(1) CO2 acceptor in the mesophyll cell of
maize is a  three-carbon compound
(2) common substrate in both the aldolase
catalysed reactions in PCR cycle-DHAP
(3) triose sugar formed by reduction of 1,3
bis phosphoglyceric acid in bundle sheath
cell of C4 plant-PGA
(4) common product produced in both the
transketolase catalysed reactions in PCR
cycle- xylulose-5-phosphate

226.During dark reaction the three carbon
atoms of 3-PGA are derived from
(1) RuBP only (2)  CO2 only
(3) RuBP+CO2     (4)   RuBP+CO2+PEP

227. In Calvin cycle which stage needs ATP?
(1) Carboxylation only
(2) Only regeneration
(3) Both carboxylation and reduction
(4) Both reduction and regeneration

228.No.of e- moved through noncyclic electron
transport to fix one CO2 molecule through
calvin cycle
(1) 8e–       (2) 2e– (3) 4e–     (4)   24e–

229.CO2, NADPH2, ATP ratio in C3 plants is

(1) 1:2:3     (2) 1:2:4 (3) 1:3:6    (4) 1:5:10

230. Inhibition of photosynthesis due to
photorespiration is a type of

(1) competitive inhibition

(2) non-competitive inhibition

(3) uncompetitive inhibition

(4) feed back inhibition

231. In photorespiratory pathway

(1) there is neither synthesis of sugars, nor of
ATP

(2) it results in the release of CO2 with the
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utilization of ATP

(3) some O2 does bind to RuBisCo and
hence CO2 fixation is decreased

(4) all of the above are correct

232. In photorespiration, releases of one
molecule of CO2 requires an input of how
many molecules of O2

(1) 6       (2) 3 (3) 4         (4) 2

233. The organelle where glycine is formed
during photorespiration is

(1) chloroplast ( 2 )
mitochondrion

(3) peroxisome (4)  glyoxysome

234.Photorespiration is favoured by

(1) High oxygen and low carbon dioxide

(2) High carbon dioxide and low oxygen

(3) High temperature and low oxygen

(4) High humidity and temperature

235.Read the statements I - V.

I. They have a special type of leaf anatomy.
II. They tolerate higher temperature.
III. They show a response to high light
insensities

IV. They lack photorespiration.

V. They have greater productivity of
biomass.The above characters are shown by-
(1) All monocots

(2) C2-plants

(3) All C2-plants

(4) All C4-plants

236. Choose the correct one for
photorespiration that occurs in C3 plants.

(1) photorespiration is common in plants
having high CO2 compensation point

(2) photorespiration is caused by high CO2
and low O2

(3) it is not affected by light, temparature

(4) all of the above

237. During photorespiration glycolic acid is
oxidised to glyoxylic acid inside

(1) chloroplast (2) peroxisome

(3) motochondria (4) lysosome

238. Identify the incorrect match.

(1) Regeneration of PEP – Mesophyll cells

(2) RuBP oxygenase activity – Chloroplast

(3) Photorespiratory loss of CO2 –
Cytoplasm

(4) Decarboxylation in C4 pathway – Bundle
sheath cell

239.During photorespiration, phosphorylation
as well as oxidation both occurs in

(1) centrosome (2)  peroxisome

(3) mitochondria (4)  chloroplast

240.During photorespiration RUBisCO uses
_____________ as a substrate -

(1) CO2 (2) NADPH

(3) O2 (4) 3-PGA

241.When the intensity of light falling on leaf
increases beyond a point, chlorophyll is
destroyed. This phenomenon occurs in the
presence of

(1) CO2 and is called photooxidation

(2) O2 and is called photooxidation

(3) O2 and is called photorespiration

(4) CO2 and is called photorespiration

242.During photorespiration, there is a loss of
_______ of fixed carbon and no energy
rich compound is produced.

(1) 10 per cent (2)  25 per cent

(3) 50 per cent (4)  75 per cent
243. In this figure X and Y are

X

Y

2-Phosphoglycolate3-Phosphoglycerate

(CO O)2 n

CO2 O2

RuBP

Rubisco

(1) C4  pathway and CO2

(2) CAM pathway and O2

(3) C2 cycle  and CO2
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(4) C4  cycle and O2

MODEL TEST - 5

244. If CO2 conc. increases upto 0.05% the
rate of photosynthesis -

(1) decreases
(2) increases for short terms

(3) first decreases and then increases
(4) becomes zero

245.At higher light intensities the rate of
photosynthesis decreases because of -

(1) other factors becoming limiting
(2) destruction/photoxidation of chlorophyll
(3) carotenoids are oxidised
(4) Both 1 and  2

246.Which plants respond to higher
temparature and show higher rate of
photosynthesis?
(1) C2 plants (2) C3 plants
(3) C4 plants (4) All of these

247.Which of the following factors does not
have direct effect on photosynthesis?
(1) CO2 (2)  Light
(3) Temeprature (4)  Water

248.Linear relationship exist between incident
light and rate of CO2 fixation at/in

(1) high light intensity (2)
low light intensity

(3) dense forests

(4) more than one option is correct
249.Which  of the following would not be

limiting factor in photosynthesis?
(1) O2 (2) high root pressure
(3) chlorophyll (4) light

250.The CO2 concentration at which C4 plants
show saturation is about
(1) 360 ppm (2) 380 ppm
(3) 450 ppm (4) 500 ppm

251.Black man’s law of limiting factor is
applicable to
(1) only photosynthesis
(2)only respiration
(3) any physical process
(4) any biochemical process

252. Deactivation of enzyme above 400C
affects the _______ of photosynthesis and
decreases the rate of photosynthesis.
(1) light reaction
(2) dark reaction
(3) photolysis of water
(4) excitation of chlorophyll

253. Plants adapted to low light intensity have
(1) higher rate of CO2 fixation than the sun

plants
(2) more extended root system
(3) leaves modified to spines
(4) larger photosynthetic unit size than the
sun plants

254. According to Blackman, photosynthesis
is affected by several factors but the role
of photosynthesis is limited by the
(1) Fastest step in the pathway
(2) Slowest step in the pathway
(3) Factor present in least amount
(4) Factor present in large amount

255. If water becomes a limiting factor it
influences
A. Gaseous exchange
B. Cellular expansion
C. Metabolic activity of cell
D. Enzymatic efficiency
(1) A and B only
(2)   A and C only
(3) A,B and C only
(4)   A,B,C and D

256.Find the incorrect match from the
following
(1) Plant factors of photosynthesis depends

on  Genetic predisposition and
growth of the plant

(2) Temperature optimum for
photosynthesis of different plants
dependsonly on the habitat to which
they are adapted

(3) Effect of water as a factor on
photosynthesis is Indirect

(4) Major limiting factor for
photosynthesis CO2

257.C3 plants show optimum photosynthesis at
(1) high O2          (2) high CO2
(3) low O2
(4) high temperature at 450C

258.Which of the given statement is incorrect
?
(1) C3 plants respond to tougher temperature,
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show higher photosynthetic rate while C4
plants have lower optimum temperature
(2) Tropical plants have higher temperature
optimum than the plants adapted to temperate
climate
(3) Light reaction is less temperature
sensitive  than dark reaction
(4) The effect of water as a factor is more
through its effect on plant, rather than directly
on photosynthesis

259.Which of the following graphs correctly
gives the relationship between the rate
of photosynthesis and light intensity?
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260. It is expected that CO2 concentration
could reach to a level of about 600 ml.L–1

by 2020. In such a case, the ________are
likely to be benefitted more than
the_________.

(1) C3 plants, C4 plants

(2) C4 plants, C3 plants

(3) CAM plants, C4 plants

(4) C4 plants, CAM plants
261. Figure shows the effect of light on the

rate of photosynthesis. Based on the
graph, anwer the following questions

Light intensity
D

A

B
E
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C

What does D represent on the curve ?
(1) Light is limiting factor
(2) CO2 is the limiting factor
(3) Factor other than light is limiting.
(4) Light saturation point under existing

conditions of other factors.

QUESTION BANK - I
1. Pigments which are not found in higher

plants are

1) Chlorophyll-a 2) Chlorophyll - b
3) Carotenoids 4) Phycobilins

2. ‘Photochemical’ phase includes
A)  Water splitting and O

2
 evolution

B)  Formation of ATP & NADPH
C)  Reduction of CO

2

D)  Synthesis of sugars
1)  C & D 2) A & D

3) A & C 4) A & B
3. Correct statements of the following with

regard to ‘Z’ scheme of e- transport.
A)  During non-cyclic e- transport of

light phase of photosynthesis, the
electrons moved from    PS-II are
replaced by the electrons due to splitting

of water.
B)  The electrons needed to replace

those removed from PS-I are provided
by PS-II

C)  Neither the electrons are used up as
they pass through electron transport
chain nor energy is used for the
production of NADPH.
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      A B C D
1) IV II III I

2)  IV I II III
3)  III II I IV
4)  I II III IV

7. PQ in ‘Z’ scheme of electron transport
of photosynthesis :
A)  ‘H’ carrier B)  Mobile carrier
C)  Involves in Quinone cycle
D)  Donates electron to the electron
carrier on the outer side of the
membrane
1) A, B & D correct 2) A, B only
correct 3)  B & D only
correct
4) A, B & C only correct

8. The immediate donor of electrons to PS-
II in non-cyclic electron transport is
1) FNR 2) Plastocyanin
3) Tyrosine 4) Pheophytin

9. Chemiosmosis requires :
A) a membrane B) proton
pump C) Proton
gradient D) ATPase
1) A, B, C & D 2) A, B & C
only 3) B, C & D
only 4) A & D only

10. F
0
 of ATPase :

A) Embedded in the thylakoid membrane
B) Forms a transmembrane channel for
movement of protons across the
membrane to stroma
C) Carries out facilitated diffusion of
protons across the membrane
D) Catalytic site of ATPase which
synthesizes ATP
1) A & D only
2) B & C only
3) A, B & D only
4) A, B & C only

11. This is not a difference between cyclic
and non-cyclic electron transport

D)  Both PS-I and PS-II are functional
1)  A, B, C & D 2) A, B & D only
3)  A, B & C only 4)  A & B only

4. Mis match of the following
1) Z  scheme – schematic representation of
photosynthetic e- transport from H

2
O to

NADP+ in line with respect to  redox
potential gradient
2) Chemiosmosis -  ATP generation from
ADP and iP driven by H+ gradient across
the membrane in mitochondria and
chloroplasts
3) Light reaction – phase of photosynthesis
driven indirectly by light
4) Redox potential – the tendency of a
molecule or atom to give or take up
electrons

5. Correct match of the following with
regard to non-cyclic/cyclic e- transport
A) Quinone cycle  – proton gradient
across the thylakoid  membrane
increases
B) Protons necessary for reduction of
NADP+ - Removed from lumen
C) Splitting of water molecule –
Accumulation of protons within the
lumen of thylakoids
D) Cyclic photophosphorylation in
green plants – Additional source of ATP
for chloroplast  activities over and
above that required in the Calvin cycle
1) A, B, C, D               2) A, B & C only
3) A & D only              4) A, C & D only

6. Match the following lists with respect to
non-cyclic electron transport.
List-I List-II
A)  Proton translocator I)   H

2
O

B)  Proton channel II)  F
0
 factor

C)  Proton reservoir  III) Lumen of
thylakoids
D)  Proton donor IV) PQ
The correct match is



148NARAYANA GROUP

1)  Utilization of longer wavelength of red
light

2)  Liberation of oxygen
3)  Involvement of only PS-I
4)  Production of NADPH

12. Biosynthetic phase (dark reaction)
continues for some time immediately
after light becomes unavailable. This is
due to
1) Dual nature of RubisCO
2) Light already harvested and stored in
LHC
3) Availability of some ATP and
NADPH+H+ 4) High turnover
capacity of stromal enzymes

13. ‘NADP’ reductase enzyme in
chloroplast is located
1) On the inner side of the thylakoid

membrane
2) On the stroma side of the thylakoid

membrane
3) In the stroma of chloroplast

4) In the lumen of the thylakoid
14. Accessory photosynthetic pigments

found in the thylakoid  membranes of
higher plants are
I) Chl. “b” II) Phycobilins
III) Carotenes IV) Xanthophylls
1) II, III & IV 2) I, II, III
3) I, III, IV 4) I, II, III, IV

15. If a photosynthetic organism is supplied
with C18O2 and H2O, the products of
Photosynthesis that exhibit radioactivity
are
I) H2O  II) C6 H12 O6   III) O2
1) I & II 2) I, III
3) II, III 4) I, II, III

16. Which of the following are not associated
with cyclic electron transport

     I) NADP reduction II) Photolysis of H2O
III)Quinone cycle IV) PSII
1) I, II, IV 2) I, III, IV
3) I & II 4) II & IV

17. Read the following table
   Col - I  Col - II  Col - III
 I) Chl. “b”  Yellow Green   Found in both

      PS I and PS II
II) Xanthophyll  Yellow

Found in P S II
Only

III) Chl “a” Blue Green     Not found in
LHC

IV) Carotenes Yellow - Orange Found in both

PS I and PS II

The correct combinations are
1) I, IV 2) II & III

3) I & II 4) III & IV
18.  Find out the incorrect statement

1) A graph showing the absorption of light
by pigments at different wavelengths is
called ‘Absorption spectrum’
2) Accessory pigments protect chlorophyll
‘a’ from photo oxidation
3) A graph showing the rate of
photosynthesis at different wavelengths of
light is called  ‘Action spectrum’
4) A

0
 is the primary electron acceptor in

PSII
19. The primary electron acceptor in PSII  is

1) Ferredoxin 2) PQ
3) Plastocyanin 4) Pheophytin

20. Cytochrome b/f complex contains.
I) Fe – S II) Cyt – f
III) Cyt . b

6
 H IV) Cyt . b

6
 L

1) I & II, III 2) II, III, IV
3) I, III, IV 4) I, II, III, IV

21. Photolysis of water is ( Note : During light
reaction of photosynthesis )
A) Associated with PS - II
B) Occurs on the lumen side of thylakoid
C) Needs oxygen Evolving complex
D) Not associated with cyclic electron
transport
1) A, B, C, D  are correct 2)B,C,D  only
correct
3) A, B, C only correct 4) B, C  only
correct

22. Study the following identify correct
match
          List – I List - II
A) Grana of chloroplast I) Cytochrome - a
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B ) O E C II) Light reaction
C) Stroma of chloroplast III) Dark
reaction

o f
photosynthesis
D) Reaction centre V) Photolysis of
  of PS-III water

V) Chlorophyll -
a

           A B C D
1)      I II III IV
2)      II IV III V
3)      II III IV V
4)      V IV I II

23. Identify the incorrect statement related
to light reaction of photosynthesis
1) ATP  and  NADPH + H+ are produced
in non - cyclic electron transport
2) Two photosystems are needed for non
cyclic electron transport
3) P 680 and P 700 are reaction centres of
PS-I, PS-II  respectively
4) The NADP reductase enzyme belongs
to
 class – I of IUB classification

24. Identify incorrect statement of the
following
1) ‘Variegated leaf experiment’ reveals the
importance of chlorophyll in
photosynthesis
2) J. Priestley and J. Ingenhousz used
similar experimental setup during their
investigations
3) Electron flow from A

0
 to NADP+ is

uphill.
4) PC is electron donor to PS I in non
cyclic electron transport

25. Ferredoxin is
1) A polynucleotide with iron and sulfur
2) Chlorophyll without Mg
3) A polypeptide with iron and sulfur
4) A copper contain protein

26. The protein complexes involved in
running the “Z” scheme are
I) PS II
II) Cytochrome bf. Complex
III) P S I

1) II Only 2) I & II Only
3) I & III Only 4) I, II, III

27. Match the following
I)   Plastocyanin    a) Pigment present in

legume roots
II)  Leghaemoglobin b) Pigment that forms

reaction centre
III) Chlorophyll        c) Accessory
pigments

in thylakoid
membranes

IV) Carotenoids    d) Protein involved in
electron transport

The correct match is
I II III IV

1) d c b a
2) d a b c
3) b c a d
4) b a d c

28.    Identify the incorrect match regard to
photosynthesis

             List-I
A) Evolution of oxygen
B) Light is essential
C) Starch is synthesized Priestley
D) Water is hydrogen donor
List-II
I) Ingen Housz
II) Van Neil
III) Joseph
IV) Engelman
V) Julius Von Sachs

1) A-III, B-IV, C-V, D-II

2) A-IV, B- III, C-I, D-V

3) A-III, B-I, C-V, D-II

4) A-V, B-IV, C-II, D-I

29. Photosynthesis and respiration have
which of the following in common ?

(1) In eukaryotes, both process occur in
specialised organelles

(2) ATP synthesis in both processes
relies on chemiosmotic mechanism

(3) Both use electron transport

(4) All of these
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30. Read the following lists

List – I

A) The primary electron  I  acceptor at PS-
II  B) Plastocyanin

C) P 680

D) Ferredoxin

E) P 700

List – II

I)Reaction centre of PS-I

II) Fe-S protein

III) Reaction centre of PS-II

IV) Pheophytin

V) Mobile electron  carrier on lumen side
of  thylakoid membrane

1) A - IV, B - V, C - III, D - II, E - I

2) A - IV, B - II, C - I, D - III, E - V

3) A - V, B - IIII, C - II, D - IV, E - I

4) A - III, B - IV, C - I, D - II, E – V

31. Identify the incorrect one

1) In all plants light phase takes in similar

way

2) During dark phase 2CO assimilation

takes place in two ways
3) In all plants PGA is first stable product

4) Dark phase is indirectly dependent on
light

32. Read the following statements :
Statement-A : Inorder to bypass the

photorespiration path, 4C  plants have

developed a mechanism to efficiently

deliver 2CO  to RUBISCO.

Statement-B : Instead of direct fixation

in PCR cycle of 3C  plants, 2CO  is

 converted to 4 Carbon organic acid

which has ability to regenerate 2CO  in

the bundle sheath cells of 4C  plants.

1) Both A & B statements are false
2) Both A & B statements are true

3) A is true , B is false
4) A is false , B is true

33. Identify the correct descending order of

the following based on the no.of ATP
utilized for

A) Synthesis of one hexose molecule by

4C  plant.

B) Regeneration of RUBP in 3C -cycle

in  which 2G3P is net gain.

C) Synthesis of one hexose molecule in
bundle sheath cell of  plant.

