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Introduction

“Factors/Genes” were first detected and analyzed by Mendel and
subsequently many other scientists, by following their patterns of
transmission from generation to generation. These studies. while
greatly elucidating the nature of inheritance in living organisms.
provided no insight into the structure or molecular composition of
“factors”. In 1926, the quest to detérminie the mechanism for genetic
inheritance reached the moleeular level and the nature of the
putative genetic material was investigated culminating in the
realisation that DNA-deoxytibonucleic acid is the genetic material at
least for the majority of organisms. This is the substance which
controls the inheritahde«of traits from one generation to the next and
it is also able to €xpress its effect through the formation and
functioning of traits.™
Nucleic acid i o types in all living systems te., deoxyribonucleic
acid (DNA) ribonucleic acid (RNA). DNA is geneti? material. in z?ll
organi cept some viruses. RNA is genetic matenal.m
ribovifuses. In others, RNA functions as a messenger carrying
ot nformation, an adapter for picking up amino acids,

e
g&' ral and catalytic molecule in some Cases.

(b'fhis chapter, we are going to discuss the structure of DNA, its

ription),
replication, ‘the process of making RNA from DNA (transcriptior

3 etermines the sequence of amino acids in proteins.
ﬁi:ﬁ(;.::seotfh;t (:éin synthesis (translation) and elementary basis of

of human genome sequencing and its

substance
gischer in
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perivation of DNA Structure

Few examples are given below No. of nucleotides or bp
Tk Two lines of investigations helped in derivation of DNA structure /6.,
ases
s o Gror (a) X-ray Crystallography and
174 beckopan! dsDNA, Linear 48502bp (b) Chargaff's rule
Lambda (+) phage )
4.6 x 105bp i i
S P ) (2) Xeray Crystallography : Maurice Wilkins and Rosalind Frankiin obiained very fine X-ray diffaction
oA Lneor 33x10°bp pictures of DNA. It was suggested that structure of DNA was sort of helix with 3.4 A period licity. But

jenome
Human ge they had not proposed a definitive model for DNA

Structure of Polynucleotide Chain _ (b)  Erwin Chargaff's Rules : Chargaffs along with his colleagues, performed base composition studies and
The basic unit of DNA is a nudleotide which has three components — nitrogenous base, a pentose sugar put forward certain generalisations for double-stranded DNA, called as Chargaif's ule (Not appiicabie for
(deoxyribose) and a phosphate group. There are two types of nitrogenous bases e for dout -

I0) Trir:;s(; Hetem?éc)nc 9-membered double-ring structure with N at position 1, 3, 7 and 9, e.g., Adenine () Purines and pyrim PR
and Guanine
(i) (PerImldim;l  Heterocyclic, 6-membered single-ring structure with N at 1 and 3 position, e.g., Cytosine (i) Purines found A aréigdenine and guanine, Pyrimidines of DNA are thymine and cytosine.
(C), Thymine and Uracil. Cytosine is common in both DNA and RNA; thymine is present in DNA ang A+G=TH
uracil s present in RNA at the place of thymine. e
A polynucleotide chain shows following types of linkage or bond in its components (iii) Tr value is constant for all species, |
(i) N-glycosidic linkage : A nitrogenous base is linked to the pentose sugar through a N-glycosidic linkage ‘
o form a nucleoside. Purine nucleosides have 1 — 9 glycosidic linkage (carbon 1 of sugar and 9 position Moot 1 speciiclor a epecies e ok 6 ooty i e RS e
of A/G). Pyrimidine nucleosides have 1'— 1 linkage ie., sugar carbon 1’ and 1 position of T/C), C+G ' . |
(i) Phosphoester linkage : When a phosphate group is linked to 5’ — OH of a nucleoside through ryotes, e.g., E. coli = 0.92 and more than one in eukaryoles, .., Humans = 1.52.
phosphoester linkage a corresponding nucieotide is formed. Two nucleotides are linked through ¥— 5 ) 8ugar deoxyribose and phosphate residues ocour in equal number.

