Molecular Basis of

Inheritance

( Fastracl Revision )

» DNA is the genetic material for most of the arganisms,
except for Few exceptions like viruses where RNA Is the
genetic material.

» DNA helps in synthesls of RNA, which in turn helps In
proteln synthesls, and these proteins control tralts of
individuals.

P Structure of Nucleic Acids
» Nuclelc aclds are the blomolecules which play a very

Importont role In the process of inheritance.

> Two types of nuclelc aclds exist: DNA (Deoxyribo
Nuclelc Acld) and RNA (Ribo Nuclale Acid).

» DNA hos a doublestranded structure. It s
8 polynucleotide whose monomer unlts are
deoxyribonucleotide. Length of DNA Is detarminad by
number of nucleotides in It.

» RNA has asingle-stranded structure. It Is also a polymer
whose monomer units are ribonucleotide.

» A nucleotide has threa components:

l. Pentose Sugar
e Monosaccharlde with five carbon atoms
o Ribose sugar In RNA
o Deoxyribose sugar In DNA
Il, Nitrogenous Base
» Nitrogen contalning compound with properties of
a bose
e Two Types: Purines and Pyrimldines
¢ Purine
¢ Hetearocyclic aromatic organic compound
¢ 9-membered ring
4 Examples: Adenine, Guanine
¢ Pyrimidine
¢ Heterocyclic aromatic organic compound
¢ 6-mamberad ring
¢ Example: Cytosine, Uracll, Thymina
lll. Phosphate Group
e Inorganlicsalt of phosphorus
e Forms backbone of polynucleotide chaln along
with the sugar

» Formation of a polynucleotide takes place using the
Following linkages:
> Nitrogenous base Is linked to the pentose sugar

through a N-glycoslidic bond to form a nucleoside.

» A phosphate group Is linked to 5'-~OH of a nucleoslde
through phosphoester bond to form a nucleotide.

» Multlple nucleotides are jolned together through
3'-5'phosphodiester bond to form a polynucleotide.

> Structura of DNA
» DNA polynucleotide chaln has two free ends:

e 5' and: Free phosphate molety at 5-end of rlbose
sugar.
e 3'end: Free 3'-~0OH group of ribose sugar.

» Watson and Crick were the Ffirst to propose the
double-helix structure of DNA, based on X-ray dlffraction
technique.

» Very sooner, Francls Crick proposed the central dogma in
molecular biology which states that genetic information
Flows4 From DNA — RNA — Proteln.

» The flow of information is in reverse direction f.e. RNA to
DNA in some viruses.
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If each strand from a DNA (parental DNA) acts as

a template for synthesls of a new strand then the

1 two double-stranded DNA (daughter DNA) produced
would be Identical to the parental DNA molecule.
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» DNA Double-Helix Model
» DNA is composed of two polynucleotide chalns.
» Sugar-phosphate Forms the backbone.
» Nltrogenous bases farm the Interlor, palred through

H-bonds.

» Complementary base palring Is an Important feature of
DNA structura.

» The two polynucleotide chalns have antl-parallel
polarlty.

» Two chaing are colled In a right handed Fashion forming
a right-handad hellx.

» Uniform distance [s malntalned between the two
strands of helix.
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Fig. DNA double hellx

» Packaging of DNA Helix
» Length of DNAIs Found to be far greater than dimension
of a typical nucleus.
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» Total number of base palrs In a typlcal mammalian cell
is 6.6x10°.

» Distance between two base palrs=0.34 nm.

» Therefore, length of DNA=0.34 x 107 x 6.6 x 10° = 2.2 m.

» Size of a nucleus is of the order of 10°m.

» So, length of DNA is greater than the size of nucleus.

» DNA is packaged very strategically to fit inside the
nucleus.

» In prokaryotes, DNA is organised into large loops held
by proteins. The region where DNA is present is termed
as 'nucleoid'.

» In eukaryotes, there exist positively charged baslc
protelns called histones.

» DNA wrap around the histone octamer (group of
8 histone proteins) to form a nucleosome. Each
nucleosome contains 200 base pairs of DNA helix.
Nucleosomes In chromatin are seen as 'beads-on-string’
under electron microscope.

» Based on different types of DNA packaging, there are
two forms of chromatin:
|. Euchromatin
e Less condensed structure with looser DNA

packaglng.

o Lightly stalned when observed under microscope.

e Contalng less DNA.

e Transcriptionally actlve.

e Found In aukaryotes and prokaryotes.

Il. Heterochromatin

e Highly condensed structure with tighter DNA
packaging.

o Dark stained when observed under microscope.

o Contains more DNA.

o Transcriptionally inactive, as those reglons of the
genes which need to Interact with proteins for
transcription Is Inaccessible.

e Found In eukaryotes.

» Search for the Ganetlc Mataerlal

> The study of Genetlcs started with Gregor Mendel
who introduced ‘'factors’ for inherltance. Bovari-
Sutton theory later gave the chromosomal theory of
inherltance.

» The concept of Inheritance was understood at the
level of chromosomes further when Morgan came
up with the concept of linkage and recomblination at
chromosomal level

» It was taken a step forward In 1926 when experiments
were being performed to undarstand inheritonce ot a
molecular level.

» The search was for the molecule which acts as a genetlc
material.

» Griffith's Experiment (Transforming Principle)

» Griffith experimented with Streptococcus pneumoniae
bacteria which causes pneumanla. Two strains of thls
bacterium were used-- S-strain and R-straln.

l. S-straln

o Smooth mucous polysaccharide coat

e Reslstant to immune systam

e Virulent

I, R~-skraln

e Lacks the coat
Destroyed by immune system of the host
Non-virulent

» The experiment was performed in multiple steps:

» S-strain (virulent) was Injected Into mouse. It was found
that the mouse dled of pneumonia.

» R-strain (non-virulent) was injected Into mouse. It was
found that the mouse remained alive.

» Heat killed S-strain (S-strain bacteria were killed by
heating) was injected into mouse. It was found that the
mouse remained alive,

» Heat killed S-strain and live R-strain were Injected Into
mouse. It was Found that the mouse died of pneumonla.

» Griffith found that lve S-straln bacterla could be
recovered from the dead mouse.

» Griffith thus arrived at the Following conclusion:

e Something caused bacteria to change from ane type
(1) to another type (S).

o Some 'Transfarming princdple' transferred from
heat-killed S-strain to R-strain and transformed It as
virulent.

» However, the blochemlcal nature of the 'Transfarming
princlple’ was still unknown.

> Blochemlical Nature of Transforming Principle

» Bacteriologlsts performed a series of experiments to

identify the transforming principle which were:

o Transforming principle precipltated with alcahol.
This showed It was not carbohydrate.

e Transforming principle could not be destroyed with
proteases. Thus, It was not prateln,

o Tronsforming principle could not be destroyad with
lipases, This proved it was neither lipid.

o Transforming princlple could not be Inactlvated
with ribonuclease, hence It was not RNA.

e Transforming principle could be inactivated with
deoxyribonuclease,

o Transforming princlple was DNA. Therefore, DNA
was the genetic materlal.

» Hershay-Chase Experimant

» Horshey-Chase experiment was performed In 1952 to
Further confirm that DNA was the genetic materlal. They
experimented with bacterlophages. Bacterlophages
are the viruses that infect and replicate within bacterla.

» Bacterlophages were grown in two dIfferent mediums:
o Some bacterlophages were grown in radloactive

phospharus medium, It was found that these
bacteriophages came up with radloactive DNA but
not radioactive proteln.

e Some bacteriophages wera grown in radloactive
sulfur medium. It was Ffound that these
bacteriophages contalned radloactlve proteln but
not radloactive DNA because DNA does not contaln
sulfur,

» Bacterlophages with radloactive DNA were brought
in contact with E.coll bacteria, and then bacterla got
infected.

» They were agltated In a blender to separate phage
particles from bacterial cells.

» Centrifugation leaves phage particles as supernatant.

» Bacterlal cells were found to be radloactive.

» No radioactivity was detected in the phage particles.

» Bacterlophages with radioactive protein were brought
in contact with bacteria.

» Bacteria got infected.
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» They were agitated In a blender to separate phage
particles from bacterial cells.

» Phage particles were found to be radioactive.

» No radioactivity was detected in the bacterial cells.

» It was, therefore, concluded that it was not the
proteins, rather DNA which entered into the bacteria.
Therefore, DNA causes the replication of viruses inside
the bacteria.

» DNA was, thus, proved to be the genetic material

» Criteria for Genetic Material

» DNA was found to be the prominent genetic material In
most organisms.
» Exceptlons were some viruses where RNA was the
genatic materlal.
» The differences between the chemical structures
of the DNA and RNA made DNA eliglble to be the
genetlc material, and no other malecules like prateins,
carbohydrates atc.
» Impartant criteria to be fulfilled to be a genetic material
are:
Capable of replicating itself,
Chemically and structurally stable.
Provide scope for mutatlon which can lead to
evolutlon.

e Capable of expressing ltself In thae Fform of
‘Mendelian Characters'.

» Most of the other molecules Uke protelns,
carbohydrates, liplds ete. fallad to Fulfill the above
mentioned criterla.

» RNA could also Fulfill the criterla but still DNA was a
preferred genetic materlal over RNA because of the
following reasons:

e DNA s structurally more stable than RNA,

e DNA s chemlically more stable than RNA,

e DNA has double-stranded structure which provides
better abllity to rectify errors during replication.

e DNA can't code directly For proteln synthesls and
thus depends on RNA.

» DNA was thus used for storage of genetic Information
due to Its structural and chemical stabllity. RNA was
used for expresslon of genetlc Information as It could
directly code for proteins.

» RNA World

» RNA world was a kind of hypothetical world where RNA
performed all the activities which are today perfarmed
by DNA and proteins. DNA later evolved Ffrom RNA with
chemical modlfications which made It more stable.

» It has an amino acd acceptor end to which it binds to
amino acids.

» The secondary structure of tRNA looks like a clover-leaf.

» In actual structure, the tRNA is a compact molecule
which looks like an inverted L.

Knowledge BOOSTER

tRNA or transfer RNA is also known as soluble (5) RNA,

& acceptor RNA or adaptor RNA, which consists of AA-
@ binding site lies opposite to the anticodon site.
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» Central Dogma of Molecular Blology

» Frands Crickin 1956 proposed the hypothesls of Central
Dogma. This explains the Flow of genetic information in
any biological system.

> Three major classes of blopolymers are Involved In this
Flow: DNA, RNA and protelns.

» WIth these three categorles of blopolymers, a total of
nine transfers can be possible which are grouped under
the following categories:

» General Transfers: These transfers occur In most of
the organisms:

» DNA — DNA (Replication)

» DNA — RNA (Transcription)

» RNA — Protelns (Translation)

» Speclal Transfars: These occur In viruses where RNA Is the

genetic material:
» RNA —> RNA

» RNA — DNA

» DNA —» Protelns

» Unknown Transfers: These transfers might be possible

but yet not known:

» RNA — RNA

» RNA — DNA

» DNA — Protelns

DNA Replication

» Replication Is the process of reproducing or creating a
copy of samething. Through replication, DNA creates a
copy of Itself,

» Varlous hypotheses wera proposed by various sclentists
regarding the replication model of DNA f.e., how DNA
replicates, Some of these were:

e Saml conservative DNA replicatlon modael
e Conservative DNA repllication

> Typas of RNA o Dispersive DNA replication
» There are three major types of RNAS: » Maselson-Stahl Experimant
¢ mMRNA (messenger RNA) This  experiment was performed to prove the

o (RNA (transfer RNA) semiconservative nature of DNA replication. Matthew

o MNA (ribosomal RNA) Meselson and Franklin Stahl experimented with bacterla E
> All three RNAs are needed to synthesize a protelnina  _ ui1 1958,

cell,

> The mRNA provides the template, tRNA brings amino
aclds and reads the genetlc code, and RNAs play
structural and catalytlc role during translation.

» Structure of tRNA

» The tRNA has a role as an adapter molecule.

» RNA has an anticodon loop that has bases
complementary to the code.

» Basis of the Experiment
»If E coll was grown In a medlum with N-15
(isotope of nitrogen), the E coll had DNA with N-15
isotope.
» If E. coll was grown In a medlum with N-14 (more
abundant Isotope of nitrogen), the £, col/had DNA with
N-14 [sotope.
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» It was then observed with centrifugation In a cesium
chloride (CsCl) denslity gradient that DNA with N-15 s
heavier than that of N-14.

» Making use of the Fact that DNA with N-15 is heavier
than DNA with N-14, this experiment was performed.

e Step 1. E. coliwas grown in a medium with N-15 for
several generatlons.

e Step 2. E. coli with only N-15 in their DNA were
transferred to a medium with N-14,

» Cells of E. col/were allowed to divide. Sample was taken
and DNA was extracted periodically as cell division
continued to check what type of DNA is being formed
now. One replication in E.coll takes around 20 minutes.
So, generation | was formed In 20 minutes,

» Samples were taken after 20 minutes, then again after
40 minutes, densities of DNA from the sample were
measured Lo reach to results and cancluslon.

Results

» Generation I: DNA was found to have intermediate
density after first replication.

> Generatlonll:Equalamounts of DNAwIth two dIfferent
dengltles were Found.

Conclusion

» Presence of a hybrid/intermedlate density excluded
conservatlve hypothesls.

» Presence of N«<14 DNA In genaration Il excluded
dispersive hypothesis.

> Semiconservative hypothesls could explaln the entire
experimental result. Separatlon of strands concept
could explain the outcomes of generation | and Il.