D) Regeneration of PEP in mesophyll
cellof  plant for pumping -  into bundle

sheath.
1) B, D, A, C 2) B, C, D, A
3) A, C, D, B 4) B, D, C, A

34. Primary carboxylation in  C
3  

plants and
secondary carboxylation in C

4
 plants

occur with the help of following
respectively

1) PEPcase & RUBISCO
2) RUBISCO & RUBISCO

3) RUBISCO & PEPcase
4) PEPcase & ATPase

35. In which of the following  fixation and
Calvin cycle are separated in time

1) 3C plants 2)  4C plants

3) CAM plants 4) All the above

36. If 18 ATP and 12 NADPH are utilized for
carbon reduction through PCR cycle,
what would be the ratio

of Erythrose-4-P,  Xyluloe-5-P and
Ribulose-5 - P, molecules f o rm ed

as intermediates in regeneration
phase of PCR  cycle respectively
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1) 3 : 1 : 2 2) 1 : 2 : 3
3) 3 : 2 : 1 4) 2 : 1 : 3

37. Identify incorrect statement with
regard to photosynthesis

1) Active site of RUBISCO can bind to
both  CO

2 
and O

2

2) Carboxylation in CAM pathway is
performed by PEP carboxylase

3) 18 ATP are required for the formation
of one hexose in C

3
 plants

4) Calvin cycle is operated in all

eukaryotic    O
2

evolving
photosynthetic organisms

38. Transketolase is an enzyme of calvin
cycle that catalyses reactions between G-

3-P and
I) Fructose 6-phosphate

II) Erythrose 4-phosphate
III) Ribulose-5-phosphate

IV) Sedoheptulose 7-phosphate
1) I & II    2) I & III 3) III & IV 4) I & IV

39. Which match is false
1) CO2 acceptor in the mesophyll cell of
maize   –  A 3-carbon compound

2) Common substrate in both the aldolase
catalysed reactions in PCR cycle  –  DHAP

3) Triose sugar formed by reduction of 1, 3
bis phosphoglyceric acid in bundle sheath

cell of C4 plants –   PGA
4) Common product produced in both the

transketolase catalyzed reactions in PCR
cycle   – xylulose-5-phosphate

40. Rubisco activity is regulated by

I) CO2         II) O2      III) Mg2+

1) I & II only 2) I & III only

3) II & IV only 4) I, II, III

41. Out of 6 molecules of triose phosphate

(G-3-P) , derived from three CO2
molecules incorporated by Rubisco, how

many are used for regeneration of RUBP

in calvin cycle

1) 1     2) 2 3) 4 4) 5

42. Which of the following feature is  not

associated with C4 plant

1) High photorespiration

2) Ability to tolerate high temperature

3) All green cells with calvin cycle enzymes

4) O.A.A. is the initial product of CO2
fixation in bundle sheath cells

43. Conversion of PGA to G-3-P in PCR cycle

involves

1) Oxidative decarboxylation

2) Decarboxylation and deamination

3) Phosphorylation and reduction

4) Reduction and transamination

44. The term ‘kranz’ anatomy refers to

1) Presence of large size chloroplasts in

bundle sheath cells

2) Presence of thick walls in bundle sheath

cells

3) Appearance of wreath of cells surrounding

the vascular bundles in C4 leaf

4) Presence of three type of cells in leaves

(palisade, spongy and bundle sheath) in C4
leaf

45. What will be the number of turns of calvin

cycle to generate one molecule of hexose

sugar

1) 4          2) 6 3) 8 4) 9

46.
Transketolase2A + 2G - 3- P

2xylulose - 5- phosphate + 2B

In the above reaction A and B are
respectively
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1) Sedoheptulose 7-phosphate and
erythrose-4-phosphate

2) Fructose-6-phosphate and ribose-5-
phosphate

3) Fructose-6-phosphate and erythrose-4-
phosphate

4) DHAP and fructose-6-phosphate

47. The first step of CO2 fixation in Hatch

and Slack’s pathway is

1) Formation of O.A.A by carboxylation of

PEP in bundle sheath cells

2) Formation of O.A.A by the carboxylation

of RUBP in mesophyll cells

3) Formation of PGA in mesophyll cells

4) Formation of O.A.A by carboxylation of
PEP in mesophyll cells.

48. For every CO2 molecule fixation through
hatch-salck path way number of ATP and

NADPH required is

1) 1ATP + 1NADPH 2) 2ATP + 1NADPH

3) 5ATP + 2NADPH 4) 1ATP + 0 NADPH

49. In C4 plants bundle sheath shows

1) Large inter cellular spaces and thick
walled cells

2) Large inter cellular spaces and thin
walled cells

3) Thick walled cells having many
chloroplasts and no inter cellular spaces

4) Thin walled cells with granal
chloroplasts

50. PGA as the first CO2 fixation product
was discovered first in the photosynthesis
of

1) Bryophytes 2) Gymnosperms

3) Angiosperms 4) Algae

51. Read the following statements

A) Only bundle sheath cells in C4 plants
carry out the biosynthetic calvin pathway,
yet they are highly productive

B) Photorespiration is a wasteful and
energy consuming process in crops and
ultimately results in reduction in yield of
crops

1) A-true, B-False 2) A & B are true
3) A & B are false 4) A-false, B-true

52. Which of the following is wrongly matched

1) Sorghum – kranz anatomy

2) Enzyme which catalyses the formation of
six carbon compound from two 3 carbon
compounds – aldolase

3) Enzyme which catalyses the formation of
seven carbon compound from a 4 carbon and
3 carbon compound – aldolase

4) The ratio between the number of CO2
molecules fixed to that of oxygen molecules
released in light reaction of C3 plants – 1: 2

53. A part of the biosynthetic phase occurs
during night in

1) Saccharum

2) Cactus

3) Sorghum 4) Chlorella

54. Study the following with reference to

Calvin cycle

I. 6C+A   4C+B    II. 7C+X   Y+5C

Choose the correct answer

      A       B   X      Y

1) G-3-P      Ribulose-5-P DHAP

    Xylulose-5-P

2) 3-PGA   Xylulose-5-P 1, 3-   Ribulose-5-P

BPGA

3) PGAL Xylulose-5-P G-3-P Ribose-5-P

4) GAP Ribose-5-P DHAP Xylulose-5-P
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55. Choose the correct ascending order of the

following, all with reference to Calvin

pathway

A. No. of ATP utilised in regeneration

phase if three 2CO are fixed

B. No. of PGAL isomerised to DHAP in

the regeneration phase if 2G – 3 – P are

exported  to cytosol

C. No. of hydrolysis steps involving

dephosphorylation for the formation of

½ hexose in regeneration.

D. No. of Triosephosphates involved in

regeneration of 3 RuBP

1) C, A, B, D 2) D, B, A, C

3) C, A, D, B 4) C, D, A, B

56. Choose the correct statement

1) The only tetrose sugar formed in Calvin

cycle is Erythrose

2) The only hexose formed in regeneration

phase is fructose -6-phosphate

3) In both the transketolation reactions,

reactants are same but products are different

4) Only two types of bisphosphates are

formed in Calvin cycle

57. How many molecules of triose are

removed from the Calvin pathway for

glucose synthesis if 24 ATP are utilised in

the reduction phase?

1) 8            2) 6 3) 4 4) 2

58. In C
4
 plants atmospheric 2CO doesn‘t

enter the bundle sheath cells as such

because

1) Wreath like bundle sheath

2) Chloroplast dimorphism

3) Cell walls of bundle sheath cells are

impervious to gases

4) Absence of photorespiration

59. Statement - A : RuBisCO has much

greater affinity for CO
2
 than O

2

Statement - B : Pepcase has much

greater affinity for CO
2
 compared to

RuBisCO

1) A true, B false 2) A false, B true

3) A and B false 4) A and B true

60. Which of the following factor is

dependent on the genetic predisposition

of  the plant?

A. Organization of mesophyll

B. Amount of chlorophyll

C. Internal level

1) A and C only 2) B and C only

3) A and B only 4) A, B and C

61. During photosynthesis, if 18
2CO  is fed to

, Chlorella, then 18O  is observed in the

following product/s

1) Carbohydrate 2) Product water

3) Evolved 4) 1 and 2

62. The first triose formed in Calvin cycle  is

1) X-5-P 2) G-3-P 3) E-4-P 4) DHAP

63. Find the number of ATP involved in

regeneration of RuBP  in main

biosynthetic path way of a C
4
 plant to

form one glucose molecule.

1) 3        2) 6 3) 15 4) 9

64. The ratio between the number of CO
2

fixed through Calvin cycle  and that of

ATP utilized in it’s regeneration phase

is

1) 1:3       2) 1:2 3) 1:5 4) 1:1
65. Photorespiration is a wasteful process

because it involves the
1) Release of CO

2
 by consuming O

2

2) Less synthesis of sugars
3) Release of CO

2
 by utilizing ATP

4) More utilization of ATP, NADPH+ H+

than their production
66. Pickout the correct statement from

following
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1) Rubisco is the universal carboxylation
enzyme in all oxygenic autotrophic
organisms
2) Chlorophyllous cells without Rubisco
enzyme are never found in photosynthetic
plants
3) CO

2
 saturation point is low for C

3

plants but high for C
4
 plants

4) CO
2
 is the major limitting factor of

photosynthesis in C
3
 plants but not in C

4

plants
67. If ‘X’ molecules of ATP are utilized to

produce one molecule of glucose during
photosynthesis of a C

3
 plant and ‘Y’

molecules of ATP are formed through
substrate level phosphorylation during
the break down of one molecule of
glucose in aerobic respiration, then the
ratio of ‘X’ and Y is

1) 1 : 3    2) 5 : 2 3) 1 : 1 4) 3 : 1

68. In the photorespiratory pathway of C
3

plants,

I) There is synthesis neither of sugars,
nor of ATP & NADPH

II) There is a release of CO
2
 with the

utilization of ATP

III) CO
2
 fixation is decreased due to

binding of some O
2
 to RUBISCO

IV) RUBISCO catalyses a wasteful
oxygenation reaction

1) I, II, III & IV all correct

2) I, II & III only correct

3) II, III & IV only correct

4) Except IV all are correct

69. What goes in and what comes out of the
Calvin cycle to make one molecule of
glucose

1) 

In Out 
Six CO2 
24ATP 

9NADPH 

Two trioses 
24ADP 
12NADP 

 

2) 

In Out 
Six CO2 
9ATP 

18NADPH 

Two trioses 
9ADP 
18NADP 

 

3) 

In Out 
Six CO2 
18ATP 

12NADPH 

Two trioses 
18ADP 
12NADP 

 

4) 

In Out 
3CO2 
9ATP 

6NADPH 

One trioses 
9ADP 
6NADP 

 70. Which statement about photosynthesis is
false?

1) The enzymes required for carbon fixation
are located only in the grana of chloroplasts

2) In given plants, both PS I and PS II are
required for the formation of NADPH+

H+ 3) The electron
carriers involved in

photophosphorylation are located on the
thylakoid membranes

4) Photosynthesis is a redox process in
which water is oxidized and
carbon dioxide is reduced

71. Which of the following is not true for
photorespiration?

1) No synthesis of ATP
2) No synthesis of starch

3) No release of  CO
2

4) No synthesis of NADPH

72. Match the following
LIST-I LIST-II

A) Primary acceptor in C
3
 plants I) RuBP

B) Primary acceptor in  C
4 
plants II) PEP

C) Primary fixation product in  C
3
plants

III) OAA
D) Primary fixation product in C

4
 plants

IV) GAP
V) PGA

   A   B    C    D
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1) II I IV    III
2) II I III    V
3) I II IV    III
4) I II V    III

73. When 54 molecules of CO
2
 fixed by

RuBisCO in a C
3
 plant, number of G3 –

P exported to cytosol and number of
G3 – P participate in
regeneration phase respectively
1) 90,18 2) 54, 54 3) 60, 48 4) 18, 90

74. In C
3
 and C

4
 plants, the CO

2
 saturation

respectively is
1) at about  , beyond 2) less than  , less
than
3) more than  , less than
4) beyond  , at about

75. Study the following table
Plants Type of CO

2
 acceptor/s  Type of cells

             concerned with
     CO

2
 fixation

I) C
3
 plants PEP 3 types of cells

II) C
3
 plants RuBP 3 types of

organelles

III) C
4
 plants PEP, RuBP 2 types of cells

IV) CAM PEP, RuBP 1 type of cell

       plants
Correct combination is

1) I, II    2) II, III     3) III,IV 4) I,IV

76. Choose the correct ascending order of
the following all with reference to

Calvin cycle

A) Number of ATP utilized in

regeneration phase if three CO
2
 are

fixed

B) Number of PGAL isomerised to
DHAP in the regeneration phase if 2G-

3-P are exported to cytosol

C) Number of net triose molecules

formed by Calvin cycle when 6 ATP
used during reduction

phase

D) Number of triose phosphates
involved in the form of G-3-P in

regeneration of 6 RuBP

1) C, A, B, D 2) D, B, A, C

3) C, A, D, B 4) C, D, A, B

77. To produce 4 sucrose molecules the
number of ATP and  NADPH+H+

required in C
3 
plants is

1) 144 & 96 2) 120 & 48

3) 188 & 196 4) 72 & 46

78. Read the following table and identify the

correct combinations

Substrate Enzyme Product

I) PGA Phosphoglycerokinase Bis PGA

II) Bis PGA G-3-P  dehydrogenase G-3-P

III) Xylulose Epimerase Ribulose

IV) Fructose Transketolase Xylulose

1) I-II-III 2) II-III-IV

3) I-II-IV 4) I, II, III & IV

79. ATP is utilized in these reactions of C
3 
-

Cycle
I) PGABis PGA
II) Bis PGAG-3-P
III) G-3-PDHAP
IV) RUMPRUBP
1) I-II       2) II-III 3) III-IV  4) I-IV

80. List out true ones with regard to Kranz
anatomy

I) Large bundle sheath cells are
arranged in a wreath( Ring)
II) Bundle sheath cells have thick walls

with intercellular spaces
III) Mesophyll has chloroplasts and PEP

case
IV) Bundle sheath cells have large

number of chloroplasts
1) I-II-III 2) II-III-IV
3) I-II-IV 4) I-III-IV

81. Read the following table and identify
the correct combinations related to

C
4

cycle
Substrate Enzyme product
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I) PEP PEP-case OAA
II) OAA Malic dehydrogenase Malic

acid
III) Malic acid Malic enzyme Pyruvic

acid
IV) Pyruvicacid  Pyruvic dikinase
PEP

1) I-II-III 2) II-III-IV
3) I-II-IV 4) I, II, III & IV

82.  CAM pathway differs from  C
4 
pathway

in
I) Types of cells involved
II) Time of occurance
III) Site of formation of sugars
IV) Occurance of C

3
 cycle

1) I-II-III 2) I-III-IV
3) I-II-IV 4) I-II-III-IV

83. What are the conditions that stimulates
photorespiration
I) High light intensity
II) High 2CO concentration
III) High temperature
IV) High oxygen concentration
1) I-II-III 2) II-III-IV
3) I-II-IV 4) I-III-IV

84. Increase in CO
2
 concentration from

0.03% to 0.05% can cause an increase in
CO

2
 fixation rates in a C

3
 plant because

I.  Reduction in photorespiration
II. Reduction in oxygenase activity by
RuBisCO
III. Increased availability of substrate of
photosynthesis
IV. As light becomes a limiting factor
1) I, II, III & IV 2) I, II & III
3) II, III & IV 4) I, III & IV

85. Find the incorrect statement from the
following
1) At low light intensities CO

2
 fixation rate

is directly proportional to incident light
2) Except for plants in shade or in dense
forests, light is never a limiting factor in
nature
3) Present atmospheric CO

2
 concentration

is not limiting to C
4
 plants

4) CO
2
 saturation point for C

3
 plants is high

86.  Choose the correct statement w.r.t
Photosynthesis
1) Affected by the simultaneous interaction
of several factors
2) Its rate is determined by the factor
available
at optimum level
3) Influenced more by the external factor
than internal factors
4) At one particular time more than one
factors functions as limiting factor

87. Find the incorrect match from the
following
1) Plant factors of photosynthesis dependent
on Genetic predisposition and growth of the
plant
2) Temperature optimum for photosynthesis
of different plants depends, only on the
habitat to which they are adapted
3) Effect of water as a factor on
photosynthesis is Indirect
4) Major limiting factor for photosynthesis
is CO

2

STATEMENT TYPE QUESTIONS
OPTIONS :-

1)  Statement I and II are correct

2)  Statement I and II are incorrcet

3)  Statement I is correct , II is
incorrect

4)  Statement I is incorrect , II is
correct

88. Statement I : Photosynthesis is energy
transducing process.
Statement II : During photosynthesis light
energy  is converted into chemical energy

89. Statement I : H+ gradient across the
thylakoid membrane is essential for the
formation of ATP.
Statement II : Break down of H+ gradient
due to the movement of protons through F

0

of ATPase releases enough energy to
activate ATPase enzyme that catalyses the
formation of ATP.
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90. Statement I : Only ATP, but not NADPH,
is synthesized due to cyclic flow of electron
transport in green plants.
Statement II : The possible location of
cyclic flow of electron transport could be
stroma lamellae whose membranes lack PS-
II as well as NADP reductase enzyme but
possess ATPase and the excited electron
does not pass on to NADP+ but is cycled
back to the PS-I complex.

91. Statement I : F0  of ATP ase is a proton

“pump”

Statement II : It transports H across the
membrane at the expense of energy of
ATP, as it acts as transmembrane channel.

92. Statement I : When water with labeled
oxygen was used for photosynthesis,oxygen
released is also labeled.
Statement II : Oxygen released during
photosynthesis comes from water.

93. Statement I :There is a division of labour
within the chloroplast
Statement II : Light driven reactions occur
in the thylakoid system and enzyme driven
biochemical reactions occur in the stroma.

94. Statement I : Electron flow is cyclic and
results in the synthesis of  ATP, but not
NADPH in membranes of stroma lamellae
Statement II :Membranes of stroma
lamellae lack PS II and the enzyme NADP
reductase

95. Statement I : In terms of redox – potential
scale the movement of electrons from
pheophytin to PSI is down hill.
Statement II :Uphill transport of electrons
is never observed in non cyclic electron
transport.

96. Statement I : The phase of CO2 fixation
that occurs in photosynthesis is called Dark
phase
Statement II : In photosynthesis, Dark phase
occurs only in the absence of light

97. Statement I : Chlorophyll ‘a’ is the chief
pigment in light reaction in all green plants
Statement II : Chlorophyll ‘a’ alone
absorb the light energy

98. Statement I : Water is rarely limiting
factor in photosynthesis
Statement II : Plants use less than 1% of
the absorbed water for photosynthesis

99. Statement I : Photosynthetically
(productivity) C4 plants are less efficient
than C3 plants
Statement II : CO2 fixation and calvin
cycle are separated in space in C4 plants

100.Statement I : In C4 plants photorespiration
does not occur
Statement II : Required CO2 levels are
maintained at the enzyme (RuBisCo) site due
to decarboxylation of C4 acid supplied by
mesophyll cells to bundle sheath cells

101.Statement I : In C
4
 plants fixation of

atmospheric CO
2
 and sugar synthesis through

Calvin cycle are spatially
compartmentalized.
Statement II : Former event occurs in the
photosynthetic cells and later event occurs
in the non – photosynthetic
cells.