linkage to fom.a ) Purine adenine is equimolar with pyrimidine thymine.
A polymer thus formed has a free phosphate moiety at 5'end of sugar, which is referred as 5end ; . g gt | i
polynucieatide chain. Similarly, at the other end of the polymer the sugar has a free 3-OH group which is Pirine quaiE s squinolar With pyrimidine, cyfosine,
referred 0 3 3-end of polynuceolide chain. The backbone in a polynucleolide chain s formed due o s Watson and Francis Crick on the basis of previous informations proposed a very simple but famous
and phosphates. The nitrogenous base linked to sugar moiety projects from the backbone, ot
' phosphate. iy e
W e
o SRS i

A

A Polynucleotide chain

Types of Nucleosides in DNA | Types of
() Deoxyadenosine (A + S) + P= dAMP (
(i) Deoxyguanasine (G + ) + P=dGMP (d
(ii) Deoxycytidine (C + ) + P=dCMP (d
(iv) Deoxythymidine (T + S) + P=dTMP

Types of Nucleosides in RNA

(i) Adenosine (A+S)
(i) Guanosine (G +8)
(iii) Cytidine (C +)
(iv) Uridine (U +§)
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é Knowledge Cloud

Molecular Basis of Inheritance IHBZL

(i) Types of DNA and their comparison.

DNA [ Base pairs | Rotation Vertical Helical
types | per tum (n) rise per bp | diameter bp (h)
A 1 Righthanded | 256 A 23A
B 10 Right handed 34A 20A
c 9.33 Right handed 33A 19A
z 12 A Lel 38A 184A
.

] mmmumumﬁ
& Each tum of double hel
that

d Dm in eukaryotes and PPLO (Monerans)
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Jar Biology About 200 bp of DNA is wrapped over nu-body to complete about 1% turs. This forms nucleosome of size
Central Dogma of Molecula ol fow of formaton on 0 working copy RNA angd 110 x 60A. DNA present between two adjacent nucleosome is called linker DNA with about 80 bp. The
1t explains one way Of unidirectona’ = olecule polypeptide. Central dogma of molecular biology
trait expressing molecu! L &Y
RNA to building molecuie of

sucleosome constitute repeating unit of a struclure in nucleus called chromatin. The nucieosomes in
Chromatin gives a ‘beads on string’ appearance under eleciron microscope. The nucieosomes further coils
proposed by Francis Crick o form solenoid/chromatin fibre. It has diameter of 30 nm. Chromatin fibres are further coiled and condensed
at metaphase stage of cel division to form chromosomes. The packaging of chromalin at higher level requires
additional set of proteins that collectively are referred as Non-hist (NHC) proteins.

| P

1 [ Ona B0SSEin , mRNA ST Pro

P

Chromatin is differentiated into two regions, on the basis of staining behaviour in a typical nucleus
< — 1. Heterochromatin 2. Euchromatin
il @) Itis darkly stained region () Lightly stained region
Reverse Central Dogma or Teminism (i) Chromatin is densely packed (i) Loosely packed chromatin
An exception to this one way flow of information was reported in 1970 by H. Temin and D. Baltimore. They (i) Transcriptionally tis inactive (i) Transcriptionally it is active
independently discovered reverse transcription in Some Viruses These viruses produce an enzyme reverse | b
transcriptase which can

& DNA over RNA template. This discovery was important in understanding
cancer and. hence, thet

be shown as follows

1400 nm
([ DNA s RNA -2, protein S
vorse Fansoroto S E
Vg ég
o
Reverse flow of information "Q
Packaging of DNA Helix ==
The distance between two consecutive base pairs is 0.34 nm (0.34 x 10°Y m) then length of DNA for & human -
diploid cell is 6.6 x 10° bp x 0.34 x 10 m = 2.2 metres. This length is far greater than the dimension of a }
typical nucleus which is approximately 10~
Similarly, the number of base pairs in £. coli

i

6 x 10° 50 the total length comes out to be 1.36 mm which

is placed in a cell having size 1 um. So, the long sized DNA can be accommodated in small area only through

packaging or compaction

o

DNA Packaging in Prokaryotes

In prokaryotes, DNA is not scattered throughout the cell although they do not have a d
is found in cytoplasm in super coiled stage. The coils are maintained by non-histone
which have positive charge. The packaged structure of DNA is called nucleoid or g