» |t was proved that DNA replication Is semiconservative
in nature.

Machinery and Enzymes for Replication

» Enzymes ploy an Important role acting as catalysts
during the process of DNA replicatlon. Some of the
Important enzymes are: DNA polymerase, hellcase,
primase, DNA ligase.

» Deoxyribonucleoslde triphosphotes act as substrates
and provide energy for polymerisation reaction.

DNA Polymarase

» DNA polymerase creates DNA from nucleotides. It
reads the exlsting DNA strands Lo create two new
strands that match the existing ones. This enzyme Is
neaded everytime a cell divides so that one copy of
DNA can be passed to each daughter cell.

» DNA polymerase is a highly efficient enzyme, as It can
replicate a large number of base palrs in a very short
time. Rate of replication or rate of polymerisation is
approx 2000 bp per second. A total of 4.6x10° base pairs
ara replicated within 18 minutes. DNA polymerase also
catalyse with high degree of accuracy. Any mistake
made once In every 1 billlon base palrs gets copled, DNA
polymerase proof reads to check far errors. Howevaer,
these errors IF remaln can cause mutations.

Helicase: Enzyme helicase unwinds DNA from tightly
double-stranded structure. Only after the strands are
separated, DNA polymerase can do its job of creating
the new strands. This enzyme separates the strands by
breaking the hydrogen bonds between the bases of the
two strands.

» Primase: This enzyme creates a short fragment of RNA

(primer) paired with the template DNA strand. This
enzyme Initlates the process of creatlon of new strands.
DNA polymerase cannot initiate the process on its own.
Therefore, primase inltlates the same.

> Process of DNA Replication

» Replicatlon cannot be Inltlated in any random part of
DNA. Region in a DNA where replication Initiates is
termed as ‘Origin of Replicatlon’.

» Step 1: Enzyme helicase breaks hydrogen bonds, thus
separating the two strands of DNA. Replication Fork
structure is Formed.

» Step 2:

o Continuous synthasls takes place In the leading
strand. In this strand, DNA Is synthesized In the
same direction as the growing replication fork.

e Dliscontinuous synthesls takes place in the lagging
strand. Synthesis in this strand Is more complicated
than the leading strand. DNA polymerase can add
new free nucleotides to the 3' end of the new
strand. In the lagging strand, no free 3'-OH end Is
avallable, Therefore, DNA polymerase is unable to
inltlate the process. Enzyme primase initlotes the
process by creating a small RNA fragment called
primer. DNA polymerase then extends the primed
segments adding free nucleotides, RNA primers are
replaced with DNA. Thus, we hove DNA fragments
in which the directlon of synthesls In lagging strand
is opposite to the directlon of growing replicatlon
fork. DNA Ligase now Joins the DNA fragments and
forms o complete DNA.

o These DNA fragments are termed as 'Okazakl
fragments' after the nome of the sclantlst who First
described the process of discontinuous synthesls an
lagglng strand.

» The entlre process of DNA replication occurs during
S-phase of cell cycle In eukaryotes. Research s still
golng on for mare detall on the replication process.

» Transcription

> The process of copylng genetlc Information from one
strand of the DNA Into RNA Is termed as transcription.

» Intranscription, only a segment of DNA and only one of
the strands Is copled Into RNA because of the Following
reasons:

e If both strands act a template, they would code
for RNA molecule with different sequances and
the sequences of amino aclds In the coded proteln
would be different.

o If two RNA molecules are produced simultangously,
they would be complementary to each other and
would fForm a double:stranded RNA which would
prevent translation.

> Transcription Unit

» A transcription unlt In DNA conslsts of the follow/ing
reglons;
e APromoter
o The Structural gene
o ATerminator

» The two strands of the DNA In the structural gene of
a transcription unit is termed as template strand and
coding strand.
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» The strand that has the polarity 3'=5" acts as a template
and Is referred as template strand.
» The otherstrand which has the polarity 5'—3'Is referred
as coding strand.
‘I'rﬂnpcrlptjon slart sie
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Fig. Structure of a tronscription unlt

» The promoter and terminator flank the structural
gene In a transcription unlt.

» The promoter I8 located towards 5'-end (upstream) of
the structural gene which provides binding site for RNA
polymerase,

» The terminator Is locoted towards 3'-and (dow/nstream)
of the coding strand which defines the end of the
process of transcription.

» Process of Transcription

» In prokaryotes, transcription takes place In three steps:
I Inltiatlon
e RNA polymerase binds to promoter and Inltiates

transcriptlan,

e Initiation factor or sigma (o) recognises the
promoter of the DNA.

Il. Elongatlan

e RNA palymerase Facllitates opening of the hellx and
continues elongation.

e RNA polymerase uses nucleoside triphosphates as
substrate and polymerises In a template depended
Fashlon Following the rule of complementarity.

e Only a short stretch of RNA ramalins bound to the
@enzyme.

ll. Termination

o Oncethe polymerase reachesthe tarminator reglon,
RNA polymarase binds with the termination-factor
(p) to terminate transcription.

e The nascent RNA Falls off with the RNA polymerase
which results in termination of transcription.

e The transcription and translation can be coupled
In bacterla as the mRNA does not requlre any
processing to become actlve, and also transcription
and translatlon take place In the sama compartment.

» In eukaryotes, there are two additional complexities:

1. The First complexity Is that there are at least three
RNA polymerases in the nucleus.

> The RNA polymerase | transcribes MRNAs
(28S, 185, and 5.85).

» The RNA polymerase Il is responsible For
transcription of tRNA, 5srRNA and snRNAs (small
nuclear RNAs).

» The RNA polymerase Il transcribes precursor of
mMRNA, the hetarogeneous nuclear RNA (hnRNA).

2. The secand complexity Is that the primary transcripts
contain both the exons and the introns and are
non-Functlonal.

» Primary transcripts are subjected to a process called
splicing where the introns are removed and exons
are jolned In a defined order.
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> hnRNA undergo two additional processing called as
capping and tailing.

» Incapping, an unusual nucleotide (methyl guanosine
triphosphate) is added to the 5'-end of hnRNA.

» Intalling, adenylate resldues (200-300) are added at
3-end in a template Independent manner and the
Fully processed hnRNA Is called mRNA.

» mRNA s transported out of the nucleus Ffor
translation.

» Significance of Complexities
» The split-gene arrangements represent probably an

ancient feature of the genome.

» The presence of introns is reminiscent of antiquity, and

the process of splicing represents the dominance of
RNA world.

» Genetlc Code
» The sequence of nucleotides on DNA which determines

the sequence of amino aclds In a polypeptide chain is
termed as genetic code.

» The process of translation requires transfer of genetic

Informatlon From a polymer of nucleotides to a polymer

of amino aclds but there 8 no complementarity

between nucleotides and amino aclds. This led to the
propositlon of a genetlc code that could direct the
saquence of amino aclds during synthesls of protelns,

The salient features of genetic code are as follows:

e The codonis triplet, 61 codons code for amino aclds
and three codons do not code for any amino aclds,
hence they Function as stop codons.

¢ One codon codes far only one amino acld thus It Is
unamblguous and specific.

e Some amlno aclds are coded by more than one
codon, hence the code Is degenerate.

e The codon Is read In mRNA In o contlguous Fashlon
and there are no punctuations.

e The code is nearly unlversal For example,
from bacterla to human UUU would code for
Phenylalanine (phe).

e AUG has dual Functlons, It codes for Methlonine
(met), and It also acts as inltlator codon.

» Mutation and Genatlc Code

The relationships between genes and DNA are best
understood by mutation studles. The two kinds of
mutation are:

» Point Mutatlon: It Is the Insertlon or deletlon of a

single gene In the structural gene.

Example: Polnt mutation Is a change of single base
palrin the gene for beta globln chaln that results In the
change of amino acld resldue glutamate to valine, which
results Into a diseased condition called as slckle-call
anaemia.

Frameshift mutatlon Is the insertlon and deletion of
three or its multiple bases which insert or delete one
or multiple codon, hence one or multiple amino acids
and reading frame remains unaltered from that polnt
onwards.

Example: Cystlc fibrosis.

» Translation
» Translatlon refers to the process of polymerlsation of

amino aclds to farm a polypeptide.

|



» The order and sequence of amino aclds are defined by
the sequence of bases in the mRNA and the amino acids
are joined by a bond which is known as a peptide bond.

» Formation of a peptide bond requires energy and thus
amino aclds are activated In the presence of ATP and
linked to thelr cognate tRNA by the process of charging
of tRNA or aminoacylation of tRNA.

» If charged tRNAs are brought close enough, a peptide
bond forms which Is enhanced by the presence of a
catalyst such as ribosome.

» Ribosome in its inactive state exists as two subunits—
a large subunit and a small subunlt.

» There are two sltes in the large subunit for subsequent
amino acids to bind to and thus become close enough
to each other for the formation of a peptide bond,

» A translational unit In mRNA Is the sequence of RNA
that Is flanked by the start codon (AUG) and the stop
codon and codes for a polypeptide.

» An mRNA also has some additional sequences that
are not translated and are referred as Untranslated
Regions (UTR).

> The UTRs are present at both S'-end (before start
codon) and at 3-end (after stop codon) which are
requiraed For efflclent translation process.

» After activation of amino adlds, translation starts with
its three steps:

I. Initiatlon
o For Initlatlon, the ribosome binds to the mRNA at
the start codon (AUG) that Is recognised only by the
Inltlator tRNA.
Il. Elongatlon
e The rilbosome proceads to the elongotion phasa of
proteln synthesls.

Durlng elongatlon stage, complexes composed

of an amino acld linked to tRNA, sequentlally bind

to the appropriate codon in mRNA by forming
complementary base pairs with the tRNA anticodon.

The ribosome moves from codan to codon along the

mMRNA.,

Amlino aclds are added one by one, translated

into polypeptide sequences dictated by DNA and

represented by mRNA.

lIl. Termination

e Attheend,arelease Factorbindsto the stop codon,
terminating translation and releasing the complete
polypaptide Ffrom the ribosoma.

» Regulation of Gene Exprassion

» Gene expression results In the Fformation of a
polypeptide and It can be regulated at sevaral lavels
such as;

e Lranscriptional level (Formation of primary
transcript),

processing level (requlation of splicing),

transport of mRNA from nucleus to the cytoplasm,

translational level.

t Is the metabollc, physlologlcal or environmental
condltions that regulate the expression of genas.

> In prokaryotes, control of the rate of transcriptional
initiation is the predominant site for control of gene
expression.

v

» In a transcription unit, the activity of RNA polymerase
at a given promoter is in turn regulated by interaction
with accessory proteins which can act both positively
(activators) and negatively (repressors).

» Regulation of gene expression can be studled with the
help of Lacoperon.

» LacOperon

» Lacrefers to lactose in (acoperon.

» The lac operon consists of one regulatory gene Fgene
which codes for the repressor of the (ac operon and
three structural genes (z yand a).

e The zgene codes for beta-galactosldase (B-gal),
which hydrolyses disaccharide, lactose Into
galactose and glucose.

e The ygene codes for permease, which Increases
permeabllity of the cell to B-galactosides.

o The a-gene encodes a transacetylase.

» Lactose is termed as inducer 8¢ lactose is the substrate
for the enzyme beta-galoctosidase and it regulates
switching on and off of the operon.

» In the absence of Inducer

» The repressor of the operan is synthesised (all-the-time
- constitutively) from the /- gene.

» The repressor proteln binds to the operator reglon
of the operon and prevents RNA polymerase from
transcribing the operon.

» In the presence of inducer

» The repressor is inactivated by Interactlon with the
inducer which allows RNA polymerasae access to the
promoter and transcription proceeds.

» Requlation of Lac operon by rapressor |9 refarrad to as
negative ragulatlon.

» Human Genoma Project

» The sclentific project which deals with the study of
base sequences of DNA molecules of complete sot of
chromosomes is called Human Genome Project.

» HGP was closely assoclated with the rapld development
of a new arcea in blology called as bloInformatics and
was called a megae project.

» Goals of Human Genome Project

> Identify all the approximately 20,000-25,000 ganes In
human DNA,

» Determine the sequences of the three billlon chemical
base palrs that make up human DNA.

» Stare this infarmatlon in databases.

> Improve tools for data analysls.

» Transfer related technologles to ather sectors, such as
industries.

» Address the Ethical, Legal and Soclal Issues (ELSI) that
may arise from the project.

> Methodologies of HGP

» Two major approaches Involved are:

e Identifylng all the genes that are expressed as
RNA also referred to as Expressed Sequence Tags
(ESTs).

e Simply sequencing the whale set of genome that
contalned all the coding and non-coding sequence,
and later asslgning different reglons in the sequence
with Functions called as sequence annotatlon.

» The total DNA from a cell is isolated and converted
into random fragments of relatively smaller sizes and
cloned in suitable host using specialised vectors.
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» The cloning resulted Into amplification of each plece of
DNA fragment.

» The commonly used wvectors are BACs (Bacterial
Artificial Chromosomes), and YACs (Yeast Artificial
Chromosomes).

> The fragments were sequenced using automated DNA
SeqUeNcers.

» Speclalised computer based programmes were
developed for the alignment of the sequences.

» The sequences were subsequently annotated and were
assigned to each chromosome.

P Salient Features of Human Genome

» The human genome contains 3164.7 milllon nuclectide
bases.

» The average gene canslsts of 3000 bases with the
largest known human gene belng dystrophin at
2.4 million bases.

> The total number of genes Is estimated at 30,000.

» 9% nucleotide bases ore exactly the same In all people.