102.Statement I : C
4
 pathway is more efficient

in terms of biomass production than C
3

pathway.
Statement II: C

4
 pathway involves two

carboxylations and one decarboxylation
reactions while C

3
 pathway includes one

carboxylation and one oxygenation
reactions

103.Statement I : Cacti and other succulents
are sour early in the morning
Statement II : In CAM plants organic
acids accumulate during

night by 4C -cycle

104.Statement I : C
3
 & C

4
 plants respond

differently to CO
2
 concentration

Statement II : At low light conditions both
C

3
& C

4
 plants do not responds to high CO

2

conditions, where as at high light intensities
they show increased rate of photosynthesis.
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QUESTION BANK - II
1. In the leaves of C4 plants, malic acid

formation during CO2 fixation occurs in
the cells of [CBSE 2007]

(1) Mesophyll (2) Bundle Sheath

(3) Phloem (4) Epidermis

2. The first acceptor of electrons from an
excited chlorphyll molecule of
photosystem II is [CBSE 2007]

(1) Cytochrome     (2) I r o n - s u l p h u r
protein

(3) Ferredoxin       (4) Quinone

3. The C4 plants are photosynthetically
more efficient than C3 plants because

(AIPMT 2008)

1) the CO2 efflux is not prevented
2) they have more chloroplasts
3) the CO2 compensation point is more

4) CO2 generated during photorespiration
is trapped and recycled through PEP
carboxylase

4. Stroma in the chloroplasts of higher plant
contains (AIPMT 2009)

(1) PS-I (2) chlorophyll

(3) light-independent reaction enzymes

(4) light-dependent reaction enzymes

5. Oxygenic photosynthesis occurs in

(AIPMT 2009)

(1) Rhodospirillum (2) Chlorobium

(3) Chromatium (4) Oscillatoria

6. C4 plants are more efficient in
photosynthesis than C3 plants due to
[CBSE-Pre 2010]

(1) Presence of thin cuticle

(2) Lower rate of photorespiration

(3) Higher leaf area

(4) Presence of larger number of
chloroplasts in the leaf cells

7. Read the following four statements, A,
B, C and D and select the right option
having both correct statements.

[CBSE 2010]

STATEMENTS

A) Z scheme of light reaction takes place
in presence of PS I only.

B) Only PS I is functional in cyclic
photophosphorylation.

C) Cyclic photophosphorylation results into
synthesis of ATP and NADPH2

D) Stroma lamellae lack PS II as well as
NADP.

Options

(1) B and C (2) C and D

(3) B and D (4) A and B
8. Study the pathway given below. [CBSE

2010]

Mesophyll 
cell

Plasmo-
desmata

Atmospheric CO2

Plasma 
membrane

Cell wall

HCO-

3 Phosphoenol 
pyruvate

C acid4 C acid3 

A C

Diagrammatic representation of the

B C acid3

Bundle 
sheath 
cell Transport

Fixation by 
Calvin cycle

Transport

C acid4

 CO2

In which of the following options correct
words for all the three blanks A, B and C
are indicated

   

 A B C 

1 Fixation Decarboxylation Regeneration 

2 Carboxylation Decarboxylation Reduction 

3 Decarboxylation Reduction Regeneration 

4 Fixation Transamination Regeneration 
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9. Kranz anatomy is one of the
characteristics of the leaves of

[CBSE 2010]
(1) Sugarcane (2) Mustard
(3) Potato (4) Wheat

10. Which one of the following is essential for
photolysis of water? [AIPMT 2011]
(1) manganese (2) zinc
(3) copper (4) boron

11. A proces that makes important difference
between C3 and C4 plants is

 [AIPMT 2012]
(1) Transpiration (2) Glycolysis
(3) Photosynthesis (4) Photorespiration

12. The correct sequence of cell organelles
during photorespiration is

[AIPMT 2012]
(1) Chloroplast, -Golgibodies, -
mitochondria
(2) Chloroplast,-Rough Endoplasmic
reticulum, Dictyosomes
(3) Chloroplast, -peroxisome, -
mitochondria
(4) Chloroplast, -vacuole, -peroxisome

13. For its activity, carboxypeptidase requires
[AIPMT 2012]

(1) zinc (2) iron
(3) niacin (4) copper

14. Read the following four statements
(A - D) [AIPMT 2012]
A) Both photophosphorylation and
oxidative phosphorylation involve uphill
transport of protons across the
membrane.
B) In dicot stems, a new cambium
originates from cells of pericycle at the
time of secondary growth.
C) Stamens in flowers of Gloriosa and
Petunia are polyandrous.
D) Symbiotic nitrogen fixers occur in
free-living state also in soil.
How many of the above statements are
right?
(1) Two   (2) Three  (3) Four  (4) One

15. Anoxygenic photosynthesis is
characteristic of

(1) Ulva (2) Rhodospirillum
(3) Spirogyra        (4)
Chlamydomonas

16. A few normal seedings of tomato were
kept in a dark room. After a few days
they were found to have become white-
coloured like albinos. Which of the
following terms will you use to describe
them?
(1) Defoliated (2)   Mutated
(3) Embolised (4)   Etiolated

17. Chemiosmotic hypothesis to understand
actual mechanism of ATP synthesis in
mitochondria was proposed by  [2015]
(1) Fredrick losch (2) Felix Dujardin
(3) Peter Mitchell (4) C a r l
Landsteriner

18. In photosynthesis, the light-independent
recations take place at [2015]
(1) Photosystem I (2) Photosystem II
(3) Stromal matrix (4) Thylakoid lumen

19. Bundle sheath cells around the vascular
bundles in C4 plant are characterized by
[2015]
(1) Few chloroplasts, thick cell walls and
no  intercetlular spaces
(2) Large number of chloroplasts, thin cell
walls and intercellular spaces
(3) Large number of chloroplasts, thick cell
walls and no intercellular spaces
(4) Few chloroplasts, thick cell walls and
inter cellular tercellular spaces

20. In photosynthesis,P680 refers to     [2015]
(1) Reaction centre of photosystem I
(2) Antennae molecules complex
(3) Reaction center of photosystem II
(4) Complete light harvesting complexes

21. Emerson’s enchancement effect and red
drop box have been instrumental in the
discovery of [2016]
(1) Photophosphorylation and non-cyclic
electron transport
(2) Two photosystems operating simulta
neously
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(3) Photophosphorylation and cyclic
electron transport

(4) Oxidative photosphorylation

22. In a chloroplast, the highest number of
protons are found in [2016]

(1) Stroma

(2) Lumen of thylakoids

(3) Inter-membrane space

(4) Antennae complex

23. A plant in your garden avoids
photorespiratory losses, has improved
water use efficiency, shows high rates of
photosynthesis at high temperatures and
has improved efficiency of nitrogen
utilization. In which of the following
physiological groups would you assign this
plant? [2016]

(1) C3

(2) C4

(3) CAM

(4) Nitrogen fixer

24. Phosphoenol pyruvate (PEP) is the
primary CO2 accepor in [2017]

(1) C4 plants

(2) C2 plants

(3) CAM and C4 plants

(4) C3 plants

25. With reference to factors affecting the
rate of photosynthesis which of the
following statements is not correct ?
[2017]

(1) Increasing atmospheric CO2
concentration up to 0.05% can enhance CO2
fixation rate

(2) C3 plants respond to higher temperatures
with enhanced photosynthesis while C4
plants have much lower temperature
optimum

(3) Tomato is a greenhouse crop which can
be grown in CO2 - enriched atmosphere for
higher yield

(4) Light saturation for CO2 fixation occurs
at 10% of full sunlight

26. In Hatch and Slack pathway, the primary

2CO acceptor is  (2019 NEET ODISSA)

1) RuBisCO 2) Oxaloacetic acid
3) Phosphoglyceric acid
4) Phosphoenol pyruavate

27. One scientist cultured Cladophora in a
suspension of Azotobacter and iluminated
the culture by splitting light through a
prism. He observed that bacteria
accumulated mainly in the region of
(2019 NEET ODISSA)
1) Blue and  red light
2) Violet and green light
3) Indigo and green light
4) Organge and yellow light
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KEY
MODEL TEST-1

  1.(4) 2.(1) 3.(2) 4.(4) 5.(3)

6.(1) 7.(3) 8.(4) 9.(4) 10.(3)

11.(3) 12.(1) 13.(1) 14.(2) 15.(1)

16.(2) 17.(1) 18.(1) 19.(4) 20.(1)

21.(2) 22.(4) 23.(3) 24.(1) 25.(2)

26.(1) 27.(3) 28.(3) 29.(4) 30.(3)

  31.(4) 32.(4) 33.(3)

MODEL TEST-2

34) 3 35) 1 36) 4

37) 1 38) 4 39) 1

40) 2 41) 4 42) 4

43) 3 44) 2 45) 1

46) 4 47) 3 48) 1

49) 2 50) 1 51) 2

52) 4 53) 3 54) 2

55)  1 56) 3

MODEL TEST-3

57) 3 58) 3 59)  1 59) 1 60) 1
61) 2 62) 2 63) 4 64) 3 65)  4
66) 2 67) 4 68) 1 69) 1 70) 1
71) 2 72) 1 73) 1 74) 1 75) 2
76) 2 77) 1 78) 2 79) 1 80) 1
81) 4 82) 3 83) 1 84) 3 85) 2
86) 2 87) 1 88) 3 89) 2 90) 2
91) 2 92) 4 93) 1 94) 4 95) 1
96)  3 97) 4 98) 2 99) 2 100) 3
101) 2 102) 1 103) 1  104) 2 105)3
106)4 107)3   108) 2 109) 1 110) 4
111) 4 112) 2

MODEL TEST-4

 113) 2 114) 1 115) 2 116) 1

 117) 2 118) 2 119) 4 120) 3

 121) 1 122) 2 123) 4 124) 1

 125) 1 126) 2 127) 4 128) 4

 129) 4 130) 4 131) 1 132) 2

 133) 3 134) 1 135) 2 136) 1

137)  1 138) 1 139) 4 140) 4

141) 3 142) 4 143) 3 144) 2

145) 1 146) 4 147) 3 148) 2

149) 2 150) 2 151) 2 152) 4

153) 2 154) 3 155) 1 156) 4

157) 4 158) 3 159) 1 160) 2

161) 4 162) 4 163) 1 164) 2

165) 3 166) 1 167) 2 168) 1

169) 3 170) 3 171) 1 172) 3

173) 2 174) 4 175) 3 176) 3

177) 2 178) 2 179) 1 180) 2

181) 1 182) 4 183) 4 184) 4

185) 2 186) 4 187) 4 188) 4

189) 4 190) 1 191) 3 192) 4

193) 2 194) 1 195) 4 196) 1

197) 1 198) 3 199) 1 200) 4

201) 1 202) 3 203) 2 204) 2

205) 1 206) 3 207) 1 208) 4

209) 2 210) 1 211) 3 212) 2

213) 4 214) 2 215) 2 216) 2

217) 3 218) 2 219) 2 220) 3

221) 4 222) 1 223) 4 224) 3

225) 3 226) 3 227) 4 228) 3

229) 1 230) 1 231) 4 232) 3

233)3 234)1  235) 4     236) 1

237)2 238)3  239) 4     240) 3

241)2 242)2  243) 3

MODEL TEST-5

244. (2) 245. (2) 246 (3) 247 (4)

248 (4) 249 (1) 250 (1) 251 (4)

252 (2) 253 (4) 254 (3) 255 (4)

256 (2) 257 (2) 258 (1) 259 (1)

260 (1) 261 (4)

QUESTION BANK - 1

1) 4 2) 4 3) 1 4) 3 5) 4

6) 1 7) 4 8) 3 9) 1 10) 4

11) 1 12) 3 13) 2 14) 3 15) 1
16) 1 17) 1 18) 4 19) 4 20) 4

21) 1 22) 2 23) 3 24) 3 25) 3
26) 4 27) 2 28) 3 29) 4 30) 1

31) 3 32) 2 33) 3 34) 2 35) 3
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36) 2 37) 4 38) 4 39) 3 40) 4

41) 4 42) 4 43) 3 44) 3 45) 2
46) 3 47) 4 48) 3 49) 3 50) 4

51) 2 52) 4 53) 2 54) 3 55) 1
56) 1 57) 3 58) 3 59) 4 60) 4

61) 4 62) 2 63) 2 64) 4 65) 3
66) 1 67) 4 68) 1 69) 3 70) 1

71) 3 72) 4 73) 4 74) 4 75) 3
76) 1 77) 1 78) 4 79) 4 80) 4
81) 4 82) 4 83) 4 84) 2 85) 2

86) 1 87) 2 88) 1 89) 1 90) 1
91) 3 92) 1 93) 1 94) 1 95) 3

96) 3 97) 3 98) 1 99) 4 100) 1
101) 1 102) 3 103) 1 104) 1

QUESTION BANK - 2

1. (1) 2. (4) 3. (2) 4. (3) 5.(4)

6. (2) 7. (3) 8. (1) 9. (1) 10. (1)

11. (4) 12. (3) 13. (1) 14. (1) 15. (2)

16. (4) 17. (3) 18. (3) 19. (3) 20. (3)

21. (2) 22. (2) 23. (2) 24. (3) 25. (2)

26.(4) 27.(1)
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INTRODUCTION

The basic unit of all living organisms are essentically the same and they require nutrients

The chemical substances present in food act as a raw material for body building and
maintaining its function and are termed nutrients.

* Organisms require macromolecules such as carbohydrates, proteins and fats along with
water and minerals for their growth and development. Carbohydrates, fats and proteins act
as organic macromolecules and CO2, H2O and mineral ions function as inorganic
nutrients.

* Mineral nutrients are elements acquired primarily in the form of inorganic ions from the soil.
The large surface area of roots and their ability to absorb inorganic ions at low concentrations
from the soil solution make mineral absorption by plants a very effective process. After being
absorbed by the roots, the mineral elements are translocated to the various parts of the plant,
where they are utilized in numerous biological functions. Other organisms, such as mycorrhizal
fungi and nitrogen fixing bacteria, often participate with roots in the acquisition of nutrients.

The study of how plants obtain and use mineral nutrients is called Mineral Nutrition.

In this chapter, we will mainly discuss inorganic plant nutrition. We will study

n Method to identify elements essential for growth and development of plants, the criteria used
for establishing their essentiality.

n Role of the essential elements in plants

n Major deficiency symptoms caused by these essential elements.

n Mechanisms for their absorption

n Significance and mechanism of biological nitrogen fixation.

METHODS TO STUDY THE MINERAL REQUIREMENT OF PLANTS

* To demonstrate that an element is essential, requires, that a plant be grown under experimental
conditions in which only the element under investigation is absent. Such conditions are
extremely difficult to achieve with plants grown in complex medium such as soil.

By nineteenth century, several researchers approached this problem by growing plants with
their roots immersed in a nutrient solution.

* In 1860, Julius von Sachs, a noted German botanist demonstrated for the first time the plants
could be grown normally upto their maturity in a defined nutrient solution in complete absence
of soil.

Since, the experiments conducted by Sachs several special techniques have been used for
nutritional studies.

* Hydroponics:The technique of growing plants with their roots immersed in nutrient solution
without soil is called solution culture or hydroponics (Gericke 1937) .

* Successful hydroponic culture requires a large volume of nutrient solution or frequent

CH : 12 - MINERAL NUTRITION
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adjustment of the nutrient solution to prevent nutrient uptake by roots from producing unwanted
changes in nutrient concentration and pH of the medium. A sufficient supply of oxygen to
the root system – also critical – may be achieved by vigorous bubbling of air through the
medium.

There are three methods for growing plants with nutrient solutions.

* (a) Hydroponic Culture (Nutrient Solution Culture) : In this process, plants are grown in
a defined nutrient solution. This nutrient solution is prepared by mixing chemically pure
mineral nutrient salts in purified water. The solution is taken in sterilised glass jar or
polythene bottles covered with black paper. It minimises the risk of algal contamination and
reaction of roots to sunlight. The jars contain split covers or corks with holes for suspending
seedling, a funnel for adding solution and a bent tube for aeration. Regular aeration of culture
solution is necessary for proper growth and activities of roots.

Funnel for 
adding water
and nutrients

Diagram of a typical set-up for 
nutrient solution culture

Nutrient
solution

Cotton Aerating 
tube

* (b) Nutrient Film Technique : In another form of hydroponic culture, plant roots lie on the

surface of a trough, and nutrient solutions flow in a thin layer along the trough over the roots.

This nutrient film growth system ensures that the roots receive an ample supply of oxygen.

      

pump

Nutrient Solution

Pump

Nutrient recovery
chamber

             Fig : Hydroponic plant production Fig : Nutrient film growth system

* Hydroponic plant production. Plants are grown in a tube or trough placed on a slight

incline. A pump circulates a nutrient solution from a reservoir to the elevated end of the

tube. The solution flows down the tube and returns to the reservoir due to gravity. Inset

shows a plant whose roots are continuously bathed in aerated nutrient solution.The arrows

indicates the direction of the flow.

SIGNIFICANCE OF HYDROPONICS

* Hydroponics can be employed as a technique for commercial production of vegetables such



5555

as tomato, seedless cucumber, lettuce etc.

* Culture experiments can be used to identify essential elements and their role in structure and
function of plants. It can also help in identifying the deficiency symptoms of an essential
element.

* This is done by performing a series of experiments in which the roots of the plants are
immersed in nutrient solution and wherein an element is added / removed or given in varied
concentration. In this way, we can find the optimum concentration of several mineral elements
required by the plant for its proper growth.

1. Useful in areas having thin, infertile and dry soils.

2. It can regulate the pH at optimum for a particular crop.

3. It controls soil borne pathogens.

4. It avoids problem of weeding.

ESSENTIAL MINERAL ELEMENTS

* Most of the mineral elements can enter the plant roots from the soil. Out of the 105 mineral
elements  discovered so far, more than (including gold, lead, mercury, arsenic and uranium)
60 have been detected even at very low concentration (10–8 g/mL) in plants. Other elements
H and C (as O2, H2O, CO2) are also required by the plants.

* Some plants accumulate heavy and toxic metals such as gold and selenium from the soil, while
those growing near the nuclear reactor sites take up radioactive strontium from surrounding
soil.

CRITERIA OF ESSENTIALITY

The criteria to determine the essentiality of an element include the following aspects.
* 1. The element must be absolutely necessary for supporting normal growth and reproduction

of plants. In the absence of the element, the plants do not complete their life cycle or
set the seeds.

* 2. The element must be directly involved in the metabolism of the plant. It should form
a component of either a structural or functional molecule.

* 3. The requirement of the element must be specific and not replaceable by another element.
* 4. Absence or reduced availability of the element causes disorders.

5. The disorders caused by absence or deficiency of an element can be corrected only by
the availability of that element.

* Based upon the above criteria 17 elements have been found to be essential for plant growth
and metabolism. The are C, H, O, N, P, K, Ca, Mg, S, Fe, B, Mn, Cu, Zn, Mo, Cl and Ni.
Others are called non essential elements.