» The functlions are unknown For ovar 50% of dlscovered
genes.

» Less than 2% of the genome codes for proteins.

» Repeated sequences make up very large portion of the
human genome.

» Repetitive sequences are stretches of DNA sequences
that are repeated many times.

» Chromosome 1 has most genes (2968), and the Y has
the fewest (231).

> Scientists have Identified about 1.4 million locations
where single base DNA differeances (SNPs - Single
Nucleotlde Polymorphlsm) occur In humans.

» Applications of HGP

> All the genes in o genome can be studied together.

> HGP helps to understand how tens of thousands of
genes and protelns work together In Interconnactad
networks.

» HGP helps to dlagnosa and traat genetlc disenses.

» DNA Fingarprinting

» The process of comparison of DNA Ffrom different
sources to establish the Identity Is called DNA
Fingarprinting,

» DNA fingerprinting Involves Identifylng differences
in some specific reglons in DNA sequence called as
repetitive DNA.

» Repetitive DNA are separated from bulk genomic
DNA as different peaks during density gradient
centrifugation.

> The bulk DNA forms a major peak and the other small
peaks are referred to as satellite DNA.

> Satellite DNAIs of two types based on base composition,
length of segment, and number of repetitive units:

e Micro-satellites

e Mini-satellites

» Satellite DNA sequences normally do not code for
any proteins, but they form a large portion of human
genome.

> Satellite DNA sequences show high degree of
polymorphlsm and Formthe basis of DNA fingerprinting.

> An Inheritable mutatlon occurring In a population at
high frequency Is referred to as DNA polymorphism.

» Repeated nucleotide sequences in the non-coding DNA
of an individual is called Variable Number of Tandem
Repeats (VNTRs).

» VNTR involved Southern blot hybridisation using
radiolobelled VNTR as a prabe.

» The slze of VNTR varles In slze from 0.1 to 20 kb.

» DNA fingerprinting technique Includes the following
steps:

o Isolation of DNA.,

o Digestlion of DNA by restriction endonucleases.

o Separation of DNA fragments by electrophoresis.

o Transferring (blotting) of separated DNA fragments
to synthetic membranes, such as nitrocellulose or
nylon.

o Hybridisation using labeled VNTR probe.

o Detectlon of hybridised DNA Ffragments by
autoradlography.

» Applicatlons

» Inidentificotion of criminals.
» In determining population and genatic diversities.
» In saolving parental disputes.

& Practice Exercise

'@Q Multiple choice Questions N

Q1. In some viruses, DNA is synthesised by using RNA
as template. Such a DNA is called:
a. A-DNA b. B-DNA
C. cONA d. ONA

Q2. If a double stranded DNA has 20% of cytosine,
what will be the percentage of adenine In it?
a. 20% b. 40%
c. 30% d. 60%

Q3. A short piece of DNA, having 20 base pairs, was
analysed to find the number of nucleotide bases
in each of the polynucleotide strands. Some of the
results are shown In the table.

Number of nucleotide bases

Adanine [Cytosine |Guanine |Thymine

Strand 1 4 4

Strand 2 2]

How many nucleotides containing Adenine were
present in strand 27 (CBSESQP 2023-24)

a.2 b. 4 €. 5 d.7
Q4. RNA is the genetic material In:
a. prokaryotes

b. eukaryotes
¢. Tobacco Mosalc Virus (TMV)
d. E coll
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Q5.

Q6.

Q7.

Q8.

Q9.

Q10.

QlL

Ql2.

Which one among the following was the first

genetic material?

a. DNA b. RNA

c. Pratein d. Nuclein

Polycistronic messenger RNA (mRNA) usually

occurs In:

a. bacterla b. prokaryotes

C. eukaryotes d. Both a. and b.

Methyl guanosine triphosphate is added to the 5°

end of hnRNA in a process of:

a. splicing b. capping

C. tailing d. None of these

A codon is a 'triplet of bases' was suggested by:
(CBSE 2021, Term-1)

a. Marshall Nirenberg

b. Har Gobind Kharana

c George Gamow/

d. Francls Crick

The correct feature of double-helical structure of

DNA as glven by Watson and Crick is:
(COSE 2021, Tarm-1)

8. Right handed helix, pitch is 3.4 nm

b. Left handed hellx. pltch is 3.8 nm

c. Right handed hellx, pitch Is 3.8 nm

d. Left honded hellx pltch iz 3.4 nm

Charging of tRNA during translation is necessary for:
(CBSE 2021, Tarm-1)

a. Binding of anticodons of tRNA to the respective

codons of mMRNA,
b. Peptide bond formation between two amino
aclds.

c. Movement of ribosomes from codon to codon.

d. Binding of rlbosomes to the mRNA.

Total number of nucleotide sequences of DNA

that codes for 8 hormane is 1530. The proportion

of different bases in the sequence Is found to be

Adenine = 34%, Guanine = 19%, Cytosine = 23%,

Thymine = 19%.

Applying Chargaff's rule, what conclusion can be

drawn? (CBSESQP 2021, Term-1)

a. It Is a double-stranded circular DNA.

b. Itis a single-stranded DNA.

c. It s a double-stranded Unear ONA,

d. Itis a single-stranded DNA colled aon histones.

A stretch of an euchromatin has 200 nucleosomas.

How many bp will there be In the stretch and what

would be the length of the typical euchromatin?
(CBSESQP 2021, Term-1)

a. 20.000 bp and 13.000 x 10~ m

b. 10.000 bp and 10.000 x 10° m

¢ 40.000 bp and 13.600 x 10~ m

d. 40.000 bp and 13.900 x 10 m

Q 13.

QU.

Q5.

Q6.

Ql7.

Observe structures A and B given below. Which of
the following statements are correct?
(CBSESQpP 2021, Tarm-1)

g g

Hocljy\(lm HOTH_; OH
Ko Kor
H\{_f [ Z\"_%I

OH OH OH H
(A) (B)

a. A is having 2'-OH group which makes it less
reactive and structurally stable. whereas B Is
having 2'-H group which makes it more reactive
and unstable.

b. A Is having 2'-QH group which makes it mare
reactive and structurally unstable. whereas B is
having 2’-H group which makes It less reactlive
and structurally stable.

c. A and B both have -OH groups which make It
mare reactlve and structurally stable.

d. A and B both are having -OH graups which make
It less reactive and structurally stable.

First experimental proof for semlconsorvative

DNA replication wag shown In:

a. Streptococcus pneumaniaoe

b. Escherichia coli

¢. Neurospora crassa

d. Rattus rattus

Which of the following phonomena was

experimentally proved by Meselson and Stahl?

a. Transformation

b. Transduction

¢. Semlconservative DNA replication

d. Contral dogma

If Meselson and Stahl's experiment Is continued
for sixth generations in bacteria, the ratio of Heavy
strands **N/'°N : Hybrid®SN/*N : light Y'N/*N
containing DNA In the sixth generation would be:
(COSE SQP 2021, Tarm-1)
a. 11 B0 2157
c @115 o
If E. coll were allowed to grow in the culture
medium for 80 minutes by Matthew Meselson and
Franklin Stahl In thelr experiments, the proportion
of light and hybrid density DNA molecule would
have been: (CBSE 2021, Tarmi-1)

a. 875% of lght density DNA and 12.5% of hybrid
density DNA.

b. 75.0% of light denslty DNA and 25% of hybrid
danslty DNA.

c. 509 of light density DNA and 509 of hybrid
density DNA.

d. 12.5% of Ught density DNA and 87.5% of hybrid
denslity DNA.
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Q1le.

Q19.

Q 20.

QalL

Q22

A diagrammatic illustration of the process of

transcription by RNA polymerase-Il in eukaryote

is glven below. Choose the most appropriate

statement with respect to the fate of the precursor

of mRNA transcribed that will be:

(CBSE 2021, Tarm-1)
g5

Intran
™~

~ RINA splicing
=¥
Q9 0 O-%yyan
Q

g3

a. Translation will take place ance the precursor of
mRNA leaves the nucleus.

b. Translation on mANA will not take place once the

precursor of mRNA leaves the nucleus.

Translation will take place In the nucleus.

d. The precursor of mRNA has to be processed
further In next step before belng translated.

Transcription unit Is represented In the dlagram
glven below: (CBSE 8QP 2021, Tarm-1)

]

() slta
i)

(i)

Identify site (i), factor (ii) and enzyme (iii)
responslble for carrying out the process.
a. () Promoter slte. () Rho factor
(lif) RNA polymerage
b. () Terminatar site,
(iii) RNA polymerase
c. () Promoter slte,
(Il) RNA polymerase
d. () Promoter slte,
(ilf) DNA polymerase
What Is the smallest part of a DNA molecule that
can be changed by a polnt mutation?
(COSESQP 2023-24)
a. Oligonucleotide b. Codon
c. Gene d. Nucleotide
Variatlons caused due to mutations are:
(CBSESQp2023.24)

(i) Sigmao factor
(I1) Slgma factor

(If) Slgma factor

random and directionless

random and directional

randam and small

. random. small and directional

The promoter site and the terminator site for

transcription are located at: (COSESQp 2021, Term:-1)

a. 3' (downstream) end and 5' (upstream) end.
respectively of the transcription unit.

b. 5 (upstream) end and 3' (downstream) end.

respectively of the transcription unit.

anop

Q2a.

Q 24.

Q2s.

Q 26.

Q2.

Q 28.

Q 29.

Q s0.

C the 5' (upstream) end of the transcription unit

d. the 3' (downstream) end of the transcriptian unit.

Which of the following is correct about mature

RNA In eukaryotes? (CBSESQP 2021, Term-1)

a. Exans and intrans do not appear in the mature
RNA.

b. Exons appear, but Introns do not appear In the
mature RNA.

C Introns appear, but exons do not appear In the
mature RNA.

d. Both exons and Introns appear in the mature
RNA.

A reglon of coding strand of DNA has the following
nucleotide sequence. (CBSE 2021, Tarm-1)
5' -TACGCCG-3'

The sequence of bases on mRNA transcribed by
this would be :

a. 5'-UACGLCCG=-3' b. 3'-UACGCCG~3'

c. 5'-ATGCGGC-2 d. 3'-ATGCGGC-3'

A DNA molecule is 160 base pairs long. If it has
20% adenine, how many cytosine bases are present
in this DNA molecule? (CBSE 2021, Tarm-1)
a. 48 b. 64 ¢.'98 d. 192

A template strand in a bacterial DNA has the given
base sequence : (COSE 2021, Yarni-1)
5'-AGGTTTAACG-3’

What would be the RNA sequence transcribaed from
this template strand?

a. 5'-CGUUAAACCU-3' b. 5'-AGGUUUUUCG-3'

. 5'-TCCAAATTGC~3' d. 5'-AGGTTTAACG-3’

Given below Is a sequence of bases in mRNA of a
bacterial cell. Identify the amino acid that would
be incorporated at codon position 3 and codon
position 5 during the process of its translation:

3' AUCAGGUUUGUGAUGGUACGA 5 (COSE2023)
a. Phenylalanine. Methionine

b. Cysteine. Glycine

c. Alanine, Praline

d. Serine, Valne

In E. coli, the lac operon gets switched on when:
(CDSE SQP 2021, Tarni-1)

a. lactose Is present and it binds to the repressor.

b. repressor binds to operator.

c. RNA paolymerase binds to the operatar.

d. lactose Is presentand It binds to RNA polymerase.

Which of the following cannot act as inducer?

a. Glucose b. Lactose

c. Galactose d. Both a. and c.

In the presence of allolactose, the lac repressor in
the operon of E. coll. (CBSE 2021, Tarm-1)
a. binds to the operataor

b. cannat bind to the operatar

c. binds to the promoter

d. binds to the regulator
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Q3l

Q32.

Q 33.

Taylor and colleagues performed experiments an
.. using radioactive .......... to prove that the
DNA in chromosomes replicate semiconservatively.
(CBSE2021, Term-1)
a. Vicia foba. Uridine b. €. coll Uridine
c. Vicia faba, Thymidine d. E. coli, Thymidine
Oswald Avery, Colin MacLeod and Maclyn McCarty
used enzymes to purify biochemicals such as
protelns, DNA and RNA from the heat-killed S cells
to see which ones could transform live R cells into
S cells in Griffith's experiment. They observed that:
(CBSESQP 2021, Term-1)
a. Proteases and RNases affected transformation
b. DNase Inhlblted transformation
c Prateases and Lipases affected transfarmatlon
d. RNases inhibited transformation
A

AUG

AUG on the mRNA will result In the activation
of which of the following RNA having correct

combination of amino aclds: (cBsEsQp 2021, Term-1)

Q34. Short

Q 95.

Q 36.

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Stte A

Site B

a UAC
b. | Methlonine
C | Methlonlne
d. |AUG

Methlonine
UAC
AUG
Methlonine

stretches of DNA wused to

identlfy

complementary sequence in a sample are called:

a. probes

RNA is:

a. 5" 0OH b. 4" OH

b. markers c. VNTRs
The reactive hydroxyl group in the nucleotide of

c. ¥ OH
Study the glven dlagrammatic representation of

(COSESQP 2021, Tarm-1)
d. primers

(CBSE2021,Term-1)
d. 2' OH

Griffith's experimant to demonstrate transformation

In bacterla.

AN

8 slrain R slrain S glroin
Heal killod

I

Inject Injsct Inject
inlo mico Into mice inlo mica

! y |

hlice die Mioe live Mica dis
0] (i) (i)

(CBSE 2021, Term-1)

&

Heal h;lliud R slrain

S trlmln v

|

Injsct
Into mico

!

Mioo live
(v)

Q 39.

Select the option which is incorrectly representing
the experiment :

a. (I) and (i) b. (i) and (Ili)
c. (iii) and (Iv) d. (i) and (lv)
Q 37. Which cellular process Is shown below?
a©9%9%0,
Pe -
5 ¥
(COSESQP 2021, Tarm-1)
a. DNA replication
b. Translation - Initiation
c. Translatlon - Elongation
d. Translatlon ~ Termination
Q38. In the given figure of translation machinery of
eukaryotes, select the correct labellings for (i), (Ii),
(iii) and (iv). (COSE 2021, Tarm-1)
® (iv)
L@
(i)
CUCUUGOGGUCCGCAGUUAALNUUCUAUC
||i_}—|'II"Ihl]lllll!lllllllll]i|]'

R ibpaame /

a. (I) Codon. (ll) Anticodon. (lll) tRNA. (lv) 3' end of
mRNA

b. (1) Anticodon. (Il) Codon., (lil) 3* end of MRNA. (iv) 5’
end of MRNA

¢. (1) Polypeptide chaln, (Il) large subunit of ribosome.
() 5" end of MRNA, (Iv) tRNA

d. (I) Ribozyme. (ll) Polypeptide chaln, (lll) RNA,
(iv) 5" end of (RNA

Origin of replication of DNA in E. coll Is shown

below. Identify the Labelled parts (i), (i), (iii) and

(iv).

(CBSESQP 2021, Tarm-1)
(iv) (iif)

a. (I) discontinuous synthesls, (li)
synthesls (iii) 3’ end (lv) 5" end

contlnuous
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Q 40.

Q 4l

Q 42.

Q 43.

Q 44.

b. () continuous synthesis, (ll) discontinuous
synthesis (i) 5" end (iv) 3' end

c (i) discontinuous synthesis. (i) continuous
synthesis (i) 5' end (iv) 3' end

d. () continuous synthesls, (i)

synthesls (lii) 3 end (lv) 5' end

dlscontinuous

Which one of the following diagram correctly
represents DNA replication in eukaryotes?

(CBSE2021, Tarm-1)

a1 8 e 53 o B
/K /K. /\\. /\.
5 a4t 3 53 5 3 3

a. b. C d.

Identify the correct pair of codon with its
correspanding palr of amino acld:

(COSE 2021, Tern-1)
a. UAA : Leuclne
b. UGA : Sering
c AUG : Histldine
d. UUU : Phenylalanine
Two important RNA processing events lead to
speclalised end sequences in moast human mRNAs:

......... (1)irsiee at the 5' end, and ...oone () e
at the 3’ end. At the 5' end the most distinctive
speclalized end nuclootide, ... (i) wsimas Is
added and a sequence of about 200 ......... (iv) is

added to the 3’ end. (SQP 2021, Tarin-1)

a. (I) Initlator codon (1) Promoter (i) Terminator
codon (iv) Release factors.

b. (). Promoter (i) Elongation (lll) Regulation
(Iv) Termination.

c () Capping () Polyadenylation () ™Gppp
(iv) Poly(A).

d. (I) Repressor (Il
(Iv) Release factars.

Co-repressar  (Ill)  Operon

What are minisatellites?

2. 10-40 bp slzed small sequences within the genes.

(COSE SQP 2021, Term-1)

b. Short coding repetltive reglon an the eukaryotlic
genome.

c. Short non-coding repetitive sequence forming
large portlon of eukaryotic genome.

d. Reglons of coding strands of the DNA.

There was a mix-up at the hospital after a fire

accident in the nursery division. Which of these
children belong to the parents?

FATHER NOTHIR CHOD1 OdND2? CHID3I GND4 CHODS CHRDG
| o | S— m— —
— — T— — ) —
e | E— — E—

— | — —_— —
EE— I | —
— E— — — __
—
— — _ N | e—
— | — —— | — p—
— E—
— I E— [——]
[l — ey | — S—
— —
—— | —— —— e —
cTT===T
—— — —
S | — —  —
— | —
LANE 1 LANE 2 LAMET LAHE4 LANES LANEL LANE? LANES

(CBSESQpP 2021, Termi-1)
a. All of the children
b. Children 2, 3 and 6
¢ Children1and 3
d.

Children 2 and 4

@) Assertion & Reason Type Questions N

Diractions (Q. Nos. 45-50): Each of the following questions
consists of two statements, one Is Assertion (A) and the other Is
Reason (R). Select the correct answer to these questions from
the codes a, b, c and d as given below.

Q 45.

Q 46.

Q47.

Q 48.

Q 49.

Q 50.

a. Both Aggertlon and Reasan are true and Reeson |8
the correct explanation of Assertion.

b. Both Assertion and Reasan are true but Reasan Is
not the correct explanation of Agsertlon.

c. Assertlon Ig true but Reason s false.

d. Assertlon Is false but Reason Is true.

Assertlon (A): Sequences of bases in one

polynucleotide chain of DNA can determine the

sequence of bases In the other chaln.

Reason (R): In a DNA, amount of adanine equals

that of thymine and amount of guanine cquals that

of cytosine, l.e,A=Tand C=G.

Assertion (A): tRNA acts as an adapter molecule.

Reason (R): tRNA rocognizes codon sequence of
mRNA during translation.

Assertion (A): Same tRNA can recognise more than
one codons differing only at the third position.

Reason (R): The specificity of a codon is particularly
determined by the first two bases.

Assertion (A): RIbosomal RNA Is syntheslsed in the
nucleus of the cell.

Reason (R): It Is translated with the enzyme RNA
polymerase-lIl. (CBSE SQP 2023.24)

Assertion (A): UAA, UAG and UGA terminate protein
synthesls.

Reasaon (R): They are not recognised by tRNA.

Assertion (A): Ribosomes attached to endoplasmic
reticulum release proteins into lumen of ER.

Reason (R): Such proteins are used for formation
of hydrolytic enzymes or are modified.
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1.

10.

1.

12

Noawmew

|Answers]

(c) cONA

Complimentary DNA (cDNA) is DNA synthesised
from a single-stranded RNA template In a reaction
catalysed by the enzyme reverse transcriptase.
RNA of viruses first syntheslses complementary
DNA (cDNA) through reverse transcription. DNA
then transfers Information to RNA which takes part
in the translation of coded information to form a
polypeptide.

(c) 30%

According to Chargaff's rule. the amount of adenine
Is always equal to that of thymine and the amount of
guanine is always equal to that of cytosine, Le. A ==T
and G == C.

If double-stranded DNA hag 20% cytoslne, then
according ta the law. it would have 20% of guanine.
The remaining 6096 represents both A + T molecule.
Since. adenine and guanine are always present in
equal numbers, the percentage of adenine molecule
is 30%.

(d)7

(c) Tobacco Mosaic Virus (TMV)

(b) RNA

(d) Both a. and b.

(b) capping

Methyl guanosine triphosphate is assocloted
with capplng Capplng occurs at the beginning aof
transcription In the nucleus, It consists of the addition
af a 7—methylated guanosine cap at the 5' end of
the mRNA. Capping offers protection to the mRNA
agpinst phosphatases and other nucleases.

(c) George Gamow

George Gamow attempted to solve the problem of
how the arder of the four different kinds of bases
(A, T. G and C) in DNA chains could control the
synthesls of proteins from amino aclds. Gamow
suggested that the twenty of the comblnations of
four DNA bases taken three at a time carresponded
to tvrenty amino aclds used to form proteins.

(a) Right handed hellx, pitch Is 3.4 nm

(b) Peptide bond formatlon between two amino
aclds,

(b) It Is a single-stranded DNA.

According to the Chargaff's rules, the DNA from any
cell of all organisms should have a 1:1 ratlo (base
Palr Rule) of purine bases (for the DNA cytosine,
thymine and for the RNA uracll] and pyrimidine
bases (guanine and adenine for RNA and DNA). The
amount of guanine should be equaled to cytosine
and the amount of adenine should be equaled to
thymine. From the glven data. ItIs concluded that It Is
a single-stranded DNA.

(c) 40.000 bp and 13.600 x 107% m

Nucleosomes are fundamental organisational units
of chromatin which appear as ‘beads-on-a-string’
arrangement Each bead of nucleosome has 200 bp
of DNA which Is wound 1.65 times around hlstone
octamer. The bead plus linker DNA (20-40 bp;
average 20 bp) leads to the next bead and form the
nucleosomes. Therefore, a ‘beads on string' structure

v

14,
15.

16.

17.

18.

20.
21.
22,

23.

24,
25,

with 200 beads contains 200 x 200 = 40.000 bp DNA
on an average.

The length of typical euchromatin Is calculated
by multplying the total number of bp with
distance belween two consecutive bp, that Is,
(40.000 bp x 0.34 = 10°m/bp).

So. length = 40.000 x 0.34 107 = 13.600 x 10° m.
So. there will be 40.000 bp In the stretch and
the length of the typlcal euchromatin would be
13.600 x 107 m.

(b) A is having 2=0H group which makes it more
reactive and structurally unstable, whereas B Is
having 2’=H group which makes It less reactlve and
structurally stable.

(b) Escherichla coll
(c) Semiconservative ONA replication
(d)0:1:3

The ratio of Heavy strands "*N/'*N : Hybrid "®N/"N :
Uight ™N/"N containing DNA In the sixth generation
willbe 0:1: 31

(a) 87.5% of light density DNA and 1259 of hybrid
denslty DNA.

(d) The precursor of mRNA has to be processed
further In next step before being translated.

(c) (I) Promoter site (Il) Sigma factor (ll) RNA
polymerase

(d) Nucleatide

(a) random and directlonless

(b) 5" (upstreamn) end and 3' (downstream) end.
respectively of the transcription unit.

The promoter site and the terminator site for
trangcription are located at 5' (upstream) end and 3'
(downstream) end. respectively of the transcription
unit

(b) Exons appear, but Introns do not appear In the
mature RNA

Eukaryotic transcripts possess extra segments
called Introns or Intervening sequences or noncading
sequences. they do not appear In mature or
processed RNA. The functional coding sequences are
called exons. Splcing Is removal of Introns and fusion
of exons to form functional RNapse.

(a) 5'—UACGCCG~-3'

(a) 48

Total number of base palrs (bp) In glven
DNA = 160 bp

Percentage of adenine (A) = 20%

20
Amount or number of bp In A = 150><m: 32bp

We know that Als equal to T
So. total amount of bpof Aand T=32+32=64
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26.

27.
28.

29,
30.
3.
32.

33

34,

35.

36.
37.
38.

39.

Total bp In DNA = 160
bpinAandT =64
Remalning bp = 160 — 64 = 96

We also know that cytosine (C) ks equal to guanine
(G) and here C+ G =96

Sa. Cytosine =%:48.

(a) 5’~CGUUAAACCU-3'
(a) Phenylalanine. Methionine

(a) lactose Is present and it binds to the repressar.
The repressor of the operon s synthesised
(all-the-time-constitutively) from the f gene. The
repressar protein binds to the operator region of
the operon and prevents RNA polymerase from
transcribling the operon. In the presence of an
inducer, such as lactose or allolactose, the repressar
Is Inactivated by Interactlon with the Inducer. This
allows RNA polymerase access to the promoter and
transcription proceeds. Thus, the lac operon gets
switched on.

(d) Both a. and c.
(b) cannot bind to the aperatar
(c) Vicla faba. Thymidine

(b) DNase Inhlibited transformation

Prior to the work of Oswald Avery, Colin MacLeod and
Maclyn McCarty (1933-44), the genetic materfal was
thought to be a protein. They worked to determine
the blochemical nature of ‘transforming principle’
In Griffith's experiment. They purlfied blochemicals
(protelns, DNA, RNA, etc.) from the heat-killed S cells
to see which ones could transform Uve R cells Into
S cells. They discovered that DNA alone from S
bactaria caused R bacterla to become transfarmed.
They alsa discovered that proteln-digesting enzymes
(proteases) and RNA-digesting enzymes (RNases)
did not affect transformation. so the transforming
substance was not a protein or RNA. Digestion with
DNase did inhibit transformation, suggesting that
the DNA caused the transformation.

(b) Slte A- Methlonine. Site B-UAC

RNA has the right combination of amino aclds as
methionine at site A and UAC at site B.

(a) probes

A probe Is a single-stranded sequence of DNA or RNA
used to search for Its complementary sequence In
a sample genome. The probe Is placed Into contact
with the sample under conditions that allow the
probe sequence to hybridize vAth Its complementary
sequence.

(d) 2’ OH

(c) (i) and (iv)

(c) Translation — Elongation

(c) Polypeptide chain. (ii) large subunit of ribosome.
(

(

i) 5" end of MRNA, (Iv) tRNA

d) (I) continuous synthesis (ll) discontinuous
synthesis (iii) 3' end (iv) 5' end

41.
42,

43,

44,

45,

46.

47,

48,
49,

/N,
5 3

(d) UUU : Phenylalanine

(c) () Capping () Polyadenylation (iil) ™Gy,

(iv) Poly(A)

Two important RNA processing events lead to

speclalized end sequences In most human mRNA

capping at the 5' end. and polyadenylation at the

3' end. At the 5’ end, the most distinctive speclalized

end nucleotide, "G, is added and a sequence of

about 200 poly(A) Is added to the 3' end.

(c) Short non-coding repetitive sequence forming
large portion of eukaryotic gename.

(c) Children 1and 3

The a DNA fingerprints of children 1 and 3 are

matching with those of parents so. they are probably

thelr children.