* The first three elements – hydrogen, carbon and oxygen – are not considered mineral nutrients
because they are obtained primarily from water or carbon dioxide.
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Functions of Elements 
Framework elements C, H, O 

Storage elements C, N, S, P 

Critical elements N, P, K 

Toxic elements Al, As, Hg, Pb, Ag 

Protoplasmic elements C, H, O, N, S, P  

Balancing elements Ca, Mg, K 
 

CLASSIFICATION OF ESSENTIAL ELEMENTS

* Essential elements are classified as

A. On the basis of quantitative requirement

* The essential elements (nutrients) are divided into two broad categories based on their
quantitative requirements. These are :

1. Macronutrients 2. Micronutrients

1. Macronutrients:- These are present in large amounts in plant tissues, i.e., in excess of
10m mole kg–1 of dry matter.

* Macronutrients are easily detectable because they are present in large quantity. They are
usually involved in the synthesis of organic molecules.

* These macronutrients are nine in number - carbon, hydrogen, oxygen, nitrogen, phosphorus,
sulphur, potassium, calcium and magnesium. Out of these, carbon, hydrogen and oxygen are
mainly obtained from CO2 and H2O, while the others are absorbed from the soil as mineral
nutrition.

2. Micronutrients or trace elements :-

* These are the essential elements which are required by plants in small amounts, less than

10 m mole kg–1 of dry matter.

* Micronutrients are mostly involved in the functioning of enzymes. Since, micronutrients are
required in traces, they are also called trace elements.

* Micronutrients are eight in number - iron, manganese, copper, molybdenum, zinc, boron,
chlorine and nickel.

* In addition to the 17 essential elements named above, there are some beneficial elements such
as sodium, silicon, cobalt and selenium. They are required in metabolic activities of higher
plants.
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Table : Differences between Macronutrients and Micronutrients

Macronutrients Micronutrients 

1. These elements are present in plants 
in easily detectable quantities.  

1. These elements are present in plants 
in very small amounts or in traces. 

2. The concentration of a macroelement 
is above 10 mmole kg–1 of dry matter 

2. The concentration of a microelement 
is less than 10 mmole kg–1 of dry 
matter.  

3. They build up the plant body and 
different protoplasmic constituents. 

3. They do not have such a role. They 
are generally required in the 
functioning of enzymes 

4. They do not become toxic in slight 
excess amount.  

4. They are toxic in slight excess 
amount. 

5. They include C, H, O, N, P, K, S, Mg 
and Ca (9 in number) 

5. They include Fe, Zn, Mn, B, Cu, 
Mo, Cl and Ni (8 in number) 

B. On the basis of  their diverse function
The essential elements can also be grouped into four broad categories on the basis of their
diverse functions. These categories are :

* 1. Structural elements :
Some essential elements are components of biomolecules and hence are the structural
elements of cells. They are carbon, hydrogen, oxygen and nitrogen. For example

(i) C, H and O are components of cellulose and many other biomolecules.
(ii) Nitrogen is a constituent of all amino acids, proteins, chlorophyll etc.

* 2. Components of energy related compounds :
Some essential elements become components of energy related chemical compounds in
organisms. For example,
(i) Magnesium is a component of chlorophyll that takes part in conversion of light energy
into chemical energy
(ii) Phosphorus is a component of ATP which functions as energy currency of the living
system.

* 3. Enzymes activators or inhibitors :
Many essential elements are responsible for activating or inhibiting enzymes. For
example,
(i) Mg2+ is an activator for both ribulose bisphosphate carboxylase - oxygenase

(RuBisCO)  and phosphoenol pyruvate carboxylase (PEPcase) , both of which are
critical enzymes involved in carbon fixation during photosynthesis.

(ii) Zn2+ is an activator of alcohol dehydrogenase and Mo is an activator of nitrogenase
during the nitrogen metabolism.

(iii) Mn2+ is involved in photolysis of water.
* 4. Maintaining osmotic potential :

Most of the osmotic potential of cell sap is due to inorganic salts  such as nitrate, Cl–

, K+, sulphate etc. Osmotic potential is required for water absorption and maintenance
of cell turgidity.
Apart from this, mineral elements perform other important functions such as
(i) Movements : Potassium plays an important role in the opening and closing of
stomata and other turgor movements.
(ii) Buffer activity : Phosphates, weak acid and their salt possess buffer activity against
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changes in pH.
ROLE OF MACRO AND MICRONUTRIENTS

* Essential elements perform various functions.
* They participate in various metabolic processes in the plant cells such as permeability of cell

membrane, maintenance of osmotic concentration of cell sap, buffering action, enzymatic
activity and act as major constituent of macromolecules and coenzymes.

* The various elements in four groups are
1. The first group of essential elements form the organic (carbon) compounds of the plant.

e.g. N, S
2. The second group is important in energy storage reactions or in maintaining structural
integrity.

e.g. P, Si, B
3. The third group is present in plant tissue as either free ions or ions bound to substances.

Particular importance are their roles as enzyme. Cofactors and in the regulation
of osmotic potentials.

e.g. K, Ca, Mg, Cl, Mn, Na
4. The fourth group has important roles in reactions involving  electron transfer.

e.g. Fe, Zn, Cu, Ni, Mo
DEFICIENCY SYMPTOMS OF ESSENTIAL ELEMENTS :
* Plants require various mineral elements for their normal growth, development and metabolism.

They fulfill their mineral requirement usually from soil. All such essential elements must be
present in soil  where a plant grows.

Ø Inadequate supply of an essential element results in a nutritional disorder manifested by
characteristic deficiency symptoms. In hydroponic culture, withholding of an essential element
can be readily correlated with a given set of symptoms for acute deficiencies.

* The concentration of the essential element below which plant growth is retarded is termed as
critical concentration. The element is said to be deficient when present below the critical
concentration.

* Since each element has one or more specific structural  or functional role in plants, so plants
show certain morphological changes

in the limitation of any particular element. These externally visible morphological changes which
are produced due to absence or deficiency of essential mineral elements, are called deficiency
symptoms. They are called hunger signs.
The deficiency symptoms for any element mainly depend on two factors :
1. The function or functions of that element.
2. Whether or not the element is readily translocated from old leaves to younger leaves.
Mineral elements classified on the basis of their mobility within a plant and their tendency
to retranslocate during deficiencies.

Mobile Immobile 

N, K, Mg, P, Cl, Na, Zn, Mo,   Ca, S, Fe, B, Cu 

Deficiency symptoms first 
appears in older organs 

Deficiency symptom first 
appears in younger organs 

 

  Common Deficiency Symptoms:
* Common deficiency symptoms : The most deficiency symptoms observed in plants include

chlorosis, necrosis, stunted plant growth, premature fall of leaves and buds, and inhibition
of cell division.
Delay in flowering.
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Name and Absorbable form Role/ Function Deficiency Symptoms 
NITROGEN  

(Required by all plant parts, 
particularly the meristematic 

tissue and metabolically active 
cells) 

NO3
– form  

rarely as NO2
– or NH4

+ 

(i) Important in growth, metabolism, 
heredity and reproduction 

(ii) Present in porphyrins of Chlorophylls 
and Cytochromes, thus active role in   
photosynthesis and respiration. (ETS)  

(i)  Chlorosis (yellowing) in older  
leaves (highly mobile) 

(ii)  Anthocyanin formed in stem, 
petioles and leaf. (tomato etc.) 

SULPHUR 
SO4

– (Sulphate) form 
(i)  Part of cysteine and methionine 

amino acids. 
(ii) Vitamin (biotin, thiamine), Co-A in 

respiration  
(iii) Role in oil synthesis, chlorophyll 

synthesis  and part of ferredoxin. 
(iv)  Root nodule formation 

 Chlorosis or yellowing 

PHOSPHORUS 
H2PO4

– and HPO4
2– 

(Orthophosphate anion 
form) 

 Very important in RNA, DNA 
(heredity)   Phospholipid (cell 
membrane), NADP  (Co-enzyme), 
ATP (Energy reactions)   

 Premature leaf fall, necrosis, 
anthocyanin formation 

CALCIUM 
Ca++ form 

(Required by meristematic 
and differentiating tissues. 

Accumalates in older leaves) 

(i)  Important for mechanical strength 
because calcium is  constituent of 
middle lamella  (Ca-pectate in cell 
wall) 

(ii) Permeability of biomembrane is  
maintained by calcium. 

(iii)  Stability of chromosome structure 
and in   spindle formation 

(iv)  Activator of certain enzymes 

(i)  Disintegration of growing  
apices (root, shoot, leaf  
apex.) 

(ii)  Irregular cell divisions  
(mitosis) and death of  
meristem 

MOLYBDENUM 
(Molybdate ion) 

Mo O2
2– 

 Role as prosthetic group of nitrate  
reductase and nitrogenase in nitrogen  
metabolism 

(i)  Interveinal chlorosis e.g. 
Lemon 

(ii) Whiptail of cauliflower. 
POTASSIUM 

K+ is only the monovalant 
cation in free form 

 

(i)  Key role in stomatal movement and 
transpiration. 

(ii)  In starch synthesis and distribution, 
regulation of permeability and 
balance  charge of cells (Cation-anion 
balance) 

(iii)  More amount required by 
meristematic tissue 

(i)  Mottled (interveinal) 
chlorosis, and shorter 
internodes.  

(ii)  "Dieback" disease and  bushy 
habit.  

MAGNESIUM 
 Mg++ form 

(i)  Activates the enzymes of respiration, 
photosynthesis and involved in DNA 
and RNA synthesis.   

(ii)  Constituent of Chlorophyll and in 
binding of ribosomal units.    

 Interveinal chlorosis on large  
scale and formation  of  
anthocyanin in older leaves. 

IRON 
Absorption in Fe+++ (ic) form 

which is an active form 

(i)  Important constituent of proteins  
involved  in the transfer of electrons 
like  ferrodoxin and cytochromes. 

(ii)  Essential role in chlorophyll 
synthesis 

(iii)  Used during biological nitrogen 
fixation.   

 Rapid interveinal chlorosis 
(New leaves) 
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Name and Absorbable form Role/ Function Deficiency Symptoms 

MANGANESE 
Mn++ form 

(Manganous) 

(i) Mn++ is activator of many 
enzymes involved in 
photosynthesis, respiration and  
nitrogen metabolism -Nitrate  
reductase, hydroxylamine 
reductase, decarboxylase,  
dehydrogenase. 

(ii)  Essential for O2 evolution and  
photolysis of water in light 
reaction.      

(i) Deficiency causes chlorotic 
and  necrotic spots on leaves. 
(Mosaic pattern) 

(ii) Marsh spot of Pea, and grey  
speck of oat. 

BORON 

B4O7
–2 or BO3

–3 
(Borate) 

(i) Boron is only micronutrient, 
which is not  associated with 
enzymes. 

(ii) Required for uptake and 
utilization of Ca2+ 

(iii) Carbohydrate translocation 
(iv) Boron is essential in pollen tube 

formation, cell elongation and 
cell differentiation. 

(i) Brown heart rot of beets  

(ii)   Stout axis 

COPPER 

Cu++ form 

(i)  In redox reaction, reversibly 
oxidized  from Cu+ to Cu++ 

(ii)  Vitamin C (Ascorbic Acid) 
formation 

(iii) Plastocyanin, cytochrome a-a3  
formation 

(i) "Dieback of citrus" and  
other fruit trees. Exanthema  
in trees. 

(ii) Reclamation disease of  
cereals and legume crops. 

ZINC 
Zn++ form 

 Specific role in Auxin (IAA) 
hormone synthesis in cell 

(i)  'Khaira disease of paddy' 

(ii)  'Little leaf disease'. 

CHLORINE 
Cl– form 

(i)  Alongwith Na+ and K+, it helps 
in  determining the solute 
concentration and anion- cation 
balance in cells 

(ii)  Alongwith manganese it is 
essential for  the water splitting 
in photosynthesis of  liberate 
oxygen. 

(i)  Decrement in the liberation of  
O2 by plant. 

(ii) Disturbance of cation and  
anion  balance in cells. 

NICKEL 

Ni++ form 

 It is the activator of enzyme 
urease. Enzyme is required to 
split urea in plant  body to obtain 
nitrogen. 

 Slow nitrogen mobilization in  
plant. 
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 D e fic ie nc y  s ym p to m s  M in e ral e le m e n ts  

1 ) Chl oros is N ,  K ,  M g,  S,  Fe ,  M n,  
Z n , M o 

2 )  N e cro sis /D e a th  o f  ti ssu e  C a,  M g,  K ,  Cu  

3 )  Inh ib it io n  o f ce ll d ivi sio n N ,  K ,  S,  M o 

4 )  D e la y in  f low e r in g N ,S,  M o 

 

TOXICITY OF MICRONUTRIENTS

* Micronutrients are always required in a low concentrations. A moderate decrease may result in
deficiency symptoms in plants and a moderate increase results in toxicity. There is only a narrow
range of concentration at which the elements are optimum.

* Any mineral ion concentraton in tissue that reduces the dry weight of tissues by about 10 percent
is considered toxic. Such critical concentrations vary widely among different micronutrients.

Table: Forms in which different mineral elements are absorbed and their requirements in different 
plant parts 

S.NO Miineral  
Element 

Absorbed as Required in 

1. Nitrogen 
3NO  All parts of the plants especially meristems 

2. Phosphorus 
2 4H PO   or 2

4HPO   Developing fruits, seeds, storage organs, young 
meristems 

3. Potassium K  Meristems, buds, leaves and root tips 

4. Calcium 2Ca   Meristems and differentiating tissues 

5. Magnesium 2Mg   Seeds, leaves, growing areas of root and stem 

6. Sulphur 2
4SO   Young leaves and meristems 

7. Iron 3Fe   All parts of plants 

8. Manganese 2Mn   Leaves and seeds 

9. Zinc 2Zn   All parts of plants 

10. Copper 2Cu   All parts  of plants 

11. Boron 3 2
3 4 4BO or B O   Leaves and seeds 

12. Molybdenum 2
2MoO   All parts of plants and commonly in roots 

13. Chlorine Cl  All parts of plants 

14. Nickel 2Ni   Leave and roots 

 



6262

* Toxicity symptoms are difficult to identify. Also, toxicity levels for any element also vary for
different plants.

At times, excess of an element may inhibit the uptake of another element.

* For example : In manganese toxicity,

Manganese 
Toxicity

Competes 
with

Symptoms
Brown spots  surrounded  

by chlorotic veins 

Iron Magnesium  and – for uptake

Magnesium 

Calcium

 for binding with enzymes.

 - inhibits its translocation in shoot apex. 

* The symptoms of manganese toxicity may actually be the deficiency symptoms of iron,
magnesium and calcium.

MECHANISM OF ABSORPTION OF ELEMENTS

* Plants absorb the essential mineral nutrients from the soil through their roots. The most active
areas of the root for mineral absorption are the zones of elongation and root hair. The
rate of mineral absorption is usually independent of their concentration in the soil. The
minerals are absorbed as ions.

* The mechanism of absorption of elements by the plants has been studied by placing the
isolated plant cells, tissues or organs in a specific mineral solution. These studies reveal; that
the process of mineral absorption can be divided into two main phases - initial and
metabolic. These phases are discussed below

* 1. In the Initial Phase, there is a rapid uptake of ions into the outer or free space of the
cells (i.e., the area of apoplast) . Outer or free space comprises intercellular spaces and cell
walls.

* In this phase, the ions are absorbed passively, i.e., no energy expenditure occurs. The passive
movement of ions into the apoplast usually occurs through ion channels.

* 2. Metabolic phase : In the metabolic phase, the ions pass into inner space (i.e., the
symplast area of the cells) . The inner space comprises of cytoplasm and vacuole.

* In this phase, the movement of ions is an active process, i.e., the entry or exit of ions to and
from the inner space requires the expenditure of metabolic energy.

* The movement of ions is usually called flux. The inward movement into the cells is influx
and the outward movement is called efflux.

TRANSLOCATION OF SOLUTES

* It has been proved that xylem is the path of translocation of minerals. Mineral salts are
transported  through xylem alongwith the ascending stream of water. This sap is pulled up
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through the plant by transpirational pull.

* Analysis of xylem sap shows the presence of mineral salts in it. It has also been proved by
the use of radioisotopes of mineral elements that they are transported through the xylem.

* The high rates of nutrient absorption in the apical root zones result from the strong demand
for nutrients in these tissues and the relatively high nutrient availability in the soil
surrounding them.

* Within the soil, nutrients can move to the root surface both by bulk flow and by diffusion.

* In bulk flow nutrients are carried by water moving through the soil toward the root. The
amount of nutrient provided to the root by bulk flow depends on the rate of water flow through
the soil toward the plant, which depends on transpiration rates and on nutrient levels in
the soil solution. when both the rate of water flow and the concentration of nutrients in the
soil solution are, high, bulk flow can play an important role in nutrient supply.

* In diffusion, mineral nutrients move from a region of higher concentration to a region of lower
concentration. Nutrient uptake by the roots lowers the concentration of nutrients at the root
surface, generating concentration gradients in the soil solution surrounding the root. Diffusion
of nutrients down their concentration gradient and bulk flow resulting from transpiration can
increase nutrient availability at the root surface.

AL ELEMENTS

* Soil is the reservoir of all mineral elements that are essential for the proper growth and
development of plants. It consists of a wide

variety of substances.

* Physical processes such as weathering and breakdown of rocks lead to enrichment of soil
with dissolved ions and inorganic salts. Since the latter are derived from the rock minerals,
their role in plant nutrition is referred to as mineral nutrition.

Apart form supplying minerals to the roots of plants, soil plays many other important roles
such as

* (a) Soil harbours a large number of microorganisms that not only decompose organic
remains but also release the minerals bound in organic matter.

* (b) It also harbours nitrogen fixing bacteria which increase the usable nitrogen content of
soil.

* (c) Soil holds water and supplies air to the roots.

* (d) It acts as a matrix that stabilises the plant. However, in agriculture, there is more
withdrawal of mineral nutrients from the soil than their natural replenishment. Therefore, there
is often deficiency of essential minerals which affects the crop yield. Artificial fertilizers are
added to remove the same. Both macronutrients(N,P,K,Setc.) and micronutrients (Cu,Fe,Zn,Mn
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etc.) components of fertilizers and are applied as per need.

 METABOLISM OF NITROGEN

* Higher plants are autotrophic organisms that can synthesize their organic molecular components
out of inorganic nutrients obtained from their surroundings. For many mineral nutrients, this
process involves absorption from the soil by the roots and incorporation into the organic
compounds that are essential for growth and development. This incorporation of mineral
nutrients into organic substances such as pigments, enzyme cofactors, lipids, nucleic acids, and
amino acids is termed nutrient assimilation

* Assimilation of some nutrients – particularly nitrogen and sulphur – requires a complex series

of biochemical reactions that are among the most energy requiring reactions in living

organisms:

* In Nitrate (NO3
–) assimilation, the nitrogen in NO3

– is converted to a higher energy form a

nitrite(NO2
–) , then to a yet higher energy form ammonium (NH4

+) , and finally into the amide

nitrogen of glutamine. This process consumes the equivalent of 12 ATPs per nitrogen.