(b) Bath Agsertlan and Reasan are true but Reason
is not the correct explanation of Assertion.
Although A == T and C == G, there I8 no any restriction
ar sequence of bases in one polynucleotide chain.
Since A s always linked to T and C go G as determined
from the above evidences, sequence of bases in one
of political should determine the sequence of bases
In the other political of the double helix.

(b) Bath Assertlon and Reason ara true but Reason
Is not the carrect explanation of Assartlon.

tRNA Is an adaptor molecule because It adopts
amino acld to bring It to proteln synthesls site In
activated form and not because it recognises the
codan on mRNA.

(a) Both Assertion and Reason are true and Reason
Is the correct explanation of Assertion.

It has been shown, for Instance that the same (RNA
can recognlse more than one codons differing only
at the third position. This pairing Is not very stable
and Is allowed due to wobbling In base palring at
this third position. This kind of wobblng allows
economic of the number of tRNA molecules. since
several codons meant for same amino acld are
recognised by same tRNA. Far Instance. antlcodan
CGC can recognise codons GCU, GCC and GCA

(c) Assertlon Is true but Reason Is false.

(a) Bath Assertion and Reason are true and Reason
s the correct explanation of Assertion.

Synthesls of polypeptide terminates when a
nonsense codan of MRNA reaches the A-slte. There
are three nonsense codons--UAA, UAG and UGA.
These codons are not recognised by any of the
(RNAs. Therefore. no more aminoacyl tRNA reaches
the A-site. The P-site (RNA is hydrolysed and the
completed polypeptide Is released In the presence
of release factor. Thus termination occurs.
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50.

(b) Both Assertion and Reason are true but Reason
is not the correct explanation of Assertion.
Polyribosomes attached to membranes of
endoplasmic reticulum produce proteins which
either pass into their lumen or become integrated
into the membranes. The prateins released into
the lumen generally reach Golgl apparatus for
modifications Uke formation of hydrolytic enzymes
and glycosylation (addition of sugar residues). The
modified proteins are packed in vesicles for export
or formation of lysosomes. cell wall. enzymes.
plasma membrane, etc

-g) Case Study Based ouestions
Case Study 1

QL

Qe

Q3.

Q4.

Q6b.

Nuclele Acids

Deoxyribonucleic Acid (DNA) and Ribonucleic
Acid (RNA) are the two types of nucleic acids
found in the living systems. DNA acls as the
genetic material in most of the organisms.
Although RNA also acts as a genctic material in
some organisms.

In which of the following organisms, RNA acts as a
genetic material?

a. kscherlichia call b. QB Bacterlophage

c. Tobacco Mosalc virus  d. Both b.and c.

What Is the reason for the additional stability of

DNA in comparison to RNA?

a. Presence of thymine

b. Presence of uracil

C. Presence of OH group

d. Presence of deoxyribose sugar

Which of the following criterin a molecule must

fulfill to act as a genetic material?

a. It should be able to penerate Its replca.

b. It should be stable chemically and structurally.

c. It should be able to express Itself In the form of
Mendellan character.

d. All of the abave

Read the given statement and select the option

that correctly fill in the blanks.

Pyrimidines present In DNA are:(l) ... BN i

(Il) while pyrimidines present In RNA are; (Ill) v
and i (v)

a. (1) Adenine, (If) Guanine, (I} Cytosine, (lv) Thymine

b. (I) Cytosine, (ii) Thymine, (ili) Cytosine, (iv) Uracil

c. (1) Cytosine, (i) Uracil, (iii) Adenine, (iv) Guanine

d. () Cytosine. (i) Uracll, (i) Cytosine. (iv) Thymine

Assertion (A): RNA Is liable and easlily degradable.

Reason (R): The 2'~OH group present at every

nucleotide in RNA is a reactive group.

a. Both Assertlon and Reason are true, and Reason
ls the correct explanation of Assertion.

b. Bath Assertion and Reason are true, but Reason
Is not the correct explanation of Assertion.

c Assertlon Is true, but Reason Is false.
d. Assertlon Is falee but Reason Is true.

[A |

L ANSWers | v

1. (d) 2.(3) 3.(d) 4. (b) 5. (a)
Case Study 2

DNA Double Helix

In prokaryotes, DNA is circular and present in
the cytoplasm but in eukaryotes, DNA is linear
and mainly confined to the nucleus. DNA or
deoxyribonucleic acid is a long polymer of
nucleotides. In 1953, the first correct double
helical structure of DNA was worked out by
Watson and Crick. Based on the X-ray diffraction
data produced by Maurice Wilking and Rosalind
Franklin, it is composed of three components
i.e., a phosphate group, a deoxyribose sugar and
a nitrogenous bage. Different forms of DNA are
B-DNA, Z-DNA, A-DNA, C-DNA and D-DNA.

Q1. Name the linkage present between the nitrogen

base and pentose sugar In DNA.
a. Phosphadlaester bond

b. Glycogldic bond

¢. Hydrogen bond

d. None of the abave

Q2. The double helix structure of DNA was proposed

by:

a. Jomes Watson and Francla Crick
b. Erwin Chargnff

¢. Frederick Griffith

d. Hershey and Chaose

Q3. The double chain of B-DNA is colled in a helical

fashion. The splral twisting of B-DNA duplex
produces:

a. right and left part

b. major and minor grooves

¢. upper and lower sldes

d. linear and clrcular part.

Q4. Which of the following describes the structure of

B-DNA?
Polynucleotide | Number of base palrs per
cholns Complete turn of helix
a. Parallel 5
b. Antl-parallel 10
c. Parallel 15
d. Antl-parallel 20

Q5. Assertion (A): The two strands of DNA hellx have

uniform distance between them.

Reason (R): A large sized purine is always palred

opposite to a small sized pyrimlidine.

a. Both Assertion and Reason are true. and Reason
Is the correct explanation of Assertlon.
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b. Both Assertion and Reason are true, but Reason
is not the correct explanation of Assertian.

C Assertion Is true, but Reason Is false.

d. Assertion Is false but Reason Is true.

J| Answers |
1. (b) 2.(a) 3.(b) 4. (b) 5. (a)
Case Study 3
Translation

QL

Q2

Q3.

Q4.

QSs.

Translation is the process of polymerisation of
amino acids to form a polypeptide. The order
and sequence of amino acids are defined by
the sequence bases in the mRNA, The amino
acids are joined by a bond called peptide bond.
Ribosome is the site of protein gynthesis.

Which ion s essential for assoclation of both units
of ribosome at the time of proteln formation?
a. Mg*° b. Mn?* e ir d. Ca®

During translation, how many initlation factors are
required In eukaryotes for initiation reactians?
2.3 b. 6 €7 d9
Which part of mRNA contains Untranslated
Reglons (UTR)?

a. 3'end

c. Elther 3' or 5' end

b. 5 end
d. Both 5' end and 3’ end
Name the enzyme that helps in combining amino
acid to fts particular RNA.
a. Activating enzyme
b. Amino-acyl t(RNA-synthetase

C. Peptldyl transferase
d. Bath a. and b.
From the given List, select the translation machinory.
1. mRNA

2. Ribosomes

3. Amino aclds

4, tRNAs

5. Amino acyl tRNA synthetase

6. Peptidyl transferase

7. Pyrophosphatase

1).(2). (3). (4) and (6)
1).(2). (3). (4) and (5)
1. (2).(3). (4). (5) and (6)
1).(2). (3). (4). (). (6) and (7)
I A I ™

—— — —

a
b.
&1
d. (1),

Case

LANswers |

(a) 2. (d) 3. (d) 4, (c)

Study 4

5. (a)

DNA Replication

DNA replication is o complex multistep process
that requires cnzymes, protein fuctors and metal
ions. DNA replication in eukaryotes occurs
in the nucleus during the S-phase of the cell

QL

Ans,

Q2

Ans.

Q3.

Ansg,

Ansg.

Case

Ql

Ans.

Q.

Ans.

Ans.

Q3.

Ans,

cycle. It is semi-discontinuous in eukaryotes.
In prokaryotes, replication takes place in the
cytoplasm. DNA replication in bacteria occurs
prior to fission. Nucleoid or viral chromosome
is a single molecule of nucleic acid, it may be
linear or circular. Nucleic acid in a virus is either
DNA or RNA but never both.

Read the given passage carefully and give the
answer of the following questions:

In viral DNA, how many origins of replication are
present?

Sinple origin of replication is present in viral DNA.
Select the main enzyme involved in DNA of these
replications.

The maln enzyme Involved In DNA of these replcation
is DNA dependent DNA polymerase.

What does the DNA strand built up of Okazaki
fragments called?

DNA strand bullt up of okazakl fragments Is called

leading strand.

OR

Which enzyme acts over the Or/ site and unwinds
the two strands of DNA by destroying hydrogen
bonds?

Helicase enzyme acts aver the Orlslte.

Study 5

Transcription

The process of copying genctic information
from template strand of DNA into RNA is called
transcription. It is mediated by RNA polymernse.
Transcription takes place in the nucleus of
eukaryotic cells. In transcription, only a segment
of DNA and only one of the strands is copled
into RNA.

Read the given passage carefully and given the
answer of the following questions:

What do you mean by transcription?

Transcription Is the process by which the Information
In a strand of DNA Is copled Into a new molecule of
messenger RNA (mRNA).

What are reglons of transcription unit In a DNA
molecule?

The regjons of transcription unit in 8 DNA molecule
are promoter structural gene and terminator.

OR

In which organisms monocistronic structural genes
are found?

Monacistronic  structural genes are found In
eukaryotes.

Which enzyme helps in tailing or polyadenylation?
Poly-A  polymerase  helps In  tallng  or
polyadenylation.
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'@’ Very Short Answer type Questions \)

QL

Ans.

Q2.

Ans.

Qs.

Ans.

Q4.

Ang.

Q.

Ang.

Q6.

Ang.

Q7.

Ans.

Q8.

Ans.

Write the dual purpose served by
deoxyribonucleoside triphosphates in
polymerisation. (CBSE2018)
Deoxyribonucleoside  triphosphate  acts as a

substrate and provide energy (from the terminal two

phosphates) In polymerisation.
Write the central dogma of molecular biology.

Central dogma of molecular biology states that
the genetic Information flows unldirectionally from
DNA—RNA—Protein.

Replication O)NA —— mMRNA
Transcripton

— Protein
Tranalation

How many base palrs would a DNA segment of
length 1.36 mm have? (CBSE2017)

Distance between two base pairs = 034 mm or

034 % 107® mm Number of base palrs In 1.36 mm DNA

segment
1

= Wx 136 =4x10° bp (base palrs)
34 % —

Write the role of histone protein in packaging of
DNA in cukaryotes. (CBSE2017)
Histones are posltively charged baslc pratelns.
The negatively charged DNA s wrapped around
the positively charged histone octomer to form

nucleosome.

What are o’ and ' In the nucleotide with purine
represented below?

|
a-'—O—T

H
b

a'ls phosphate group and 'b' Is nitrogenous base Le.
purlne (adenine/guanine).

How does the flow of genetic information in HIV
deviate from the ‘central dogma' proposed by
Francls Crick?
In HIV. single-stranded RNA Is converted to double
stranded DNA.

Name the negatively charged and posttively
charged components of a nucleosome. (CBSE2015)
In a nucleosome. the negatively charged component

octamer.

Name the enzyme and state its property that Is
responsible for continuous and discontinuous
replication of the two strands of a DNA molecule.
The enzyme Is DNA dependent DNA polymerase. It
catalyses polymerisation in 5' — 3" direction only.

Q9.

Ans.

Q10.

Ans.
Qu.

Ans.

Ql2.

Ans,

Q13.
Ans.

Q4.

Ans.

QI5.
Ans.
Q6.
Ans.
Ql.
Ans.
Q1ls.
Ans.
Q19.
Ans.
Q 20.
Ans.
Q2L

Ans,

Name the transcriptionally active region of
chromatin in a nucleus. (CBSE 2015)

Euchromatin or exon is the transcriptionally active
region of chromatin in a nucleus.

Mention the two additional processings which
hnRNA needs to undergo after splicing so as to
become functional.

Capplng and talling are the two additional processings.
When and at what end does the ‘tailing’ of hnRNA
take place?

Tailing' of hnRNA takes place during conversion of
hnRNA Into functional mRNA after transcription. It
takes place at the 3-end.

At which ends do capping' and 'tailing' of hnRNA
occur, respectively?

Capping accurs at 5-end and tailing occurs at 3-end.
What Is clstron? (CBSE2015)
Aclstronisasegment of DNA coding for a polypeptide.

How does a degenerate code differ from an

unambiguous one? (CBSE2015)

Degenerate cade means that ane amino acld can be

coded by more than one codon. Unamblguous code

means that one codon cades for only one amino acld.

Mention two functions of the codon AUG.

Two functions af the codon AUG are:

(1) It acts as a start codon durlng protein synthesls.

(1) It codes for the amino acld methlonina.

Mentlon the role of the codons AUG and UGA

during protein synthasis.

The codon AUG Initiates proteln synthesls whereas

the codon UGA stops proteln synthesis.

Write the function of RNA polymerase II.
(COSE2015)

RNA polymerase Il transcribes precursor of mRNA or

hnRNA

Give an example of a codon having dual functlan.
(COSE2016)

AUG acts as an Initlation codon and also codes for
methlonlne.

Mention how does DNA polymorphlsm arise In a
population.

DNA polymorphlsm In a population arige due to
presence of Inheritable mutations at high frequency.

Suggest a technique to a researcher who neads to
separate fragments of DNA. (CBSE2016)
Gel electrophoresis Is used to separate DNA
fragments.

Mention one difference to distinguish an exon
from an Iintron.

Exon Is the coded or expressed sequence of
nucleotides In mRNA. Whereas, Intron Is the
intervening sequence of nucleotides not appearing In
processed mRNA
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Q 22. Name the parts ‘A’ and ‘B’ of the transcription unit

given below: (CBSE 2016)
T Structural gene
A
3
¥
B
Ans. ‘A’ is promoter sequence of DNA and 'B' is coding
strand.

Q 23. Aregion of a coding DNA strand has the following
nucleotide sequence:

-ATGC-

What shall be the nucleotide sequence in:

(i) sister DNA segment it replicates, and

(ii) MRNA polynucleotide it transcribes?
Ans. (i) - TACG -

(i) = UACG -

ERRODR

There may be confuslon in writing nucleotlde sequence
so practice them carefully.

Q24. Why hnRNA is required to undergo splicing?
(CBSE2019)
Ang. hnRNA undergoes splicing In order to ramove Introns
which are Intervening or non-cading sequences and
@wons are oined to form functlonal MRNA.
Q 26. Given below is a schematic representation of a lac
operon in the absence of an Inducer. Identify‘a’and
'b'in it. (CBSE2017)

(oL i fofe)] o [v]a]
' :

v

i e ]

Rapressor
mRNA

o —O
Ans. a-Repressor, b-Repressor bound to tho oparator that
prevents transcription of structural genes.

Q 26. Mention the contribution of genatic maps In
human genome project.
Ans. The cantribution of genetic maps Is as follows:

(I) Genetic maps hove played an Important role In
sequencing of genes.

() DNA fingerprinting and In tracing human history.

() Chromosomal location for disease assoclated
sequences.
Q 27. Calculate the length of the DNA of bacteriophage
lambda that has 48502 base pairs.
Ans. Distance between two consecutive base palrs
=034 x1077m
The length of DNA In bacterlophage lambda
= 48502 x 034 %107 m
21649 x 109 m

'@, Short Answer Type Questions \)

Q1l. Draw a schematic representation of dinucleotide.
Label the following:
(i) The components of a nucleotide
(ii) 5" end
(iii) N-glycosidic linkage
(iv) Phosphodiester linkage

Ans. Nucleotide = Ribose sugar + Base + Phosphate group.

H Phosphodiestor linkage
| H Ribose sugar

5 end —C I ‘
| C OHB and
H Q ,I_| 0

Pantose
Nitrogenous base e
' gu%ar Base N-glycosidic

+
Tho compononts of 8 nucloolido linkege

TiP
Practice making the dinucleotide linkage along with the
labelling of its components.

Q2. How do histones acquire positive charge?

Ans, Histones are rich In the baslc amino acld resldues
lysines and arpinines. which carry positive charges
In thelr side chalns. Therefore, histones are positively
charged.

Q 3. Although a prokaryotic cell has no defined nucleus,
yet DNA is not scattered throughout the cell.
Explain. (CBSE 2018)

Ans. DNA Is negatively chorged and posltively charped
proteins hold It In places In large loops (In a reglon
termed as nucleold).

Q4. Draw a schematic diagram of a part of double-
stranded dinucleotide DNA chain having all the
four nitrogenous bases and showing the correct
polarity.

Ans. Diagram of double-stranded dinucleotide DNA chain:

Cpium

Ouprirw Thywog

Npanoun Eo0 g Duger Pgrpoin
boon urikirera

Q6. Explain the two factors responsible for conferring
stabllity to double helix structure of DNA.
(CBSE 2017)
Ans. Factors responsible for conferring stability to double
helix structure are presence of hydrogen bonds. the
plane of one base palr stacks over the other and
complementary presence of thymine In place of
uracil.
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Q6.

Ans.

Q7.

Ans,

Ql0.
Ans.

QL.

Ang.

Qle.

Ans.

Ql3.
Ans.

Why do you see two different types of replicating
strands in the given DNA replication fork? Explain.
Name these strands.

The DNA-dependent DNA polymerase catalyses
polymerisation only in one direction ie. 5 — 3.
Therefare. in one strand with polarity 3° — 5.
continuous replication takes place whereas the
other strand with polarity 5° —» 3" carries out
discontinuous replication.

The strand with polarity 3" —» 5" is called leading

strand and the strand with polarity 5" — 3" Is called

lagging strand.

State the dual role of deoxyribonucleoside

triphosphates during DNA replication.

The dual role is as under:

(I) Deoxyribonucleoside  triphosphates  act  as
substrates for polymerisation

() These provide energy for polymerlsation reaction.

Q8.

Sol.

Q9.

Ans.

A DNA segment has a total of 1500 nucleotides, out

of which 410 are Guanine containing nucleotides.

How many pyrimidine bases this DNA segment
possesses?
Accarding to Chargaff's rule.

E:E:'i

GwC Guwdll hence Cw 410
G+C=410+410=820

So. A+ T=1500~B20=680

A=T 50 Tz-Elg—DZBAD

So. pyrimidines « C+ T = 410 + 340 » 750

A template strand Is glven below. Write down the
corresponding coding strand and the mRNA strand
that can be formed, along with their polarity.

3" ATGCATGCATGCATGCATGCATGC 5°

Coding strand: 5 TACGTACGTACGTACGTACGTACG 3
mRNA strand: 5° UACGUACGUACGUACGUACGUACG 3

actlvation of amina aclds In the presence of ATP and
thelr Unkage to thelr cognate (RNA

If two such charged IRNAs are braught close enough.
the formation of peptide bond between them would
be favoured energetically.

Differentiate between a template strand and a coding strand of DNA.
S.No. | Basla of difference Template Strond Coding Strand
(1) Definition The DNA strand that has the polarity [ The strand which does not code any-
and act as a template for transcription [ thing and has polarity Is called coding
is known as template strand. strand.
(n Nucleatide sequence | Nucleotide sequence Is complementary | The nucleotide sequence Is the same to
to tho one present In RNA. the ane present in MRNA except for the
prosence of thymine Instead of uracil
Explain the role of 355 and 32P in the experiments  Q14. What Is a cistron? Why Is the structural gene
conducted by Hershey and Chase. . in a transcription unit of eukaryotes called
Viruses gmvlvn i? the medium  containing  ““P monocistronlc and that in prokaryotes/bacteria
contained radioactive DNA but not radloactive protein called polycistronic? Give reasons.
because DNA contains phosphorus but protelns do i l | ¢ DNA coding f l \d
not contaln phosphords. ng. Clstronls a segment o m. ng for a polypeptide.
Similarly, viruges grown on radloactive sulphur ig In eukaryotes. the transcriptional units hove
contained radiooctive proteln but not radicactive DNA Interrupted coding soquances-exons and Introns.
because DNA does not contaln sulphur, It codes for only one polypeptide. so It Is called
Draw a labelled schematic diagram of a manocistronic.
transcription unit. (COSE2015) In prokaryates structural genes hove maony coding
Dingram of tranacription unit: sequonces. so It Is called polycistronic.
Trangcription afast alle Q15. (i) Name the sclentist who suggested that the
Promotur | C o Tyrminmior genetlc code should be made of a combination
3 Wruciured gorw Tomgine wnang  — E
of three nucleotides.
6 T =3 (i) Explain the basls on which he arrived at this
conclusion,
What is amino acylation? State its significance. Ans. (1) George Gamnav.
Amino acylation of (RNA or charging of tRNA Is the (ii) He proposed that there are four bases and 20

amino acids. So. there should be at least 20

different genetic codes for these 20 amino aclds.
The only possible combinations that would meet
the requirement Is combinations of 3 bases that will
glve 64 codons.
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Q16. Three codons on mRNA are not recognised by
tRNA, what are they? What is the general term
used for them? What Is their significance in protein
synthesis? (CBSE2016)

Ans. UAA.UAG and UGA are the three codons that are not
recognised by tRNA. They are also called nonsense
or termination or stop codon. They terminate protein

synthesis.
Q17. The diagram below shows the sequence of amino

acids in part of a haemoglobin molecule:
Val His Leu Thr Pro Glu

Glu Heomoglobin
chaln

LUl LIl LIl I i 1L L mANA

CAT GTA  AAT TGA GGA (CT°T C1c

DNA
Key : Val = valine Thr = threonine
His = histidine Pro = proline
Leu = leuclne  Glu = glutamic acid

() If the base T* was substituted with A, how
would it affect the haemoglobin chain?

(ii) Name the condition and the effects associated
with the above substitution. (COSESQpP 2023-24)

Ang. (I) CTT would become CAT which codes far valine.

Thus. vallne would replace glutamic acld at that
polnt.

(ii) Slckle cell ansemin, the mutant haemoglobin
molecule undergoes polymaorization leading
to the chaonge In the shope of the RBC from
blconcave disc to elongated sickle lke structure.

Q18. What is splicing? Why Is splicing necessary In
eukaryotic gones?

Ansg. The process by which non-cading reglons (Intron) on
hnRNA are removed and coding regions (exon) are
Joined to produce mRNA Is called splcing,

Splcing Is necessary In eukaryotes to rémowve

the non-coding Introns from hnRNA to produce a

meaningful functional mRNA. Prokaryotes do not

hawve Introns In the mRNA.

Q19. Glven below Is a schematic representotion of lac
operon:

LTIl 1o
N

I N
Repressor

mRNA

:

&

() Identify I and p.
(ii) Name the 'inducer’ for this operon and explain

its role.
Ans. (I) I Is the regulatory gene and p Is the promoter
gene.

(II) Lactose Is the Inducer. It Is the substrate for
the enzyme B-galactosldase and it regulates
switching On and Off of the operan.

ERR(DR

Students make mistakes in identifying the terms or in
correct naming. They should practice and leam them
thoroughly.

Q20. A low level of expression of lac operon occurs at
all the time. Can you explain the logic behind this
phenomena? (CBSE2015)

Ans. Inthe complete absence of expression of lac operon.
permease will not be synthesised which is essential
for transport of lactose from medium into the cells.
And if lactose cannot be transported into the cell
then it cannat act as Inducer. Hence. it cannot relleve
the lac operan from its repressed state. Therefore.

lac operan is always expressed.

Q21. What is satellite DNA in a genome? Explain their

role in DNA fingerprinting.

OR
Explain the significance of satellite DNA in DNA
fingerprinting technique.

Ang. A small stretch of DNA sequence that repeats many
a time shows a high degree of polymorphism and
forms a bulk of DNA In a genome called satellite DNA.
Satellite DNA has the followlng role In DNA
fingerprinting technique.

(I) They do not code for any protelns.
(i) They form large part of the human genome.
(lif) They show high degree of polymorphism and
are speclfic to each Individual.

@ Long AnSwer Type-I Questions \)

QL Explain the mechanism of DNA replication with
the help of a replication fork. What role does the
enzyme DNA-ligase play in a DNA replication fork?

(COSE2019)
Ans. Mechanism of DNA replication:

() DNA replcation occurs in small replication forks.
It does not occur In its entire lenpth In one time as
DNA Is a very large molecule and only that part
of DNA opens up which Is belng replUcated. The
opening of the whole DNA molecule would be an
energetically more expensive process.

(I) The main enzyme Involved in DNA replcation Is
the DNA dependent DNA polymerase. This enzyme
catalyses the polymerisation of deoxynucleatides
along the 5’ — 3" direction. and hence. replcation
ls continuous along the 3'— 5 strand (leading
strand) and discontinuous along the template. Le.
the 5' — 3' direction (lagging strand).

(lil) Okazakl fragments are short DNA segments on
the laggng strand. formed In the 5' — 3" directlon,
starting from RNA primers. A separate RNA
primer ls needed for the synthesls of each Okazakl
fragment These discontinuously syntheslsed
fragments are later |olned by the enzyme DNA
ligase.

L L L o o



Q2.

Ans.

Q3.

(v) Ori stands for Origin of replcation. This site has
the highly conserved sequence of DNA among
various specles. The replication of DNA starts
here because this site attracts some proteins
which help In the opening and unwinding of DNA
and this leads to the initiation of replication.

Role: The function of DNA Ligase is to join the two

nucleotides. During the DNA replication process, It

joins the Okazaki fragments of the daughter DNA
to form the complete DNA molecule on the lagging
strand.

N Replication fork
Okazakl fragments o, /3
of lagging strand N

57 3
”

5
—_—

Overall direction
of replication

5
3_
A typical mammalian cell has 22 metres long DNA
molecule whereas the nucleus in which it is packed
measures about 10-6 m. Explain how such a long
DNA molecule is packed within a tiny nucleus in
the cell
OR

Describe the structure of a nucleosome. (COSE2019)

Packaging of DNA in eukaryotes:

(I) The protelns assoclated with DNA are of two
types—-baslc proteins (histone and protamine)
and acldic Nan-Histone Chramosomal (NHC)

e

() The negatively charged DNA molecule wraps
around the poslitively charged histone protelns to
form a structure called nucleosome.

(i) The nucleosome core s made up of four types
of histone protelns~H2A. H2B. H3 and H4-
occurring In pairs.

(Iv) 200 bp of DNA hellx wrap around the nucleosome
by 14 turns. plugged by H1 histone proteln.

ONA H1hlstone

Histone octamer

el MY,
Corg of histone

moleculas

(i) ADNA segment has a total of 1000 nucleotides,
out of which 240 of them are adenine
containing nucleotides. How many pyrimidine
bases this DNA segment possesses?