* Plants such as legumes form symbiotic relationships with nitrogen-fixing bacteria to convert

molecular (N2) into ammonia (NH3) which is the first stable product of nitrogen fixation;

ammonia is protonated to form the ammonium ion (NH4
+) . The process of biological nitrogen

fixation, together with the subsequent assimilation of NH3 into an amino acid, consumes about

16 ATPs per nitrogen.

NITROGEN CYCLE

* Nitrogen is the most prevalent element in living organisms apart from carbon, hydrogen and

o x y g e n .

Nitrogen is the constituent of amino acids, proteins, hormones, chlorophylls and vitamins.

Nitrogen is present in many forms in the biosphere. The atmosphere  contains vast quantities

(about 78% by volume) of molecular nitrogen (N2) . For the most past, the large reservoir

of nitrogen is not directly available to living organisms. Acquisition of nitrogen from the

atmosphere requires the breaking of an exceptionally stable triple covalent bond between two

nitrogen atoms ‘  N N  to produce ammonia (NH3) or nitrate (NO3
–) . These reactions,

known as nitrogen fixation, can be accomplished by both industrial and natural processes.
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Biological
N fixation2

Industrial
N fixation2

Electrial
N fixation2

Denitri 
fication

3 2 3NH NO NO  
Soil ‘N’ pool

(Ammonification) (uptake)

Decaying biomass

Atmospheric Nitrogen

Animal biomass

plant biomass

Fig : The nitrogen cycle showing relationship between the three main nitrogen pools
 – atmosphere, soil, and biomass

The steps in nitrogen fixation include

* i)  Nitrogen fixation:- It can occur via three pathways

* (a) Lightning: Lightning is responsible for about 8% of the nitrogen fixed. Lightning
converts water vapour and oxygen into highly reactive hydroxyl free radicals, free
hydrogen atoms, and free oxygen atoms that attack molecular nitrogen (N2) to form
nitrogen oxides (NO, NO2 and N2O) and then nitric acid (HNO3) .

* (b) Industrial Nitrogen Fixation: Industrial combustions, automobile exhausts and power
generating stations are also sources of atmospheric nitrogen oxides.

* (c) Biological Nitrogen Fixation: Reduction of inert atmospheric nitrogen to ammonia by
living organisms is called biological nitrogen-fixation. Only certain prokaryotic organisms
(some bacteria and cyanobacteria/ blue-green algae) are capable of fixing N2. Such
microbes are called N2 fixers. These N2 fixing microbes contain an exclusive enzyme,
Nitrogenase that is capable of reducing nitrogen.

2

Nitrogenase
2 3N fixers

N NH

2 3 2N 8H 8e 16ATP 2NH H 16ADP 16Pi       

* ii) Ammonification : Decomposition of organic nitrogen (proteins, nitrogenous excretions
etc.) of dead plants and animals into ammonia is called ammonification. It is carried out
by some
micro-organisms such as Bacillus ramosus, B. vulgaris, Actinomycetes etc.

Proteins are first broken into amino acids. The latter are deaminated to release organic
acids which are then used by the microbes for their own metabolism.

* iii) Nitrification : Some of the ammonia released in previous step, volatilizes and re-enters
the atmosphere but most of it is converted into nitrate by the soil microbes. This
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phenomenon of conversion of ammonia to nitrate is called nitrification. It is performed
in two steps:

* 1. In the first step, ammonia is oxidised to nitrites by the action of Nitrosomonas and/or
Nitrococcus bacteria.

3 2 2 22NH 3O 2NO 2H 2H O Energy     Nitrosomonas
Nitrococcus

* 2. In the second step, nitrite is further oxidised to nitrate with the help of Nitrobacter and/
or Nitrocystis.

2 2 32NO O 2 NO Energy   Nitrobacter
Nitrocystis

Overall Reaction : 
3 2 2 2 34 N H 7 O 4 e 6 H O 4 N O 4 N O     

* These nitrifying bacteria (Nitrosomonas, Nitrobacter etc.) are chemoautotrophs. They
use the energy liberated during nitrification in synthesis of organic substances from CO2
and a hydrogen donor. They are thus autotrophs (chemoautotrophs) which do not use solar
energy for synthesis of food.

* The nitrate thus formed, is absorbed by plants and is transported to the leaves. In leaves,
it is reduced to form ammonia that finally forms the amino group of amino acids.

Some fungi and bacteria can also carry out this step.

* iv) Denitrification : Some of the nitrates present in the soil is reduced to gaseous nitrogen
by the action of microorganisms. This process is called denitrification.

Denitrification is carried by bacteria Pseudomonas denitrification, Serratia, Clostridium,
Achromobacter and Thiobacillus denitrificans

3 2 2 22NO 2NO 2NO N O N     

Overall  Reaction : 
3 2 22NO 12H 10e N 6H O     

The released N2 escapes into the atmosphere.

BIOLOGICAL NITROGEN FIXATION (BNF)

Out of the total nitrogen fixed annually a fairly large part (upto 90%) is fixed by microbes.
It is possible by two methods.

* (1) Nitrogen fixation by free-living forms - These forms include both bacteria and
cyanobacteria.

* i) Bacteria - May show aerobic or anaerobic fixation in soil

* (a) Aerobic forms - Azotobacter, Bejierinckia etc.

* (b) Anaerobic forms - Rhodospirillum, Clostridium etc.

* ii) Cyanobacteria - Free living nitrogen fixing BGA include Nostoc and Anabaena.
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SYMBIOTIC NITROGEN FIXATION

* Among the several type of microbes fixing nitrogen, Rhizobium - legume interaction is most

prominent.

* Rhizobium is a rod-shaped, Gram –ve bacteria symbiotically associated with several

leguminous plants. It forms nodules or tubercules on the surface of tap roots of legume plants.

* Frankia produces root nodules on the surface of non-leguminous plants such as Alnus (Alder)

.

* Both Rhizobium and Frankia are free living forms in soil but as symbiont fix atmospheric

nitrogen.

NODULE FORMATION

* (i) Multiplication and colonization of Rhizobia in rhizosphere and attachment to epidermal

root hair cells. Initial attraction of Rhizobia to host root is chemotactic (Rhicadhesin

protein of bacterial cell identify host root) as roots exude amino acids, sugars, organic

acids and flavonoids.

* (ii) Characteristic curling of root hairs and invasion of the bacteria to form an infection

thread, by the invagination of plasma membrane of root hair cells and it reaches up to

the cortex of roots.

Curling of root hairs is stimulated by specific complex polysaccharides found on the

surface of Rhizobia, recognised by lectins (small proteins of host plant root) .

Soil 
particles

Root hair

Bacteria
Mature nodule

Development of root nodules in soyabean : (a)  bacteria contact a susceptible root Rhizobium
hair, divide near it. (b) Successful infection of the root hair cause it to curl. (c) Infected thread 
carries the bacteria to the inner cortex. The bacteria get modified into rod-shapcd 
bacteroides and cause inner cortical and pericycle cells to divide. Division and growth of 
cortical and pericycle cells lead to nodule formation. (d) A mature nodule is complete with 
vascular tissues continuous with those of the root.  

Bacteria

Hook

Inner cortex and 
pericycle cells
 under division

Infection 
thread 
containing
bacteria

* (iii) Nodule initiation and development in root cortex. Mitogenic agents secreted by
bacteria and auxin produced by plant cell promotes cell division and extension leading
to nodule formation. Nodule establishes direct vascular connection with host for
exchange of nutrients.

MECHANISM OF BIOLOGICAL NITROGEN FIXATION

* The atmospheric nitrogen is reduced by the addition of hydrogen atoms.
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The three bonds between two nitrogen atoms N N  of dinitrogen are broken and ammonia

(NH3) is formed by reduction of N N  and then reduction of ammonia (NH3) occurs to form

ammonium ions  4NH

The nitrogenase enzyme complex can be separated into two components - the Fe protein and
Fe- Mo protein  neither of which has catalytic activity by itself.

* An important point to note is that the enzyme nitrogenase is highly sensitive to molecular
oxygen as it functions under anaerobic conditions. Thus, the root nodules have adapted
themselves that ensure that the enzyme is protected from oxygen. In order to protect these
enzymes, the nodule contains a red or pink coloured pigment called leghaemoglobin. It is a
O2 scavenger. The presence of this coloured pigment in the cystol of nodule cells imparts
red or pink colour to the central portion of nodules.

N
N

N
N

N
N

N
N

H

H H

N
N

N
N

Product
[ammonia (NH )]3

Free nitrogenase
can bind another
molecule of N2

Enzyme
(nitrogenase)

Binding
of substrate +2H +2H +2H

Release
of product

Reduction Reduction

Reduction

Steps of conversion of atmospheric nitrogen to ammonia by nitrogenase enzyme 
complex found in nitrogen-fixing bacteria

H

H

H
H

H

H
H
H
H

H

H

H

H
H

H

* Steps in Nitrogen Fixation

(a) Reduction of N2 to NH3: N N 8e 8H 16ATP     

3 22NH H 16ADP 16Pi  

(b) Reduction of NH3 to NH4
+: 3 2 42NH H 2NH 2e   

* Overall reaction: 2N 8e 8H 16ATP    

3 22NH H 16ADP 16Pi  
* Biological nitrogen fixation is controlled mainly by four group of genes:

(i) Nod gene of host plant : These encode number of nodule specific protein called
nodulins, synthesis which are required for active nodule development.
(ii) nod, nif and fix gene of bacteria.

FATE OF AMMONIA

* Inorganic NH3 (Produced by nitrate reduction or biological fixation or obtained from soil as

4NH ) reacts with a TCA cycle intermediate

 -ketoglutaric acid to form an amino acid glutamic acid. This process known as Reductive
Amination or Amino acid Biosynthesis.

4Ketoglutaricacid NH NADPH  

2

Glutamate

dehydrogenase
Glutamic acid H O NADP  
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* Glutamate dehydrogenase belongs to oxidoreductases/class I of IUB system

* Transamination : Transfer of amino acid group from glutamic acid to other keto acid is known
as transamination. This is a process of formation of other amino acids in plants. (transminase
enzyme)

Transa minase

1 2 1 2

3 3

H H
| |

R C COO R C COO R C COO R C COO

| || || |
NH O O NH

   

 

         


* Glutamic acid is first formed amino acid in plants and can synthesize different amino acids
by transamination.

TRANSPORTATION OF ASIMILATED N
2 
:

* In plants transportation of assimilated N2 through xylem occurs mainly in form of amides
(Glutamine and Asparagine) , especially in leguminous plants.

* Amides are more stable than amino acids and possess high nitrogen to carbon ratio (2N to
5C in glutamine, while glutamic acid possess 1N to 5C)
Formation of amides from amino acids by the addition of amino group to the hydroxyl part
of acid group in amino acid. It is catalysed by enzyme and is called Catalytic amidation.

Glutamate + oxaloacetate asparatate + 2-oxoglutarate

It transfers amino group of glutamate to the carboxyl atom of Oxaloacetate and forms

asperate

Asparagine and Glutamine link carbon and nitrogen metabolism

The major pathway for asparagine synthesis involves the transfer of the nitrogen from

glutamine to aspartate:

Gluta min e asparate ATP  

iglutamate asparagine AMP PP  

ex. Asparagine synthetase (AS) enzyme

* Amides and Ureides are the transported form of nitrogen

The symbiotic nitrogen fixing prokaryotes release ammonia that, to avoid toxicity, must be
rapidly converted into organic forms in the root nodules before being transported to the
shoot via the xylem. Nitrogen fixing legumes can be divided into amide exporters or ureide
exporters on the basis of the composition of the xylem sap.
* i) Amides (principally the amino acids asparagines or glutamine) are exported by
temperate region legumes, such as pea (Pisum) , clover (Trifolium) , broad bean (Vicia)
, and lentil (Lens) .
* ii) Ureides are exported by legumes of tropical origin, such as soybean (Glycine) ,
kidney bean (Phaseolus) , peanut (Arachis) , and southern pea (Vigna) . The three major

ureides are allantoin, allantoic acid and citrulline.

*All three compounds are ultimately released into the xylem and transported to the shoot.
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MODEL TEST - 1

METHODS TO STUDY MINERAL NUTRITION

1. The first complete prescription of all
known mineral salts required for
preparing culture solution was given by
(1) Arnon (2) Knop
(3) Hoagland (4) Both (1) and (3)

2. Plants uptake minerals, mostly through
(1) Air (2) Photosynthesis
(3) Roots (4) Leaves

3. Who demonstrated the concept of
hydroponics for the first time ?
(1) Joseph Priestly (2) Julius Von Sachs
(3) Dalton (4) Calvin

4. Hydroponics is growing plants in the
complete absence of
(1) Water (2) Minerals
(3) Soil (4) Air

5. Soil-less culture helps in knowing
(1) Toxicity caused by an element
(2) Deficiency symptoms caused by an
element
(3) Essentiality of an element
(4) All of the above

6. Best method for commercial production of
lettuce is
(1) Aeroponics
(2) Sand culture
(3) Hydroponics
(4) More than one option is correct

7. Hydroponics refers to growing plants in
(1) macronutrients culture medium
(2) water
(3) solution of mineral nutrients
(4) soil

8. Hydroponics requires
(1) purified water     (2) impure water
(3) mineral nutrient salt
(4) both (1) and (3)

9. Hydroponics is a technique in which plants
are grown in
(1) green house
(2) water saturated sand
(3) balanced nutrient solution
(4) purified distilled water

10. Hydroponics in plants

(1) is used to determine essentiality of
elements (2) was first
standarised by Julius von Sachs
(3) requires purified water and mineral
nutrient salts
(4) more than one option is correct

11. Julius von Sachs was a _______ botanist.
(1) British (2) French
(3) German (4) Portugese

12. Which technique can be used for
commercial production of seedless
cucumber?
(1) Sand culture (2) Aeroponics
(3) Hydroponics (4) Both (2) and (3)

13. In hydroponics the plants can be grown in
a defined nutrient solution upto
(1) maturity (2) vegetative stage
(3) embryonic stage (4) callus formation

14. Which method is suitable to determine
chlorosis in a mustard plant?
(1) Aeroponics
(2) Growth in clayey soil
(3) Hydroponics (4) Sand culture

15. In the hydroponics plant production
technique in order to obtain the optimum
growth, nutrient solutions must be
(1) poorly aerated (2) a d e q u a t e l y
aerated (3) diluted
(4) none of these

16. Select the correct statement for
hydroponics, in the given statements (I-
IV)
I.Hydroponics technique is useful in areas
having    infertile and dry soils
II)Hydroponics can regulate pH optimum for
a particular crop.
III) It increases the labour cost
IV) It increases the problem of weeding
(1) I and IV (2) I and II
(3) I and III (4) Only I

MODEL TEST - 2

20. How many elements out of those
discovered are seen in different plants?
(1) 17 (2) 60
(3) 105 (4) 150
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21. Plants growing near the nuclear test sites
take up and accumulate which of the
following elements ?
(1) Gold (2) Selenium
(3) Strontium (4) All of these

22. Which one is not essential for plants ?
(1) Iron (2) Zinc
(3) Iodine (4) Potassium

23. The plant ash indicates
(1) organic matter of plants
(2) mineral salts absorbed by plants
(3) both mineral salts and organic matter
(4) silica absorbed by plants

24. Mxaximum percentage of which element
occurs in plant ash?

(1) Magnesium (2) Zinc
(3) Potassium (4) Calcium

25. The first stable product of fixation of
atmospheric nitrogen in leguminous plant
is

(1) 2NO (2) 3NH

(3) 3NO (4) Glutamate

26. Nitrogen is an important constituent of
(1) proteins (2) lipids
(3) carbohydrates (4) polyphosphate

27. Molybdenum is involved in plant
metabolism in
(1) translocation of solutes

(2) nitrogen fixation
(3) tryptophan synthesis
(4) ascorbic acid synthesis

28. Which one of the following is ‘Arnon’s
criterion for essentiality’ of element ?
(1) In the absence of element, plants do not
complete their life cycle or set seeds
(2) Deficiency of element cannot be met by
supplying other elements
(3) Element must be directly involved in
metabolism  of the plant
(4) All of the above

29. Following all are macronutrients except.
(1) N         (2) P (3) S        (4) Mn

30. The  concentration of elements such as
carbon and nitrogen in plants is
(1) Above 10 millimole kg–1 of dry matter
(2) Less than 10 millimole kg–1 of dry matter

(3) Equal to 10 millimole kg–1 of dry matter
(4) Between 1-10 millimole g–1 of dry matter

31. Which of the following  is not essential for
all plants ?
(1) Mg (2) Co (3) Mo (4) Ni

32. Select the odd one out from the following
w.r.t. macronutrient.
(1) Nitrogen (2) Phosphorus
(3) Iron (4) Sulphur

33. Which of the following is a micronutrient
?
(1) Ca         (2) Mg (3) K       (4) Ni

34. Select incorrect statement w.r.t.
micronutrients.
(1) Become toxic in excess
(2) Involved in activation of enzymes
(3) Involved in building of protoplasmic
constituents
(4) Concentration is less than 10 millimole
kg–1 of dry matter

35. Essential elements are :

(1) Only micronutrients

(2) Only macronutrients

(3) C,H,O and N only
(4) Both macro and micronutrients

36. Tracer elements are
(1) microelements (2) macroelements
(3) radioisotopes (4) vitamins

37. The most abundant element present in the
plants is
(1) iron (2) carbon
(3) nitrogen (4) manganese

38. Which of the following is a macronutrient?
(1) Molybdenum (2) Calcium
(3) Zinc (4) Manganese

39. An essential elements is that which
(1) improves health of the plant
(2) is irreplaceable and indispensable for
growth of plants
(3) is found in plant ash
(4) is available in the soil

40. Which of the following is an essential
element for plants?
(1) Potassium (2) Sodium
(3) Aluminium (4) Cobalt
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41. Micronutrients in plants include
(1) Mn, Ni, Zn (2) Mg, Mn, Mo
(3) Cu, B, O (4) Ca, S, Fe

42. Which one is the cofactor of carbonic
anhydrase?
(1) Iron (Fe) (2) Zinc (Zn)
(3) Copper (Cu) (4) Magnesium (Mg)

43. Who proposed the law of minimum ?
(1) Blackman (2) Liebig
(3) Van Helmont (4) Glauber Mayhow

44. Which is not a protoplasmic element?
(1) N     (2) P (3) K     (4) Fe

45. Choose the correct option w.r.t. the given
elements N, P, K, Na, Si, Co
(1) Three - catalytic, Three-micro elements
(2) Four - essential, Two-energy elements
(3) Three - essential, Three - beneficial
elements
(4) Two - structural, Four - functional
elements

46. ‘Criteria of essentiality’ states that
requirement of element by the plant is
(a) specific
(b) non-replaceable
(c) absolutely necessary
(d) indirect for metabolism
(1) a, b and c (2) a, b and d
(3) a and c only (4) a, c and d only

47. A macronutrient which is a component of
all organic compounds but is not a mineral
element is
(1) Fe     (2)P     (3)Mg (4)C