(i) Draw a diagrammatic sketch of a portion of
DNA segment to support your answer.

H
9’

Ang. () Wehave A=T A=240 hence T =240
A+ T=240 + 240 = 480
So. G+C=1000-480=520
G=CsoC= 220 260
So. pyrimidines = C + T = 260 + 240 = 500
(I1) Dlagram of a portion of DNA segment:
RPN p_i p_’i' H
: Cé,Cj H . H OHJ
i < 1 Hydrogon
5 bond
) X ;
- | '
i . —G ?—P 3

Students should learn the formula and practice
numericals based on it. Also revise the dlagram of DNA
segment.

H

TiP:

Q4.

Andg.

Q5.

Ans.

Describe Fredarick Griffith's experiment on
Streptococcus pneumoniae. Discuss the conclusion
he arrived at.

OR

Describe the experiment with Streptococcus

pneumoniae that demonstrated the existence of

some “transforming principle”.

Frederick Griffith's Transforming Principle

(i) Frederick Griffith (1928) conducted experiments
with  Streptococcus  pneumonioe  (bacterlum
causing pneumanla).

(Il) He abserved two strains of this bacterlum—one
forming smooth shiny colonles (S-type) with
copsule. while aother forming rough colonles
(R-type) without capsule.

(I) When Uve S-type cells wore Injected Into mice.
they dled due to pneumonla.

(Iv) When lve R-type cells were Injected Into mice.
they survived.

(v) When heat-killed S-type cells were Injected Into
mice. they survived and there were no symptoms
of pneumonla.

(vi) When heat-killed S-type cells were mixed with
Uve R-type cells and Injected Into mice, they died
due to unexpected symptoms of pneumonla and
lUve S-type cells were obtalned from mice.

(vi) He concluded that heat-killed S-type bacterla
caused a ransformation of the R-type bacterla Into
S5-type bacteria but he was not able to understand
the cause of this bacterlal transfarmation.

Describe the experiments that established the

identity of 'transforming principles' of Griffith.

(CBSE2017)

transforming

Experimental Griffith's

principle:

proof for
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(I) Matthew Meselson and FranklUn Stahl In 1958
performed experiments on E. coll to prove that
DNA replcation Is semiconservative.

(i) They grew E.coli in a medium containing “NH,Cl
(in which N Is the heavy Isotope of nitrogen) for
many generations.

(iii) As a result ®°N got incorparated into newly
syntheslsed DNA.

(iv) This heavy DNA can be differentiated from normal
DNA by centrifugation In caesium chloride (CsCl)
denslity gradient

(v) Thenthey transferred the cells into a medium with
normal '“NH{,CL and took the samples at various
definite time Intervals as the cells multiplied.

(vi) The extracted DNAs wrere centrifuped and
measured to get thelr densities.

(vil) The DNA extracted from the culture after one
generation of transfer from the YN medium to
YN medium (Le. after 20 minutes: E. coll divides
every 20 minutes) showed an intermediate hybrid
denslty.

(viil) The DNA extracted from culture after two

generations (Le. after 40 minutes) showed equal
amounts of light DNA and hybrid DNA.

(ix) Similar experiment was performed by Taylor and
colleagues in 1958, on Vicla faba to prove that
the DNA in chromogsome also roplicote gemi-

conservatively.

Gomaratlon | CGonaration Il

TLDHA W
R — —

20 mnm-\ﬂrnln WOHA
Grindtamional facg m "HN-0HA

[RITRN] Wiy "qu:” ey

Hoowy Hhertd Ut Hherid
Q 6. Describe the Initlation procass of transcription In
bacteria. (CDSE2015)

Ans. In bacterla, the transcription of all the three types
of RNA (mRNA. RNA, RNA) Is catalysed by single

DNA-dependent enzyme called the RNA polymerase.
The RNA polymerase has cofactors that catalyse the

process During Initiation, a (slgma) factor recognises
the start signal and promotor regjon on DNA which
then along with RNA polymerase binds to the
promoter to Initlate transcription.

Promater @ = NA helix

3

RNA polymerast Sigma factar

Q7. Describe the elongation process of transcription In
bacteria. (CBSE2018)

Ans. After Initlaton, RNA polymerase loses the a factor
but continues the polymerisation of ribonucleotides

to form RNAC It uses nucleoslde triphosphates as

substrate and polymerises In a template-dependent
fashion. following the rule of complementarity.

il

3™ > ol
p ‘.‘i " @ 3 l&-ﬁyﬂfl\\ |
5 « ARP \-;-_._? 3
Terminator
RNA @D
Q 8. Describe the termination process of transcription

in bacteria. (CBSE2017)

Ans. Once the RNA polymerase reaches the termination
reglon of DNA. the RNA polymerase s separated from
DNA-RNA hybrid. as a result nascent RNA separates.
This process is facilitated by a termination factor P
(rho). In prokaryotes, mRNA does not require any
processing, 50 transcription and translation both
occur In the cytosol

RNA
RNA @ Polymorase
Rho foclor

Q9. Construct and label a transcription unit from
which the RNA segment given below has been
transcribed. Write the complete name of the
enzyme that transcribed this RNA. (COSE2019)

ATGCATGCATGC

| (S 5] 5 [ 1 S

"RNA molecule”

Angs. Here. the RNA strand glven Is having Thymine which
Is not pogsible. Hence. the question I3 wrong,
The solution can be possible by taking U (Uracll)
instead of T (Thymine) In the glven strand.

RNA Polymerase Is the anzyme which ks used durlng
transcription.
Schematlc structure of a transcription unit:

Tranacripton sturl sile
et

Promolar [ TACGTACGT ’]\ CI C]‘ Torminnlor

LLLILLT] —_——
Buuoiund gana [T

: ‘Coding
SFSETERENEN

olyand

ATGCATGCATGC

Q10. How Is hnRNA processed to form mRNA?

Ans. The hnRNA undergoes the following processes to
form mRNA:

(i) Capping:  Addition of
triphosphate at 5'-end.
(i) Tailing: Addition of 200-300 adenylate reslduces
at 3'-end.
(lii) splicing: Removal of Introns and rejolning of

methyl  guanosine

exons.

Q1L (i) Name the molecule ‘X' synthesised by 'i' gene.

How does this molecule get inactivated?

(ii) Which one of the structural genes codes for
-galactosidase?

(iii) When will the transcription of this gene stop?

|
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Ans. (I) The molecule X' ts repressor. It gets inactivated
when lactose (induceri binds with the repressar
molecule.

() z gene codes for p-galactosidase.

(i) Transcription of the gene stops when lactose Is
absent and thus repressor is free to bind with

the operator.
Students must go through the concept of lac operon and
understand the gene coding.

Q 12. Human Genome Project (HGP) was a mega project
launched in the year 1990 with some important
goals.

(i) Enlist any four prime goals of HGP.

(ii) Name any one common non-human animal
model organismwhich has also been sequenced
thereafter. (CBSE 2023)

Ans. (I) The prime goals of HGP ara given below:

(a) Identify all the approximately 20.000-25.000
genes In human DNA

(b) Determine the sequences of the 3 bllllon
chemical bage palrs that make up tha human
DNA.

(c) Creating penome sequence dotaboses to
store the data.

(d) Improve tools for data analysis.

() Coenorhabditis elegons (a free Uving non-
pathogenic nematade).

Q13. (i) Expand VNTR and describe its role in DNA

fingerprinting.
(1) List any two applications of DNA fingerprinting
technique. (CBSE2018)

Ans. (1) VNTR: Varlable Number of Tandem Repeat(s)

Itls used as a probe (because of its high degrae of
polymorphism) in DNA fingerprinting,

(1) The applications of DNA fingerprinting technique
are:
(a) Forensic sclence/criminal investigation
(b) Determine population and genetic diversities
(c) Paternity testing/maternity testing/study of

(ii) Explain how the biochemical characterisation
(nature) of 'Transforming Principle’ was
determined, which was not defined from
Griffith's experiments. (CBSE2018)

Ans. (I) Central Dogma: The princlple was proposed
by Francis Crick This states that the genetic
Information always flows Indirectly from DNA to
mRNA (Transcription) and then from mRNA to
protein (Translation).

Replication

TranscripGon Tronocriplion
CDNA S - MRNA —29% . broteln

Yes. In some viruses flow af Informatlon Is In reverse
direction/reverse transcription. e.g. any Retrovirus /
HIV.

) The blochemlcal characterlsation of
Transforming Princlple, was determinent. In the
following way:

(a) Protein, DNA and RNA were purified from
heat killed S straln / smooth Streptococcus
/ Diplococcus pneumonloe.
(b) Proteln + Protease — transfarmation accurrad
(R cell to & type)
(c) RNA + RNA ase— transformation occurred
(R cell to S type)

(d) DNA + DNA ase— trangformotion Inhibited
Hence. DNA alone is the transforming material
Q2. (i) Explain the observations of Meselson and Stahl
when:

(a) they cultured E.coli in a medium containing
for a few generations and centrifuged the
content.

(b) they transferred one such bacterium to the
normal medium of ?

(ii) What does the above experiment prove?

(iii) Which Is the first genetic material Identified?
Ans. (I) Observations of Meselson and Stahl:

(a) Meselson and Stahl observed that In the
E. coll bacterium. the DNA becomes completely
labelled with N medlum by centrifugation for
few generatlons.

(b) After two generations. density changed and
showed equal amount of light DNA ("'N) and
dark hybrid DNA (N-N).

(I} The glven experiment proved that DNA replicates
semlicanservatively.

evolutionary biology.

'@/ Long Answer Type-Il Questions \J

Q1l. (i) State the'central dogma'as proposed by Francls
Crick. Are there any exceptions to It? Support
your answer with a reason and an example.
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(i) Ribonucleic Acld (RNA) was the first genetic
material identified.
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Q3. Explainthe process of transcription in prokaryotes.

How Is the process different in eukaryotes?

Ans. Process of Transcription In Prokaryotes is as follows:

(i) Initiation: o (sigma) factor recognises the start
signal and promotor reglan on DNA which
then along with RNA polymerase binds to the
promoter to initiate transcription.

(If) Elongatian: The RNA polymerase after Initlation
of RNA transcription loses the o factor but
continues the polymerisation of ribonucleotides
to form RNA

(iii) Termination: Once the RNA polymerase
reaches the termination reglon of DNA, the RNA
polymerase is separated from DNA-RNA hybrid.
as a result. nascent RNA separates. This process
is called termination which is facilitated by a

termination factor p (rho).

9

6
Promolee 80

Sigmp faclor

RNA paiymenoed
Inltiotion
TS

RNA @D
Elongotion

' RNA
R @ pOims g

Tarminolian Rha fuctor

Process of Transcription In Eukoryates is as follows:
(I) The structural genes are monoclstronic In
eukaryates.

(II) The process of transcription Is similar to that In
prokaryotes.

(1) 1t eakes place in the nucleus.

(Iv) Coding gene sequences called exons form the
part of mRNA and non-coding sequence called
Introns are removed during RNA splicing.

(v) In eukaryotes, three types of RNA polymerases
are found In the nucleus:

(2) RNA polymerase | transcribes rRNAs (2865, 185,
and 5.85).

(b) RNA polymerase Il transcribes the precursor
of MRNA (called heterogeneous nuclear RNA or
hnRNA).

(c) RNA polymerase Il transcribes tRNA, 55 rRNA
and snRNAs (small nuclear RNASs).

Q4. Glven belowIs a stretch of DNA showing the coding
strand of a structural gene of a transcription unit:

5'—ATG ACC GTATTT TCT GTA GTG CCC GTA CTT
CAG GCATAA-3’

(i) Write the corresponding template strand and
the mRNA strand that will be transcribed, along
with its polarity.

(ii) If GUA of the transcribed mRNA is an intron,
depict the sequence involved in the formation
of mRNA/the mature processed hnRNA strand.
(a) In a bacterium
(b) In humans

(iii) Upon translation, how many amino acids will
the resulting polypeptide have? Justify.

(CBSE SQP 2023-24)
Ans. 5'—ATG ACCGTATTT TCT GTA GTG CCC GTA CTT CAG
GCA TAA--3' = Coding
(I) 3'=TAC TGG CAT AAA AGA CAT CAC GGG CAT
GAA GTC CGT ATT — &’ = Template
5'-AUG ACC GUA UUU UCU GUA GUG CCC GUA
CUU CAG GCA UAA-3
(i) (a) In a bacterium
5'-AUG ACC GUA UUU UCU GUA GUG CCC GUA
CUU CAG GCA UAA-Z
(b) In humans
5'-"GpppAUG ACC UUU UCU GUG CCC CUU CAG
GCA UAA- Poly A tall--3
(i) There are 9 amino aclds in the resulting
polypeptide because UAA Is stap or terminator
codon and does not code for any amino acld.

ERRQDR -

Students aften make mistakes In pairing nitrogenous
bases while writing the template strand.

Q5. Protein synthesis requires the services of all three
types of RNAs, namely tRNA, mRNA and RNA.
Explain the role of each of them during the process
of protein synthesis in prokaryotes.  (CBSE2023)

Ans. The role of all the three types of RNAs during the

process of proteln synthesls In prokaryotes are as

follows:
(I) mRNA: Messenger RNA, helps In making proteln
l.e. codes for amino aclds, obtalned from DNA.

(I) tRNA: Transfer RNA, helps In transporting amino
acld molecules that form the polypeptide chaln
In proteln synthesls. It has anticodons that help
read and deposlt the amino aclds at the right
place.