48. The four categories of essential elements
have been distinguished on the basis of
(1) Diverse function. (2) Mobility
(3) Deficiency symptoms
(4) Quantitative requirement

MODEL TEST - 3

ROLE  OF MACRO AND  MICRONUTRIENTS

49. Necrosis is the term used for the

(1) falling of leaves
(2) delay in flowering

(3) death of plant tissue
(4) inhibition of cell division in plants

50. Chlorosis is

(1) loss of chlorophyll (2) yellowing of leaves
(3) death of plant tissue
(4) both (1) and (2)

51. Most of the plants obtain or absorb
nitrogen from soil in the form of

(1) free nitrogen gas (2) nitric acid
(3) nitrite (4) nitrates

52. Chief sink of minerals are

(1) apical and lateral meristems
(2) young leaves and storage organs

(3) developing flower, fruits and seeds
(4) all the above

53. All elements are remobilized except

(1) P (2) N
(3) K (4) Ca

54. Which element plays an important role in
opening and closing of stomata ?

(1) P (2) N
(3) K (4) Ca

55. Element present in middle lamella is

(1) Zn (2) Cu
(3) Ca (4) K

56. An element which helps in joining the
subunits of ribosomes is

(1) Ca (2) Mg
(3) K (4) S

57. Plants absorb zinc as

(1) Zn (2) ZnSO4
(3) Zn2+ (4) Zn(NO3) 2

58. Most abundant cation in plant vacuole is

(1) Zn (2) Cu
(3) Ca (4) K

59. An element essential for nitrogen
metabolism is

(1) K (2) Mo
(3) Mg (4 )Mn

60. Which element plays a vital role in
splitting of water to liberate oxygen during
photosynthesis?

(1) Copper (2) Boron
(3) Carbon (4) Manganese

61. Necrosis in crops is due to the deficiency
of
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(1) Ca, K, Cu and Mg  (2) N, K, S and Mo
(3) N, S, Fe and Zn (4) Mg, S, Mn and Ca

62. Dieback disease in Citrus occurs due to
deficiency of

(1) Mn (2) Mg
(3) Zn (4) Cu

63. Which one of the following elements is not
an essential micronutrient for plant
growth?

(1) Mn (2) Zn
(3) Ni (4) Ca

64. ‘Mottled chlorosis’ on the leaves occurs
due to deficiency of

(1) nitrogen (2) phosphorus
(3) potassium (4) sulphur

65. Zn, Mo, Fe, Cu are

(1) trace elements

(2) non-essential elements

(3) macronutrients (4) none of these

66. Sulpher is present in

(1) Ferridoxin (2) Chlorophyll
(3) Glysine (4) Carotene

67. Which element is required for the
germination of pollen grains?

(1) Boron (2) Calcium
(3) Chlorine (4) Potassium

68. An immobile element in plants is

(1) calcium (2) potassium
(3) phosphorus (4) nitrogen

69. In how many broad categories can the
essential elements be grouped on the basis
of their diverse function?

(1) 1       (2) 2 (3) 3          (4) 4

70. Select the incorrect match from these
given below :

Element Absorbable form

(1) Nitrogen 3 2 4NO , NO , NH  

(2) Sulphur 2S 

(3) Iron 3Fe 

(4) Boron 3 2
3 4 7BO ,B O 

71. Which of the following minerals activates
the enzymes involved in respiration?
(1) Nitrogen and Phosphorus
(2) Magnesium and Manganese
(3) Potassium and Calcium
(4) Sulphur and Iron

72. Which of the following is not caused by
deficiency of mineral?
(1) Chlorosis (2) Etiolation
 (3) Shortening of internodes  (4) Necrosis

73. Molybdenum does not cause
(1) Inhibition of cell division
(2) Whiptail (3) Reclamation
(4) Chlorosis

74. Chlorosis is caused due to deficiency of
(1) magnesium (2) calcium
(3) boron (4) chlorine

75. Premature leaf fall is due to deficiency of
(1) phosphorus (2) nitrogen
(3) calcium (4) potassium

76. The elements, which occur in nucleic acid
macromolecule are
(1) C, H, O, N, S (2) C, O, N, S
(3) C, O, P, S (4) C, H, O, N, P

77. Deficiency of which of the following can
cause yellowing of intervenous regions of
leaves
(1) Calcium (2) Potassium
(3) Copper (4) Phosphorus

78. The core metal in chlorophyll pigment is
(1) Fe (2) Mg
(3) Ni (4) Cu

79. Copper is present in
(1) plasmalemma (2) plastoquinone
(3) plastocyanin (4) ferredoxin

80. In plants, chlorosis is caused by the
deficiency of
(1) nitrogen (2) manganese
(3) magnesium (4) all the above

81. Chief sink of mineral elements are

(1) bark (2) ripe fruits
(3) senescent leaves (4) lateral meristems

82. The most abundant intracellular cation is

(1) K+ (2) Na+
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(3) Ca2+ (4) H+

83. An element is involved in opening and
closing of stomata, the other helps to
maintain ribosome structure. They are

(1) K and Ca (2) P and S
(3) K and Mg (4) Fe and Mg

84. Grey specks in Oats is caused by

(1) Mg (2) Cl
(3) B (4) Mn

85. All elements are remobilized except

(1) P (2) N
(3) K (4) S

86. Which of these is required for all
phosphorylation reactions ?

(1) N (2) Ca
(3) P (4) K

87. Which element is involved in the
formation of mitotic spindle ?

(1) N (2) P
(3) Ca (4) K

88. Which element generally activates
decarboxylase enzyme ?

(1) Mo (2) Mn
(3) Mg (4) Zn

89. Reduced nodulation occurs due to
deficiency of

(1) carbon (2) copper
(3) boron (4) molybdenum

90. Molybdenum is available in which ionic
form?

(1) Mo3+ (2) Mo4+

(3) MoO2
2– (4) Both (1) and (2)

91. Which of the following elements can be
considered as macronutrients for plants?

(1) Zinc (2) Boron
(3) Nickel (4) Phosphorus

92. Which of the following are considered as
functioning of iron (Fe) in plants?
I. Important constituent of cytochrome
II Activator of catalase
III Essential for chlorophyll synthesis

Choose the correct option.
(1) Only I (2) Only III
(3) Only II (4) All of these

93. Minerals involved in carbohydrate
translocation, maintaining ribosome
structure and activation of nitrogenase
are respectively
(1) Mn, B, Ca (2)  B, Mg, Mo
(3) Ca, Mn, Mo (4) Cu, Mg, B

94. Yellowing of leaf due to loss of chlorophyll
occurs due to deficiency of mainly
(1) Si, Se (2) Cu, Cl
(3) Ca, Cu (4) Mg, S

95. Toxicity symptoms of elements are
difficult to indentify. Which of the
following statement justifies this?
(1) Deficiency of micronutrients leads to the
toxicity of macronutirents
(2) Toxicity of micronutrients leads to
deficiency of macronutrients
(3) Deficiency of macronutrients leads to
toxicity of micronutrients
(4) Toxicity of macronutrients leads to
deficiency of micronutrients

96. Following functions are related to mainly
which element ?

(A)Activates enzymes of photosynthesis and
respiration

(B) Involved in synthesis of DNA and RNA

(C) Helps to maintain structure of ribosome

(1) Ca (2) Mg

(3) S (4) Fe
97. Nitrogen is required mainly by which of

the following parts of the plants?
I. meristematic tissues
II. differentiating tissues
III. vascular tissues
IV. metabolically active cell
Choose the correct option/s.
(1) Only II (2) Only I
(3) I and II (4) I and IV

98. Read the functions given below and
identify the concerned nutrient.
I. Activator of catalase
II. Important constitutent of  cytochrome
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III Important constituent of proteins involved
in ETS   IV. Essential for chlorophyll synthesis.
(1) Mo (2) Fe
(3) Cu (4) Ca

99. ‘X’ is essential micronutrient required in
leaves  and root. Major function of ‘X’ is
to perform metabolism of urea and ureids
and its deficiency causes leaf tip necrosis.
It is
(1) Sulphur (2) Magnesium
(3) Zinc (4) Nickel

100.Which of the following is the function of
potassium?
(a) Cation-anion balance in cell
(b) Involved in starch synthesis
(c) Activation of enzyme
(d) Opening and closing of stomata
(e) Maintenance of turgidity of cell
(1) All except (a)  (2) All except (a) and
(b) (3) All except (c)  (4)
All the above

MODEL TEST - 4

TOXICITY OF MICRONUTRIENTS

103.Mn toxicity induces deficiency of

(1) Fe (2) Mg
(3) Ca (4) All of these

104.Mineral toxicity can reduce the dry
weight of tissues by

(1) 5 percent (2) 10 percent
(3) 15 percent (4) 50 percent

105.Manganese toxicity leads to competition
with which nutrient for binding with
enzymes?

(1) Calcium (2) Magnesium
(3) Iron (4) All the above

106.Critical concentration of nutrients

(1) are uniform for all micronutrients
(2) control functioning of only
micronutrients

(3) vary widely for different micronutrients
(4) can be determined on the basis of fresh
weight

107.Excess of manganese inhibits translocation

of ____ to the shoot apex.

(1) calcium (2) potassium

(2) iron (3) magnesium

108. Inhibition of cell division is due to

deficiency of

(1) N, K, Mg, Fe, Mn, Zn and Mo

(2) Ca, Mg, Cu, S, Mo and K

(3) N, K, S and Mo (4) N, K, Mg and Fe

MODEL TEST - 5

MECHANISMS OF ABSORPTION OF ELEMENTS AND

TRANSLOCATION OF SOLUTES

109.NPK refers to

(1) green manure (2) fertilizer
(3) biomolecule

(4) energy rich biomolecule

110. Ionophores/ Ion-channels mostly function

(1) by using ATP
(2) against the concentration gradient

(3) by passive transport
(4) both (1) and (2)

111. Mineral salts which are absorbed by the
roots from the soil are in the form of

(1) very dilute solution
(2)  dilute solution (3) c o n c e n t r a t e d
solution (4)
very concentrated solution

112. By which method ions are absorbed by the
plants in the initial phase?

(1) Diffusion (2) DPD gradient
(3) Ion channels (4) Water potential

113. Which one of the following statement is
incorrect?

(1) The first phase of mineral absorption is the
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rapid uptake of ions into free or outer space

(2) In the second phase of uptake, ions are
slowly  taken into inner space, the symplast
of the cells

(3) Movement of ion is usually called flux

(4) Inward movement of ion is outflux and
outward   movement of ion is called influx

114. Uptake of most  of the minerals by roots
in apoplast is

(1) active, apoplastic
(2) symplastic, passive

(3) active, ATP dependant
(4) passive, involving

specific proteins

115. Flux is

(1) movement of ions
(2) movement of organisms

(3) deficiency of elements
(4) toxicity of  micronutrients

SOIL  AS A RESERVOIR OF ESSENTI

MODEL TEST - 6

SOIL AS A  RESEVOIR OF  ESSENTIAL ELEMENTS

116. Which mineral nutrients are called critical
element for crops ?
(1) N,P,K (2) C,H,O
(3) N,S, Mg (4) K, Ca, Fe

117. Most critical element for plant growth is
(1) Mg (2) N
(3) Fe (4) Cu

118. A prokaryote organism responsible for
converting ammonia to nitrites is
(1) Nitrosomonas (2) Nitrobacter
(3) Thiobacillus (4) Rhizobium

119. Which of the following are reservoirs
for phosphorus and nitrogen cycle
respectively?
(1) Atmosphere and bedrocks
(2) Bedrocks and atmosphere
(3) Consumers
(4) Atmosphere and producers

120.Crop rotation is used by farmers to

increase
(1) Drougt resistance power
(2) Community area
(3) Phosphate contentin soil
(4) Nitrogen content in the soil

121.Most mineral cations are
(1) Adsorbed on soil surface
(2) Leached from the soil solution by
percolating water
(3) Exchanged with anions on the surface of
clay particles
(4) More than one option is correct

122.Soil enrichment of dissolved ions and
inorganic salts occurs due to
(1) weathering (2) pedogenesis
(3) humification (4) all the above

123.Foliar spray is more effective than
application of nutrients to soil for
(1) iron (2) magnesium
(3) potassium (4) calcium

MODEL TEST - 7

METABOLISM OF NITROGEN, NITROGEN CYCLE

BIOLOGICAL NITROGEN FIXATION.

124. In root nodules of legumes,
leghaemoglobin is important because
(1) it transports oxygen to the root nodule
(2) it acts as an oxygen scavenger
(3) it provides energy to the nitrogen fixing
bacterium (4) it acts as a catalyst
in transamination

125.During N2 fixation, reduction of one
molecule of N2 into two molecules of NH3
consumes...molecules of ATP. Fill in the
blanks with correct option.
(1) 4 (2) 16
(3) 56 (4) 38

126.Mineral involved in nitrogen fixation is
(1) Cu (2) B
(3) Zn (4) Mo

127.Where do bacteroids occur in a legume
plant?
(1) Leaves (2) Root nodules
(3) Stem (4) Flower
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128.Amides are transported to the other parts
of plant through

(1) phloem (2) xylem
(3) parenchyma

(4) cyclosis and active transport

129.The given equation refers to

N2 + 8e– + 8H+ + 16ATP 2NH3 + H2 +
16ADP + 16Pi

(1) Ammonification (2) Nitrification
(3) Denitrification (4) Nitrogen fixation

130.Members of Bean family are particularly
important in rotation of crop, because

(1) they add green manure
(2) they add nitrates to soil

(3) they make soil porous
(4) they add calcium to soil

131. Insectivorous plants usually survive in
(1) water rich soil
(2) N2 deficient soil
(3) N2 rich soil
(4) sugar deficient medium

132.Which of the following is a bacterium
involved in denitrification?
(1) Nitrococcus (2) Nitrosomonas
(3) Pseudomonas (4) Nitrobacter

133.Molybdenum is the essential constituent
of

(1) nitrogenase (2) respiratory chain
(3) growth regulators (4) chlorophyll

134.Rhizobium and Frankia are concerned
with

(1) ammonification (2) nitrification
(3) biological nitrogen fixation
(4) denitrification

135.Nature of leghaemoglobin is

(1) Protein (2) Lipid
(3) Polysacharide (4) Nucleic acid

136.Free living nitrogen fixing anaerobic

bacterium is

(1) Rhodospirillum (2) Anabaena
(3) Nostoc (4) Beijerinckia

137.Which cells divide during nodule
formation?

(1) Cortex (2) Pericycle
(3) Endodermis (4) Both (1) and (2)

138.How many ATP are required to form one
molecule of ammonia by nitrogen fixation
through Rhizobium?

(1) 16 ATP (2) 20 ATP
(3) 8 ATP (4) 4 ATP

139.Nitrite is converted into nitrate by

(1) Nitrosomonas (2) Nitrobacter
(3) Pseudomonas (4) Clostridium

140.Enzyme required for nitrogen fixation is

(1) nitrogenase (2) nitroreductase
(3) transaminase (4) transferase

141.The enzyme responsible for the reduction
of molecular nitrogen to the level of
ammonia in leguminous root nodule is

(1) nitrogenase (2) nitrate reductase
(3) nitrite reductase (4) hydrogenase

142. Insectivorous plants eat the insects for
obtaining

(1) Na-K (2) nitrogen
(3) chlorine (4) phosphorus

143.Farmers in a particular region were
concerned that pre-mature yellowing of
leaves of a pulse crop might cause
decrease in the yield. Which treatment
could be most beneficial to obtain
maximum seed yield?

(1) Frequent irrigation of the crop

(2) Treatment of the plants with cytokinins
along with a small dose of nitrogenous
fertilizer

(3) Removal of all yellow leaves and
spraying the remaining green leaves with 2, 4,
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5-trichlorophenoxyacetic acid

(4) Application of iron and magnesium  to
promote synthesis of chlorophyll

144.The process of decay of dead organic
matter is known as

(1) denitrification (2) nitrification
(3) nitrogen fixation (4) ammonification

145.Select the correct statement from the
given below.

(1) Legumes are incapable of fixing nitrogen
directly

(2) Legumes fix nitrogen through bacteria
living in       fruits

(3) Legumes fix nitrogen by bacteria present
      in root nodules

(4) All legumes have stem nodules

146.The function of leghaemoglobin during
biological nitrogen fixation in root nodules
of legumes is to

(1) convert atmospheric nitrogen to ammonia
(2) convert ammonia to nitric acid

(3) transport oxygen for activity of
nitrogenase (4) p r o t e c t
nitrogenase from oxygen

147.The conversion of nitrate to nitrogen is
called

(1) nitrification (2) denitrification
(3) ammonification (4) nitrogen fixation

148.Reaction of  -ketoglutaric acid with
ammonia to form glutamic acid is called

(1) oxidative amination (2)
reductive amination (3) transamination
(4) ammonification

149.Nitrogen fixing free living soil bacteria are

(1) Azotobacter (2) Beijerinckia
(3) Clostridium (4) all the above

150.Nitrate assimilation is

(1) an energy requiring process
(2) an energy liberating process

(3) deamination (4) r e d u c t i v e
amination

151.Nitrifying bacteria are

(1) autotrophs (2) chemoautotrophs
(3) phototrophs (4) heterotrophs

152.The first stable product of fixation of
atmospheric nitrogen in leguminous plants
is
(1) glutamate (2) NO2

–

(3) ammonia (4) NO3
–

153. In nitrogen cycle, Thiobacillus sp bacteria
(1) fixes nitrogen
(2) produces elemental nitrogen
(3) oxidises ammonium to nitrate
(4) transfers elemental nitrogen

154.Element involved in nitrogen fixation is
(1) zinc (2) boron
(3) iron (4) chlorine

155.Which of the following bacterium causes
denitrification?
(1) Azotobacter (2) Nitrobacter
(3) Nitrosomonas (4) Pseudomonas

156.The enzyme nitrogenase is a

(1) Cu-Fe protein (2) Ni-Fe protein
(3) Mo-Fe protein (4) Ni-Cu protein

157.Element related to nitrogen metabolism
is

(1) manganese (2) magnesium
(3) zinc (4) molybdenum

158.Nitrogenase enzyme occurs in

(1) Cortical cells   (2) Xylem of root
nodules

(3) Bacteroids
(4) Peribacteroidal membrane

159.Which of the following is an amide
involved in nitrogen assimilation by
plants?
(1) Glutamine (2) Alanine
(3) Asparagine (4) Both (1) and (3)

160.The structure present in cyanobacteria
(BGA) that helping in nitrogen fixation is
(1) chlamydospore (2) akinete
(3) oidia (4) heterocysts

161.Which of the following gene clusters in
bacteria is responsible for nitrogen
fixation?
(1) Nod, nif, fix (2) Nod, ndf, nfx
(3) Nod, nix, nfx (4) Ndx, nif, fix

162.Carefully read the following reactions
carried out by nitrifying bacteria. Identify
the statement about these equations which
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is not true.

 3 2 2 22NH 3O 2NO 2H 2H O I    

 2 2 32NO O 2NO II  

(1) Step I is carried out by Nitrosomonas or
      Nitrosococcus

(2) Step II is carried out by Nitrobacter

(3) Both Step I and II can be called nitrification

(4) Both the steps occur only in
photoautotrophs

163.Sequential stage for nodule formation are

I.  Rhizobia multiply and colonize the
surrounding     roots

II. Rhizobia get attached to epidermal and
root       hair cells

III. Root hair curl and bacteria invade root
hair

IV. Initiation of nodule formation in cortex

V. Infection thread is produced carrying
bacteria to cortex

VI. Bacteria released from thread into cells
and cause their differentiation in specialized
nitrogen fixing cells.

VII. Nodule formed establishes a direct
vascular connection with the host for
exchange of nutrient.

(1) I VII II VI II V IV
(2) II III IV I VII V VI

(3) VII VI IV I III V II
(4) I II III V IV VI VII

164. (a)

4
Aketoglutaricacid NH NADPH H     

glutamate + H2O + NADP+

(b) 2

3

B

H
|

R C COO R C COO
| ||

NH O
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H
|

R C COO R C COO
|| |
O NH

 



    

What are A and B mentioned above the
arrow?

(1) A-Glutamate dehydrogenase, B-
Transaminase (2) A-Transaminase,
B-Glutamate dehydrogenase

(3) A-Nitrogenase, B-Transaminase
(4) A-Glumate aminase, B-Dehydrogenase

165.Read the following
A. Hydroxyl part of amino acid is replaced
by another amino group.
B. Transfer of amino group from the keto
acid to amino acid.
C. Hydroxyl part of keto acid is replaced
by amino group.
D. Transfer of amino group from the amino
acid to the keto group of keto acid.
Find the correct combination
(1) A-Amide formation, D-Transamination
(2) B-Transamination, C-Amide formation
(3) C-Amide formation, D-Transamination
(4) A-Amide formation, B-Nitrification

166.Amino acid playing an important role in
nitrogen metabolism is
(1) Tryptophan (2) Methionine
(3) Glutamic acid (4) Phenylalanine

167. In plants storage and transported form of
nitrogen is/ are
(1) Amides (2) Glutathione
(3) NH3 (4) All of these

168.Select the correct match from the given
options.
I. Nitrosomonas -Nitrite to nitrate
II. Thiobacillus -Denitrification
III. Nostoc          -Free-living nitrogen
fixer
IV. Azotobacter   -Anaerobic nitrogen
fixer
(1) I and II (2) III and IV
(3) II and III (4) II and IV

169.Select the  odd microbe from the following
options by considering its role in nitrogen
cycle.
(1) Clostridium (2) Nostoc
(3) E.coli  (4) Rhizobium
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170.Before being incorporated as organic
compounds the nitrate absorbed is first
converted to the level of

(1) NH3 (2) NO2
(3) N2 (4) FMNH2

171.Nitrogenase enzyme does not require for
its activity

(1) 16 ATP (2) Leghaemoglobin
(3) Rhizobia (4) NADH2

172. Identify the role of lectins in formation of
root nodules in legumes.

(1) Formation of shepherd’s crook
(2) Recognition of compatible Rhizobium by host

(3) Formation of peribacteroidal membrane
(4) Formation of infection thread

173.What is false for nitrogenase enzyme?

(1) has two subunits
(2) is the site for formation of NO2

(3) synthesised by Rhizobium
(4) has broad substrate specificity

174.Which of the following statement is
incorrect?

(1) Rhizobium and Frankia are free living
bacteria   of soil

(2) Symbiotic Rhizobium is rod shaped
(Bacillus)

(3) Root nodules of pulse are pink due to
the       presence of leghaemoglobin

(4) Frankia can fix nitrogen in Alnus

175.Select the incorrect statements from the
following.

(1) The amides- aspargine and glutamine are
found in plant as structural part of protein

(2) Amides contain less nitrogen than amino
acid

(3) NH2 radicle is transported to other parts
via xylem

(4) In soyabean, fixed nitrogen is transported

as ureides

176.Nitrogen fixation is the process of
conversion of  nitrogen to

(1) ammonia (2) nitrite
(3) nitrate (4) all of these

177.Transamination is a process which
involves

(1) reaction of ammonia with  -
ketoglutaric acid and forms glutamic acid

(2) the transfer of amino group from one
amino acid to the keto acid

(3) the transfer of amino group from keto
glutaric acid to the amino acid

(4) synthesis of amino acid

QUESTION BANK - I

1. The step of nitrogen metabolism in which
microbes are not involved

(1) Nitrogen fixation

(2) Nitrogen assimillation

(3) Ammonification

(4) Nitrification

2. Identify the labels X and Y in the given
outline of N2 cycle and select the correct
option.

Atomspheric nitrogen

Soil nitrogen poll
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X

Plant
biomass

Animal
biomass

Decaying
biomass

Y(Uptak
e)

              X            Y
(1) Denitrification Ammonification
(2) N2 fixation Ammonification
(3) Ammonification Denitrification
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(4) Nitrification Denitrification
3. Read the following statement and select

the correct answer.
I. Rhizobium leguminosarum is also
known as Bacillus radicicola.
II. Nitrifying bacteria (Nitrosomonas
etc.) are chemoautotrophs.
III. Enzyme nitr ogenase f ixes N2 under
aerobic conditions.
IV. Leghaemoglobin creates aerobic
conditions for the enzyme nitrogenase.
(1) Statement (I) , (II) and (III) are correct
(2) Statement (I) and (II) are correct
(3) Statement (III) and (IV) are correct
(4) All statements are correct

4. Identify the sequence of steps of nitrogen
cycle showing relationship between the
three main nitrogen pools – atmospheric,
soil and biomass.
(1) Atmosphere N2  soil N2 Pool 
plant biomass   animal biomass 
decaying biomass
(2) Animal biomass   decaying biomass
  plant biomass   soil N2 Pool 
Atmospheric N2

(3) Soil N2 Pool   atmospheric N2 
decaying biomass   animal biomass
(4) None of the above

5. What is the ATP requirement for
formation of two molecules of ammonia
from N2?
(1) 18     (2)20 (3) 16      (4)12

6. The loss of minerals from soil due to
percolation  is called
(1) Translocation (2) Conduction
(3) Imbibition (4) Leaching

7. In Nostoc nitrogen fixation takes place
by
(1) Hormogonia (2) Auxospores
(3) Heterocyst (4) Chlamydospores

8. Root nodules in Casuarina are formed by
(1) Rhizobium (2) Frankia sps.
(3) Glomus (4) Azotobacter

9. Which of the following elements are used
up in phosphorylation?
(1) N and P (2) I and P
(3) Ca and Mg (4) Ca and S

10. Identify the A to D correctly in the given

diagram of root nodule development and
choose the correct option accordingly.

A

B

    

      
D

C

 

Mature nodule

(1) A-Rhizobial bacteria, B-Cortex cell, C-
Outer cortex, D- Infection thread
(2) A-Rhizobial bacteria, B-Cortex cell, C-
Inner cortex, D- Infection thread
(3) A-Rhizobial bacteria, B-Endodermal
cell, C-Inner endodermis, D- Infection
thread
(4) A-Nitrosomonas bacteria , B-Cortex
cell, C-Inner cell , D- Infection thread

11. Given diagram belongs to bacteroids in
nodule. Identify A and B and choose the
correct option accordingly
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A

B

(1) A-Bacteria, B-bacteroids
(2) A-Leghaemoglobin, B-bacteroides
(3) A-Peribacteroid membrane, B-bacteroids
(4) A-Bacteroids, B-leghaemoglobin

12. The following reaction represents

4 2ketoglutaric acid NH NADPH  

    Glutamate
2dehydrogenase

Glutamate H O NADP  

(1) reductive amination
(2) transamination
(3) amination
(4) nitrification

13. Select the correct set of statements for the
given diagram of  N2 fixation and choose
the correct option accordingly.

N
N

N
N

H

N
N

Enzyme
(nitrogenase)

Binding
of substrate +2H +2H

Reduction Reduction

H

N
N

N
N

H H

N
N

Product
[ammonia (NH )]3

Free nitrogenase
can bind another
molecule of N2

+2H

Release
of product

Reduction
H

H
H

H

H
H
H
H

H

H

H

H
H

H

I. Nitrogenase catalyses the reaction.

II. The formation of ammonia is a reductive
process.

III. One molecule of nitrogen produces two
molecules of ammonia

IV. Nitrate reductase catalyses the reaction.

V. Formation of ammonia is an oxidative
reductive process.

VI. One molecule of nitrogen produces one
molecule of ammonia.

Which is the correct option?

(1) I, II and III (2) IV, V and VI

(3) I, V and VI (4) III, IV and V

14. The most important amide present in plants
1) Glutamine-a structural part of protein
2) Asparagine-a functional part of protein
3) Glutamate-a structural part of protein
4) Aspartate-a functional part of protei

15. The deficiencies of micronutrients not only
affect the growth of the plants but also
its vital functions, such as photosynthetic
and mitochondrial electron flow. Among
the list given below, which group of three
elements will mostly affect, both
photosynthetic and mitochondrial electron
transport?
(1) Cu, Mn and Fe (2) Co, Ni and Mo
(3) Mn, Co and Ca (4) Ca, K and Na

16. A small aquatic plant was put in each of
the petri dishes X, Y, Z, containing
different culture solutions, After six
weeks, the plants dish-X had the same
number of leaves as it had previously and
they all were small and yellowish. Plant
in dish Y had more leaves of normal size
and dark green colour. Plants in dish Z had
more leaves of normal size but very pale.
Identify the missing elements in all the
three petridish (X, Y, Z) ?
(1) X-Magnesium, Y-Phosphorus, Z-Nitrogen
(2) X-Phosphorus, Y-Magnesium, Z-Nitrogen
(3) X-Phosphorus, Y-Nitrogen, Z-Magnesium
(4) X-Magnesium, Y-Nitrogen, Z-Phosphorus

17. Which one of the following roles is not
characteristic of an essential element?
(1) Being a component of biomolecules
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(2) Changing the chemistry of soil
(3) Being a structural component of energy
related chemical compounds
(4) Activators or inhibitors of enzymes

18. Which one of the following statements can
best explain the term critical concentration
of an essential element?
(1) Essential element concentration below
which plant growth is retarded
(2) Essential element concentration below
which plant growth becomes stunted
(3) Essential element concentration below
which plant remains in the vegetative phase
(4) None of the above

19. In legumes root nodules are formed from
(1) root hairs (2) medulla
(3) pericycle and cortex (4) protoxylem

20. Choose the incorrect statement regarding
symbiotic N2 fixation
(1) Nitrogenase may require oxygen for its
      functioning
(2) Nitrogenase is Mo-Fe protein
(3) Leghemoglobin is a pink coloured
pigment
(4) Nitrogenase helps in convert N2 gas into
two   molecules of
ammonia

21. Protoplasmic elements are
(1) C, H, O, P, N, S (2) C, H,O, Fe, N
(3) N, S, Fe, P, K (4) Fe,Mg, Ca, N, P

22. Active uptake of minerals depends upon
(1) Active water absorption
(2) Transpiration (3) Photorespiration
(4) Dephosphorylation

23. Cobalt present in
(1) Vit.–A (2) Vit.–B2
(3) Vit.–B12 (4) PC

24. In which one of the following is nitrogen not

a constituent?

(1) Lipids (2) Bacteriochlorophyll

(3) Invertase (4) Pepsin

25. Which of the following is a plant contains

filamentous nitrogen-fixing

microorganism?

(1) Cicer arietinum   (2) Casuarina equisetifoli

(3) Crotalaria juncea(4) Cycas revoluta

26. The common nitrogen - fixer in paddy

fields is

(1) Rhizobium (2) Azospirillum

(3) Oscillatoria (4) Frankia

27. Which  of  the  following  is/are  free living

in soil,  but as symbionts, can fix

atmospheric nitrogen ?

1) Rhizobium 2) Frankia

3) Both  (1) and (2) 4) Azotobacter

28. Nitrate assimilation is the

1) Oxidation of 3NO  2) Reduction of 3NO

3) Reduction of 4NH 4) Oxidation of  to

29. Select out the correct match
1) Structural elementsMg,K,Fe
2) Energy related elements   C,H,O,N
3) Enzyme activation elements Mo,Mg
4) Osmotic regulation related element
Mg,P

30. Except which of the following, all the other
essential nutrients are absorbed in the
form of minerals?
1) C,H,O 2) N,P,K
3) S,Ca,Mg 4) Mn, Cl, Zn

31. The enzyme, nitrogenase which is capable
of nitrogen reduction, is present
1) only in some eukaryotes
2) exclusively in prokaryotes
3) exclusively in eukaryotes
4) in all the living organisms

32. During the formation of amides from amino
acids
1) COOH part of acid is replaced by NH2
2) NH2 part of acid is replaced by COOH
3) OH part of acid group is replaced by NH2
4) NH2 part of acid is replaced by OH

33. Which of the following statements are not
correct in reference to hydroponics?
I. It determines the mineral nutrients essential
for the plants
II. The hydroponics involves the culture of
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plants in soil and defined mineral solution.
III. Hydroponics requires purified water with
non-defined mineral nutrient salts.
IV. In the hydroponics technique, plants are
grown in sandy soil with nutrient solution.
V. By this method, essential elements
required for the growth of plants can be
identified and their deficiency symptoms can
also be discovered
(1) II, III and IV
(2) II and V
(3) Only III
(4) None of these

34. Select the incorrect statement w.r.t.
criteria of essentiality of minerals
(1) Element must be necessary for normal
growth and reproduction
(2) Element must be replaceable by another
(3) Disorders caused by the absence /
deficiency of an element can be corrected
only by adding the specific element
(4) Element must be directly involved in
plant metabolism

35. Match the list of items of  Column I and
Column II and select the correct match.

Column I Column II

A. Photolysis of water 1.Zinc

B. Diazotrophy 2.Copper

C. Cytochrome-c 3.Manganese

oxidase

D. Biosynthesis 4.Molybdenum

of IAA 5.Boron

(1) A-3, B-2, C-1, D-5

(2) A-3, B-4, C-2, D-1

(3) A-5, B-2, C-3, D-4

(4) A-4, B-1, C-3, D-2

36. Which of the following options shows
correct correlation between Columns I, II
and III?

Column I Column II    Column III

A. Calcium I. Required for i. Grey blot

ionic balance on leaves

B. Boron II. Essential for ii. Fruit yield

constitution of decreases

nucleic acid

C. Phosphorus III. Required iii. Red blot

for absorption on leaves

of calcium

D. Chlorine IV. Required to iv. Fruit size

activate diminishes

respiratory

enzyme

E. Manganese V. Required for v. Young root

synthesis  for tip begins to

mitotic spindle die

(1) A-V-v, B-IV, iv, C-III-i, D-II-iii, E-I-ii

(2) A-V-v, B-III-iv, C-II-iii, D-I-ii, E-IV-i

(3) A-I-iv, B-II, v, C-III-iii, D-IV-i, E-V-ii

(4) A-IV-iii, B-I, iv, C-V-v, D-III-ii, E-II-i

37. Match the list of items of  Column I and
Column II and select the correct match.

Column I Column II

A. Magnesium 1. Found in some

amino acids

B. Sulphur 2. Not important for

plants

C. Iodine 3. Structural

components of

chlorophyll

D. Manganese 4. Required for

photolysis

(1) A-3, B-4, C-2, D-1

(2) A-3, B-1, C-4, D-2

(3) A-3, B-1, C-2, D-4

(4) A-4, B-3, C-1, D-4

38. Select correctly matched pair

Nutrient Functions

(1) Magnesium Helps to maintain
ribosome structure

(2) Zinc Needed during
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formation of mitotic
spindle

(3) Manganese Plays a role in opening
and closing of stomata

(4) Potassiuim Needed in the splitting
of water to liberate
oxygen

39. Match the Column (I) of minerals, Column
(II) of functions and Column (III) of relative
percentage and select the correct option

Column Column Column
I II III

L. P P. For photosynthesis i. 6%
and ionic balance

M. Mg Q. In structure of ii. 8%
 RNA, DNA
and ATP

N. Cl R. Structural iii. 0.2%
component of
chlorophyll

O. B S. Absorption and iv. 0.3%

utilization of calcium

(1) L-Q-ii, M-R-iii, N-P-i, O-S-iv
(2) L-Q-i, M-R-ii, N-P-iii, O-S-iv
(3) L-R-i, M-Q-ii, N-S-iii, O-P-iv
(4) L-Q-i, M-Q-ii, N-P-iv, O-S-iii

40. Match the list of items with Column I with
Column II and select the correct match.

Column I Column II

A. Mg2+     1.Chlorophyll

B. P          2.ATP

C. Zn         3.Alcohol dehydrogenase

D. Mo       4.Nitrogenase

(1) A–2, B–1, C–3, D–4

(2) A–1, B–2, C–3, D–4

(3) A–4, B–1, C–2, D–3

(4) A–4, B–3, C–2, D–1

41. Match the list of items with Column I with
Column II and select the correct match.
Column I Column II
A. Zinc        1.Needed for synthesis of auxin
B. Copper       2.Essential for water splitting

                     and release of  electron
C. Boron            3.Pollen germination
D. Molybdenum  4.Component of

nitrogenase
E. Chlorine         5.Associated with
enzyme                    involved
in redox reaction
(1) A–2, B–3, C–1, D–5, E–4
(2) A–1, B–2, C–3, D–4, E–5
(3) A–1, B–5, C–3, D–4, E–2
(4) A–5, B–4, C–3, D–2, E–1

42. Match the list of items of  Column I and
Column II and select the correct match

Column I Column II
A. Calcium          1.Chlorotic veins
B. Potassium     2.Delayed germination of

                        seeds
C. Zinc               3.Necrosis of young leaves
D. Iron               4.Scorched leaf tips
E. Phosphorus    5.Malformed leaves
(1) A-3, B-1, C-5, D-2, E-4
(2) A-1, B-4, C-5, D-3, E-2
(3) A-3, B-4, C-5, D-1, E-2
(4) A-2, B-3, C-4, D-1, E-5

43. Match the list of items of  Column I and
Column II and select the correct match.

Column I Column II
A. Potassium 1. Constituent of

ferredoxin
B. Sulphur 2. Involved in

stomatal movment
C. Molybdenum 3. Needed in

synthesis of auxin
D. Zinc 4. Component of

nitrogenase
(1) A-2, B-4, C-1, D-3
(2) A-2, B-1, C-4, D-3
(3) A-4, B-3, C-2, D-1
(4) A-1, B-3, C-4, D-2