(i) rRNA: RIbosomal RNA. form the small and large
subunits of ribosomes that help in running
through the mRNA sequence and pogsess
different sites and enzymes for completing the
polypeptide synthesls.

Q 6. (i) Describe the structure and function of a tRNA
molecule. Why is it referred to as an adapter
molecule?

(i) Explain the process of splicing of hnRNA in a
cukaryotic call. (CBSE 2016)

Ans. (I) tRNA (transfer RNA) reads the genetic code on one
hand and transfers amino aclds on the other hand.
so Itls called as adapter molecule by Francls Crick
itTs also called as soluble RNA (SRNA).
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Structure of (RNA:

@_~ Amino acld

acceptor end

D loop T loop

Varlable arm

Amimdan——gﬁ)
loo
P U T A— Anticodon

A G U—= Codon

(| mANA

The secondary structure of tRNA is clover leaf like
but the 3-D structure is inverted L-shaped. tRNA has
five arms or loops:

(a) Anticodon loop: It has bases complementary
to the code.

(b) Amino acld acceptor end: It Is the end to
which amino acld binds.

(c) T-loop: It helps in binding to ribosome.

(d) D-loop: It helps In binding amino acyl
gynthetase.

(e) Variable loop: It has function known.

(Il Inaeukaryotic cell the primary transcrlpt formed
are non-functional. contalning the coding reglon.
exon and non-coding reglon, Intron In RNA and
are called heterogeneous RNA or hnRNA. hnRNA
undergoes a process where the introns are
removed and exons are [oined to form mMRNA
(functional) by the process called splicing.

Q7. (i) Explain the process of aminoacylation of tRNA
and Its role In the process of translation.

(ii) How does initiation of the translation process
occur In prokaryotes? Explain.

(iii) Where are the untranslated reglons located on
mRNA and why? (CBSE2023)

Ans. () Aminoacylation Is the process by which amino
aclds become activated by binding with its
aminoacyl tRNA synthetase In the presence of
ATP. If two charged (RNAs come close during
translatlon process, the formatlon of peptide
bond between them In energetically favourable.

() In bacteria, translation Initlation occurs
co-transcriptionally with the RNA polymerase
(RNAP) and the ribasome physically Interacting
with each other. The rlbosome binds to the
ribosome binding site of the m RNA as soon as It
emerges from tha RNAPR.

(I mRNA has some additional sequences that are
not translated and are referred as untranslated
reglons (UTRs). The UTRs are present at both the
ends, le. 5'-end (before the start codon) and the
3'-end (after the stop codon). They are required
for an efficlent translation process.

Q6. (i) How and why Is charging of tRNA essantlal in
the process of translation?

(ii) State the function of ribosome as a catalyst in
bacteria during the process of translation.

(iii) Explain the process of binding of ribosomal
units to mRNA during proteln synthesis.

(COSE2023)

Ans. (I) The amino adds are activated In the presence of
ATP and linked to their cognate tRNA. This process
Is called charging of tRNA or aminoacylation of
[RNA. When two such charged tRNAs are brought
close enough. the formation of peptide bond
between the corresponding amino aclds would
be favoured enerpetically. The presence of a
catalyst would enhance the rate of peptide bond
formation.

() The ribosome Is unlversally responsible for
synthesizing proteins by translating the genetic
code trangcribed in mRNA Into an amlino acid
sequence. Ribosomes use cellular accessary
protelns, soluble transfer RNAs, and metabolic
enerpy to accomplish the initiation. elongation
and termination of peptide synthesis.

() Durlng translation, ribosomal subunits assemble
together like a sandwich on the strand of mRNA.
where they proceed to attract tRNA molecules
tethered to amino acids. A long chaln of amino
acids emerges as the rlbosome decodes the
mRNA sequence into a polypeptide or a new
proteln,

Q9. (I) Explain the expression of (ac operon genes in
E. coli growing in lactose containing culture
medium,

(i) Name the types of cells and the process by
which hnRNA Is formed. Describe the processing
mechanism it undergoes before it becomes
functional. (CBSE 2020)

Ang. () The laoc operon Is an operon required for the
transport and metabollsm of lactase In E.coll The
mechanlsm lg as follows:

(a) When lactose Is added to the growth medium,
the [ac genes are expressed because allolactose
binds to the loc repressor proteln and keeps It
from binding to the (ac operator. Allolactose Is
an lsomer of loctose.

(b) Small amounts of allolactose are formed when
lactose enters Into E. coll Allolactose binds to the
ropressor proteln and causes the conformational
change. Ag a result of this. the repressor can no
longer bind to the operator reglon and falls off.

(c) RNA palymerase can then binds to the promoter
and transcribe the (ac genes.

(d) After some time. when the level of lactose
decreases as It Is completely metabollsed by
enzymes, it causes synthesis of the reprossor
from the regulator gene.

(e) This repressor binds to the operator gene and
prevents RNA polymerase from transcriblng the
operon and the transcription Is stopped. This type
of regulation Is knawn as negative regulation.

() hnRNA Is formed In eukaryotic cells. During
transcription.

Praocessing Mechanism: Primary transcript
contalns both exon and Intron. Intron s non-
functional and It Is subjected to splicing. Where
introns are removed. exons are joined in a
defined order. hnRNA undergoes capping with
nucleotide (methyl guanosine triphosphate)
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Q 10.

Ana.

Q1L

Ans.

being added to the 5-end of hnRNA. In tailing,
adenylate residues (200-300) are added at
3'-end in a template independent manner.

Write the different components of a lac operon
in E.coli. Explain its expression while in an ‘open’
state. (CBSE2017)
The concept of operon was first proposed In 1961. by
Jacob and Manod.

Components of lac operon:

(i) Structural gene: It is the fragment of DNA which
transcribe mRNA for polypeptide synthesis.

(f) Promoter: It Is the sequence of DNA whera RNA
polymerase binds and Initiates transcription.
(1) Operator: The sequence of DNA adjacent to

promoter Is called operatar.

(iv) Regulator gene: It is the gene that codes for
repressor protein which binds to operator due to
which operon Is switched 'OFF"

(v) Inducer: Lactose Is Inducer which helps In
switching 'ON' of operon. (oc operon conslsts
of three structural genes (z. . a). operator (o).
promoter (p). regulatory gene (I).

(vi) Expression in open state: Lactose/Inducer
binds to the repressor proteln. makes it Inactive
so It cannot bind with operataor, allows RNA
polymerase access to the promotor  and
transcription proceeds. Thus, p-galactosidase.
permease, transacetylase are formed by
translation process for lactose metabolism.

Name and describe the steps involved in the

technique widely used in forensics that serves as

the basis of paternity testing In case of disputes.
(CBSE 2023)

The technique widely used In farensics that serves

as the bagls of paternity testing In case of disputes

is DNA profiling or DNA fingerprinting, The steps
invalved In this technlque are as follows:

(I) Sample collection: The first step In DNA profiling
fs to collect a blological sample from the
individuals Involvad In the patarnity dispute. Thig
can Include blood. sallva, halr or other tissue
samples.

(I) DNA extraction: The ONA Is then extracted from
the blological sample using varlous methods
such as phenol-chloroform extraction or
commerclal DNA extraction kits.

(lll) Polymerase Chaln Reaction (PCR): The next step
is to amplify the DNA using the Polymerase
Chaln Reactlon (PCR) technique. Specific reglans
of the DNA, such as Short Tandem Repeats
(STRs), are targeted for amplification.

(iv) Gel electrophoresis: The PCR products are then

separated using gel electrophoresls, which
separates DNA fragments based on their size.
The resulting DNA fragments are visualized on
the gel using a stain or fluorescent dye.

(v) DNA analysis: The DNA fragments are then
analyzed to determine the unique genetic profile
of each individual The number and size of the
amplified fragments at specific loci are compared
between the individuals involved in the dispute.
A match in the genetic profile between the child
and the alleged father provides evidence of
paternity, while a mismatch indicates exclusion.
Overall. DNA profiling Is a highly accurate and
rellable technique for determining paternity
and Is widely used in farensic Investigatians and
legal disputes.

Q12. Which methodology is used while sequencing the

total DNA from a cell? Explain it in detail.
(CBSE 2015, 17, 18)

Ans. Methodology of HGP is used while sequencing the

total DNA from a cell

(1) The methad Invalves two major approaches:

(o) Expressed Sequence Tags (ESTs): This
method focuses on Identifying all the genes
that are expressed as RNA.

(b) Sequence Annotation: It is an approach of
simply sequencing the whole set of genome
that contains all the coding and non-cading
sequences. and later asslgning differont
regiong In the sequence with functions.

(Il) For sequencing, the total DNA from cell Is first
isolated and broken down In relotively small
slzes as fragments.

(Il These DNA frapments are cloned In sultable
host using sultable vectors. When bactarla
ls used as wvector, they are called Bocterlnl
Artificlal Chromosomes (BAC) and when yeast
Is used as vector, they are called Yeast Artlficlal
Chromosomes (YAC).

(lv) Frederick Sanger developed a principle according
to which the fragments of DNA are sequanced
by automated DNA sequences.

(v) On the basls of overlapplng reglons on DNA
fragments, these sequences are orranged

accordlngly.

........

computer-based programmes ware developed.
(vil) Finally, the genetic and physical maps of
the penome were constructed by collecting
Information about certaln repetitive  DNA

sequences and DNA polymorphism, based an
@ngonuc[enae recognition sltes.

& Chapter Test

Multiple Choice Questions
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QL

A nucleoside differs from a nucleotide. It lacks
the:
a. base

c. phosphate group

b. sugar
d. hydroxyl group

Q2. Inone polltical strand of a DNA molecule, the ratio

of A+ T/G+ Cis 0.3, What Is the A+ G/T + Cratlo of
the entire DNA molecule?

a. 03 b. 0.6

c 1.2 d 1
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Q3.

Pyrimidines are:
a. monoacyclic
c tetracyclic

b. digyclic
d. tricyclic

Assertion and Reason Type Questions

Directions (Q.Nos. 4-5): Each of the following questions
consists of two statements, one Is Assertion (A) and the other
Is Reason (R). Select the correct answer to these questlons
from the codes a, b, c and d as given below.

Q4.

Q5.

a. Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.

b. Both Assertion and Reason are true but Reasan Is
not the correct explanation of Assertion.

c Assertlon Is true but Reason Is falge.

d. Both Agsertlon and Reason are false.

Assertlon (A) : If the sequence of bases of one DNA

strand is known then the sequence of other strand

can be predicted.

Reason (R) : Both the strands of DNA are

complementary to each other.

Assertlon (A) : The genetic code is degenerate.

Reason (R) : Far a particular amino acld, more than

one codon can be used.

Case Based Questions

Case Study 1

Q6.

0]

(1)

(iii)

(iv)

RNA or ribonucleic acld is a single chain
polyribonucleotide which functions as carrier of
coded genetic or hereditary information from DNA
to cytoplasm for taking partin proteln and enzyme
synthesis. Six types of RNAs are ribosomal, transfer,
messenger, genomic, small nuclear and small
cytoplasmic RNA. Out of these, rRNA, mRNA and
RNA are major classes of RNAs that are Involved In
gene expression,

Which one is referred to a soluble RNA?
a. MRNA b. tRANA
c. ANA d. hnRNA

The RNA that plcks up specific amino acld from

amino acld pool in the cytoplasm In ribosome

during proteln synthesls Is:

a. rANA b. hnRNA

C. MRNA d. (RNA

Which of the following Is found in both DNA and

messenger RNA?

a. Double hellx structure

b. Ribose

C Sugar-phosphate chaln

d. Thymine

Which of the following statements regarding RNA

is correct?

a. Messenger RNA carries coded Information for
synthesls of polypeptide.

b. Ribasomal RNA binds with tRNA to catalyse the
formation of phosphodiester bonds.

c Genomic RNA is alvsays single-stranded.

d. Synthesls of MANA occurs In cytoplasm by RNA
polymerase lIl.

Case Study 2

Q7

0]
(i)

(iil)
(v)

The Meselson and Stahl experiment was an
experiment to prove that DNA replication
was semliconservative and it was first shown
in Escherichia coli and subsequently in higher
organism, such as plants and human cells.
Semiconservative replication means that when the
double-stranded DNA hellx was replicated, each of
the two double-stranded helices consisted of one
strand coming from the parental helix and one is
newly synthesised.

Read the given passage carefully and give the
answer of the following questions:

Who is Meselson and Stahl?

Name the heavy isotope used by Meselson and
Stahl for proving the semiconservative mode of
DNA.

Heavy DNA can be differentiated from normal DNA
by which centrifugation technique?

Name the radioisotope used by Taylor in his
experiment.

Very Short Answer Type Questions

Qa.

Q9.
Q10.

What concluslon was drawn from the blender
experiment performed by Hershey and Chase?

Differentiate between DNA and DNase.
How is repetitive/satellite DNA separated from bulk
genomic DNA for various genetic experiments?

Short Answer Type Questions

Q1.
Ql2.

How is the length of DNA usually calculated?
Why hnRNA is requirad to undergo splicing?

Long Answer Type-l Question

Q3.

The base sequence in one of the strands of DNA Is
TAGCATGAT.

(i) Give the base sequence of the complementary
strand.

(il) How are these base pairs held together In a
DNA molecule?
(iil) Explain the base complemantarity rule. Give

the name of the sclentist who framed this rule.

Long Answer Type-I| Question

Q.

() Explain the role of DNA dependent RNA
polymerase in initlation, elongation and
termination during transcription in bacterlal
cell.

(ii) How Is transcription a more complex process in
eukaryotic cells? Explain
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