44. Match the components of column A, B, C

A B C

Mineral Deficiency Importance
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Symptoms

a. K (i) Leaves turn I. Regulation of

dark green stomatal pore

aperture

b. S (ii) Accumulation II. Constituent of

of purple pigment Chlorophyll

c. Mg (iii) Wilting and III. Required for

drooping of activity of

leaves oxidoreductase

d. Cu (iv) Old leaves IV. Essential for

start to die carboxylase

enzyme

(v) Shortening V. It is

of internode constituent of

thiamine

(1) a-iv-II, b-ii-V, c-iii-IV, d-vi-III

(2) a-v-I, b-ii-V, c-iv-II, d-iii-III

(3) a-iv-IV, b-iii-I, c-ii-V, d-v-V

(4) a-iv-II, b-v-I, c-i-V, d-iii-IV

45. Match the list of items of  Column I and
Column II and select the correct match

Column I Column II

A. Nitrobacter 1. Free-living aerobic

N2 fixer

B. Clostridium 2. Converts ammonia

to nitrite

C. Nitrosococcus 3. Changes nitrite to

nitrate

D. Azotobacter 4. Free-living

anaerobic N2 fixer

(1) A-2, B-4, C-3, D-1

(2) A-3, B-4, C-2, D-1

(3) A-4, B-2, C-1, D-3

(4) A-1, B-2, C-3, D-4
46. Consider the following statement (i-iv)

(i) Sulphur is present in two amino acids-
cysteine and valine
(ii) Lower level of N, K, S and Mo causes
inhibition of cell division

(iii) Microbe that causes nitrogen fixing in
the roots of non leguminous plant Alnus is
Frankia
(iv)Denitrification is carried by bacteria
Nitrosomonas and Nitrobacter
Of these statements
(1) i and ii alone are correct
(2) i and iii alone are correct
(3) ii and iii alone are correct
(4) ii and iv alone are correct

47. Match the items in Column I with those in
Column II and choose the correct answer.

Column I Column II
A. Blue green algae as 1. Ectomycorrhiza

biofertilizer
B. Fungi as biofertilizer 2.
Thiobacillus
C. Free living nitrogen3. Anabaena

fixing bacteria
D. Phosphate 4. Clostridium

solublising bacteria
(1) A-3, B-1, C-4, D-2
(2) A-3, B-1, C-2, D-4
(3) A-3, B-4, C-1, D-2
(4) A-4, B-2 C-3, D-1

48. Match the Columns A and B and choose
the correct option.

Column A
a. Free living aerobic nitrogen fixers
b. Anaerobic nitrogen fixers
c. Nitrogen fixing cyanobacteria
d. Denitrifying bacteria
e. Nitrifying bacteria

Column B
1. Anabaena and Nostoc
2. Pseudomonas and Thiobacillus
3. Nitrosomonas and Nitrococcus
4. Azotobacter and Beijerinckia
5. Rhodospirillum
(1) a-4, b-5, c-1, d-2, e-3
(2) a-5, b-4, c-1, d-3, e-2
(3) a-4, b-5, c-2, d-3, e-1
(4) a-4, b-3, c-3, d-2, e-5

Statement Type Questions
The following questions consists of two
statements each (S-I) and  (S

-
-II) . To answer



8787

these questions, mark the correct
alternatives as directed below :

1. Both statements are S-I & S-II correct

2)  S-I is correct & S-II is incorrect

3. S-I is incorrect & S-II is correct

4. Both statements are S-I & S-II
incorrect

49. S-I : Some bacteria, can fix atmospheric
nitrogen into biologically usable forms

S
-
-II : Higher plants cannot use atmospheric

nitrogen directly.

50. S-I : Absorption of ions against the
concentration gradient into inner space of cells
requires metabolic energy.

S-II : Movement of ions into the cells is called
influx

51. S-I : The root nodules of leguminous plants
contain an oxygen scavenger called leg
haemoglobin

          S-II :  The enzyme nitrogenase is highly
sensitive to molecular oxygen.

52.   S-I : Without essential elements the plant cannot
complete its life cycle

  S-II : Essential element can be replaced by
another element

53.   S-I : Association and dissociation of the
ribosomal sub - units is controlled by Mg+2

concentration.

  S-II : Ribosomes are the smallest,
amembranous cell organelles

54.   S-I :Mg+ plays an important role in first phase
of Calvin cycle

  S-II : Mg+2 is activator for PEP carboxylase

55.   S-I : Macro elements play major role in plant
growth than micro elements

  S-II : Micro nutrients are required in small
quantities than macronutrients

56.   S-I  : Leguminous plants are nitrogen fixers

  S-II  : Leguminous plants have Rhizobium in
their root nodules

57.   S-I: Calcium is a macro mineral element
 S-II  : Calcium is an immobile element

58.   S-I : Deficiency of sulphur causes chlorosis
in plants

  S-II : Sulphur is a constituent of chlorophyll,
proteins and nucleic acids

59.   S-I : Magnesium is important in photosyn-
thesis and carbohydrate metabolism
  S-II : Mg++ is involved in the synthesis of
nucleic acids

60. S-I  : Iron takes part in electron transport
system of mitochondria
S-II  : Iron has no role in chlorophyll syn-
thesis

61. S-I  : Manganese is involved in electron
transfer during light reaction
S-II : Plastocyanin is an electron carrier in
photosynthesis

62. S-I  : Boron helps in translocation of sugar
S-II : Boron is a mineral and macro ele-
ment

63. S-I  : Iron deficiency causes whiptail in cau-
liflower
S-II  : Molybdenum has no role in nitrogen
 metabolism

64. S-I  : Mineral salt absorption is strictly passive
S-II  : Mineral salts are absorbed by the roots
from the soil

65. S-I  : Ions can move through roots along with
the mass flow of water
S-II   : Ion movement through xylem of root
requires metabolic energy

66. S-I   : Both Rhizobium and Frankia are aero-
bic nitrogen fixing eukaryotes
S-II: Nitrifying bacteria are
chemoheterotrophs

67. S-I  : Some bacteria can fix nitrogen in free
living forms

S-II: All free living bacteria are anaerobic

QUESTION BANK - II
1. Farmers in a particular region were

concerned that the pre-mature yellowing
of leaves of a pulse crop might cause
decrease in the yield. Which treatment
could be the most beneficial to obtain
maximum seed yield? [AIPMT 2006]

(1) Removal of all yellow leaves and
remaining green leaves with 2, 4, 5-
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trichlorophenoxy acetic acid

(2) Application of iron and magnesium to
promote synthesis of chlorophyll

(3) Frequent irrigation of the crop

(4) Treatment of plants with cytokinins
along with a small dose of nitrogenous
fertilizer

2. Sulphur is an important nutrient for
optimum growth and productivity in
[AIPMT 2006]

(1) Fiber crops (2) Oil seed crops

(3) Pulse crops (4) Cereals

3. Chlorosis is caused due to the deficiency
of [MP PMT 2006]

(1) Mg     (2) Ca  (3)B   4) Mn

4. Plant requires magnesium for  [CBSE
2007]

(1) holding cells together (2) Fat synthesis

(3) chlorophyll synthesis

(4) cell wall development

5. Which of the following is a flowering plant
with nodules containing filamentous
nitrogen-fixing micro-organism?

[CBSE 2007]

(1) Casuarina equisetifolia

(2) Crotolaria juncea

(3) Cycas revoluta (4) Cicer arietinum
6. About 98 percent of the mass of every

living organism is composed of just six
elements including carbon, hydrogen,
nitrogen, oxygen and
[CBSE 2007]
(1) phosphorus and sulphur
(2) sulphur and magnesium
(3) magnesium and sodium
(4) calcium and phosphorus

7. Which one of the following elements is not
an essential micronutrient for plant
growth? [CBSE 2007]
(1) Mn     (2) Zn (3) Cu      (4) Ca

8. On the basis of symptoms of chlorosis in
leaves, a student inferred that this was due
to the deficiency of nitrogen. This

inference could be correct only if yellowing
of leaves appeared first in [AIIMS-2007]
(1) young leaves (2) old leaves
(3) young leaves followed by old leaves
(4) old leaves followed by young leaves

9. Boron is absorbed as [DPMT-2007]
(1) borate ions  (2)solution in water
(3) as boron trichloride (4)
none of the above

10. Zn, Mo, Fe, Cu are [DPMT-2007]
(1) trace elements (2) non -e s se n t i a l
elements
(3) macro nutrients (4) none of these

11. In root nodules of legumes,
leghaemoglobin is important because

[DPMT 2009]
(1) it transports oxygen to the root nodule
(2) it acts as an oxygen scavenger
(3) it provides energy to the nitrogen fixing
bacterium
(4) it acts as a catalyst in transamination.

12. Boron helps in life cycle of plant for

[GGSIPU 2009]
(1) flower formation (2) seed germination
(3) pollen grain germination
(4) seed dormancy

13. Which one is not essential for plants?

[AFMC 2009]
(1) Fe    (2) Zn      (3) Iodine  (4)  Potassium

14. Appearance of brown spots surrounded by
chlorotic veins is a prominent toxicity
symptom of   [AMU 2009]
(1) Mn      (2) Mo (3) Mg      (4) Zn

15. Transport element is  [CET Chd.
2009]
(1) potassium (2) calcium
(3) manganese (4) magnesium

16. A pair of insectivorous plants is

[Orrisa JEE-2009]
(1) Drosera and Rafflesia
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(2) Nepenthes and Bladderwort
(3) Dionaea and Viscum
(4) Venus flytrap and Rafflesia

17. Simultaneous movement of two molecules
across a membrane in the same direction
is known as [DPMT–2010]
(1) antiport (2) symport
(3) uniport (4) biport

18. Leguminous plants are able to fix
atmospheric nitrogen through the  process
of symbiotic nitrogen fixation. Which one
of the following statements is not correct
during this process of nitrogen fixation?
   [CBSE Mains–2010]
(1) the enzyme nitrogenase catalyses the
conversion of atmospheric N2 to NH3
(2) nitrogenase is insensitive to oxygen
(3) leghaemoglobin scavenges oxygen and
is pinkish in colour
(4) nodules act as sites for nitrogen fixation

19. An element playing an important role in
nitrogen fixation is [CBSE Pre. 2010]
(1) manganese (2) zinc
(3) molybdenum (4) copper

20. Which of the following is not a
micronutrient? [CBSE Pre. 2010]
(1) Zinc (2) Boron
(3) Molybdenum (4) Magnesium

21. Which one of the following elements plays
an important role in biological nitrogen
fixation?

[DUMET-2009/CBSE-PMT-2010]
(1) Molybdenum (2) Manganese
(3) Copper (4) Zinc

22. Most of the plants obtain or absorb
nitrogen from soil in the form of
  [AFMC-2010]
(1) free nitrogen gas (2) nitric acid
(3) nitrite (4) nitrates

23. The limiting factor in nitrification of soil is
[CPMT-2010]

(1) soil nature (pH)
(2) light (3) temperature
(4) air

24. Plants obtaining food from other plants by
means of haustoria are called   [CET-2010]

(1) symbionts (2) parasites
(3) hydrophytes (4) saprophytes

25. Which of the following is not an
insectivorous plant? [CET-2010]
(1) Drosera (2) Nepenthes
(3) Monotropa (4) Utricularia

26. Biotrophic nutrition is shown by
 CPMT-2010

(1) humans
(2) saprophytic plants
(3) invertebrates (4) insectivorous

27. Nitrifying bacteria [AIPMT 2011 Pre]
(1) reduce nitrates to free nitrogen
(2) oxidize ammonia to nitrates
(3) convert free nitrogen to nitrogen
compound
(4) convert proteins into ammonia

28. Which one of the following is essential for
photolysis of water?
(1) Copper (2) Boron
(3) Manganese (4) Zinc

29. Which one of the following is not an
essential  mineral element for plants while
the remaining three are?
[AIPMT 2011 Main]
(1) Cadmium
(2) Phosphorus
(3) Iron
(4) Manganese

30. Which one of the following is wrong
statement? [AIPMT 2012 Pre]
(1) Nitrosomonas and Nitrobacter are
chemoautotrophs
(2) Anabaena and Nostoc are capable of
fixing  nitrogen in free living state also
(3) Root nodule forming nitrogen fixers live
as aerobes under free-living conditions
(4) Phosphorus is a constituent of cell
membranes, certain nucleic acids and all
proteins

31. Best defined function of manganese in
green plants is [AIPMT 2012 Pre]

(1) water absorption
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(2) photolysis of water

(3) calvin cycle (4) nitrogen fixation

32. For its action, nitrogenase requires

[AIPMT 2012 Main]

(1) High input of energy

(2) Light (3) Mn2+

(4) Super oxygen radicals

33. Which one of the following is correctly
matched? [CBSE-PMT-2012]

(1) Passive transport of nutrients – ATP

(2) Symplast - Plasmodesmata

(3) Potassium – Readily immobilization

(4) Bakanae of rice seedlings – F. Skoog

34. The first stable product of fixation of
atmospheric nitrogen fixation in
leguminous plant is [NEET-2013]
(1) 2NO (2) 3NH

(3) 
3NO (4) Glutamate

35. Deficiency symptoms of nitrogen and
potassium are visible first in

[AIPMT-2014]

(1) buds (2) senescent leaves

(3) young leaves (4) roots

36. The oxygen evolved during photosynthesis
comes from water molecules. Which one
of the following pairs of elements is
involved in this reaction?

[AIPMT 2015 Re]

(1) Manganese and Potassium
(2) Magnesium and Molybdenum
(3) Magnesium and Chlorine
(4) Manganese and Chlorine 

37. During biological nitrogen fixation,
inactivation of nitrogenase by oxygen
poisoning is prevented by

[AIPMT 2015 Re]
(1) xanthophylls (2) carotene
(3) cytochromes (4) leghaemoglobin

38. Minerals known to be required in large
amounts for plant growth include

     [NEET 2015]

(1) potassium, phosphorus, selenium, boron

(2) magnesium, sulphur, iron, zinc

(3) phosphorus, potassium, sulphur, calcium

(4) calcium, magnesium, manganese, copper

39. Which is essential for the growth of root

tip?       [NEET-2016- Phase -1]
(1) Zn    (2) Fe    (3) Ca    (4) Mn

40. In which of the following all three are

macronutrients?

                [NEET-2016- Phase -2]
(1)Iron, copper, molybdenum
(2)Molybdenum, magnesium, manganese

(3)Nitrogen, nickel, phosphorus
(4)Boron, Zinc, manganese

41. Select the mismatch [NEET-2017]
(1) Frankia Alnus
(2) Rhodospirillum  - Mycorrhiza
(3)Anabaena           - Nitrogen fixer
(4)Rhizobium          - Alfalfa

42. Which one of the following elements is
responsible for maintaining turgor in

cells ? [NEET-2018]
(1)Pottassium (2)Sodium
(3) Magnesium (4) Calcium

43. In which of the following forms is iron

absorbed by plants ? [NEET-2018]
(1) Free element (2) Ferrous
(3) Ferric          (4) Both ferric and ferrous

44. Thiobacillus is a group of  bacteria

helpful in carrying out  [NEET-2019]
(1) chemoautotrophic fixation
(2) nitrification
(3) denitrification (4) nitrogen- fixation

45. Which of the following bacteria reduces
nitrate in soil into nitrogen ?
[NEET-2019, ODISHA]
(1)Nitrobacter (2)Nitrococcus
(3)Thiobacilus (4)Nitrosomonas

KEY
Model test - 1

1) 4 2) 3 3) 2 4) 3 5) 4
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6) 3 7) 3 8) 4 9) 3 10) 4
11) 3 12) 3 13) 1 14) 3 15) 2
16) 3

Model test - 2
20) 2 21) 3 22) 3 23) 2 24) 1

25) 2 26) 1 27) 2 28) 4 29) 4

30) 1 31) 2 32) 3 33) 4 34) 3

35) 4 36) 3 37) 2 38) 2 39) 2

40) 1 41) 1 42) 2 43) 2 44) 4

45) 3 46) 1 47) 4 48) 1
Model test - 3

 49) 3 50) 4 51) 4 52) 4 53) 4
54) 3 55) 3 56) 2 57) 3 58) 4
59) 2 60) 4 61) 1 62) 4 63) 4
64) 3 65) 1 66) 1 67) 1 68) 1
69) 4 70) 2 71) 2 72) 2 73) 3
74) 1 75) 1 76) 4 77) 2 78) 2
79) 3 80) 4 81) 4 82) 1 83) 3
84) 4 85) 4 86) 3 87) 3 88) 2
89) 4 90) 3 91) 4 92) 4 93) 2
94) 4 95) 2 96) 2 97) 4 98) 2
99) 4 100) 4

Model test - 4

103) 4 104) 2 105) 2 106) 3

107) 1 108) 3

Model test - 5

109) 2 110) 3 111) 1 112) 1

113) 4     114) 4 115) 1

Model test - 6

116) 1 117) 2 118) 1 119) 2

120) 4 121) 1 122) 4 123) 1

Model test - 7

124) 2 125) 2 126) 4 127) 2 128) 2

129) 4 130) 2 131) 2 132) 3 133) 1

134) 3 135) 1 136) 1 137) 4 138) 3

139) 2 140) 1 141) 1 142) 2 143) 4

144) 4 145) 3 146) 4 147) 2 148) 2

149) 4 150) 4 151) 2 152) 3 153) 2

154) 3 155) 4 156) 3 157) 4 158) 3

159) 4 160) 4 161) 1 162) 4 163) 4

164) 1 165) 3 166) 3 167) 1 168) 3

169) 3 170) 1 171) 4 172) 2 173) 2

174) 2 175) 2 176) 4 177) 2

QUESTION BANK - 1

1. (2) 2. (1) 3. (2) 4. (1) 5. (3)
6. (4) 7. (3) 8. (2) 9. (1) 10. (2)
11. (3) 12. (1) 13. (1) 14. (1) 15. (1)

16. (1) 17. (2) 18. (1) 19. (3) 20. (1)
21. (1) 22. (4) 23. (3) 24. (1) 25. (4)
26. (3) 27. (3) 28. (2) 29. (3) 30. (1)
31. (2) 32. (3) 33. (1) 34. (2) 35. (2)
36.(2) 37. (3) 38. (1) 39. (2) 40. (2)
41. (3) 42. (3) 43. (2) 44. (3) 45. (2)
46. (3) 47. (1) 48. (1) 49. (1) 50. (1)
51. (1) 52. (2) 53. (1) 54. (1) 55. (3)
56. (1) 57. (1) 58. (2) 59. (1) 60. (2)
61. (1) 62. (2) 63. (4) 64. (3) 65. (2)
66. (4) 67. (2)

QUESTION BANK - 2

1. (2) 2. (3) 3.  (1) 4. (3) 5. (1)

6. (1) 7. (4) 8. (4) 9. (1) 10. (1)
11. (2) 12. (3) 13. (3) 14. (1) 15. (1)

16. (2) 17. (2) 18. (2) 19. (3) 20. (4)
21. (1) 22. (4) 23. (1) 24. (2) 25. (3)
26. (2) 27. (2) 28. (3) 29. (1) 30. (4)
31. (2) 32. (1) 33. (2) 34. (2) 35. (2)
36. (4) 37. (4) 38. (3) 39. (3) 40. (3)
41.(2) 42. (1) 43. (3) 44. (3) 45. (3)
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