DNA Packaging in Eukaryotes

Solenoid s Super - Chiomatij—+Chiomosame
Sonm  soenod  7000m 1400nm
3000m

Fig.:

, to generate an eukaryotic chromosome.
In eukaryotes, this organisation is much more complex and is carried out by a set of
proteins called histones. Histones are rich in the basic amino acids residues;

charged side chains. There are five types of histone proteins ie., H,, HA,
ocour in pairs to produce histone octamer or nu-body (two copi

of
charged DNA is wrapped around the positively charged histone @
nucleosome

DNA  H1 histone

@ =

Core of histone molecules. =
Fig. : Nucleosome
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g cop 1t 200 bp of DNA is wrapped over
copy RNA ut 200 bp ody to complete about 1% tums. This for
of molecular o oy 110 x 60A. DNA present between two adjacent nucleosome 1 ca iy 2l
*0l0gY way nucleosome constitute

icroscope. The nucleosomes further coils
30 nm. Chromatin fibres are
at metaphase stage of cell division to form chromosor

mes. The packaging of chromatin at higher level requires
additonal set of proteins that collectively are referred as Non-histone chromosomal (NHC) proteins.
Chromatin is differentiated into two regions, on the basis of staining behaviour in a typical nuceus

1 Heterochromatin 2. Euchromatin

Reverse Central Dogma or Teminism

(i) Itis darkly stained region
An exception 1o this one way fiow

() Lightly stained region

vormation was reparted in 1970 by H. Temin and D. Baltimore. Tre,
es. These viruses produce an enzyme revergy

te. This discovery was Impotant in understaning
odified flow of information now cay

Chromatin is densely packed

(i) Loosely packed chromatin

(i) Transcriptionally it is inactive

(i) Transcriptionally it is active

Reverse fiow of information

Packaging of DNA Helix

The distance between two consecutive base pairs is 0.34 nm (0.34 x 10 m) then length of DNA for a human
diploid cell is 6.6 x 1 2.2 metres. This length is far greater than the dimension of a

i

-

typical nucleus which is approximately 10-¢ m
Simitarly, the number of base pairs in £ coli is 4.6 x 10° so the total length comes out to be 1.36 mm
is piaced in a cell having size 1 um. So, the long sized DNA can be accommodated in small area only
packaging or compaction

DNA Packaging in Prokaryotes

dﬁmm

L

In prokaryotes. DNA is not scattered throughout the cell although they do not have a
is found in cytopiasm in super coiled stage. The cois are maintained by non-histone basic:
which have positive charge. The packaged structure of DNA is called nucleoid or g
DNA Packaging in Eukaryotes
In eukaryotes, this organisation is much more complex and is carried out by a s
proteins called histones. Histones are rich in the basic amino acids resid
charged side chains. There are five types of histone proteins ie., H,, H.A

ocour in pairs to produce histone octamer or nu-body (two copies of each H,A
charged DNA is wrapped around the positively charged histone
nucleosome.

(Crvomatd -+ Cheomosome
Tomm 100

1o generate an eukaryotic chromosome:
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Example 1

-
B : If a DNA molecule has 2000 bp then calculate the, \

Solution :

Molecular Basis of Inneritance {47411

(a) Number of sugar and phosphate molecules

(b) Number of N-glycosidic linkage
= 4000

(a) Total number of nucleotides 1) Phosphoest
U] phoester bond (2) Glycosidic bond

Nucleotide —> Nitrogen base + Sugar + Phosphate
N 3) Ph i
Ths, total no. of sugar = 4000, and phosphate = 4000 () Phosphodiester bond o s

(b) N-glycosidic linkage occurs in between nitrogen base and sugar.

1. Which of the following bond is not associated with a deoxyribonucleotide?

2. RNA possess additional roup at _ __ position in the sugar than the DNA

_ g

Total no. = 4000 S 77& () OH & @ Hz

(3) OH, 2 4 HS5

S— T
Example 2 : DNA was extracted from Streptococcus bacterium. The proportion of Adenine was found to pg| | 3. Halimark
26%, then calculate the amount of cytosine. e | | falimark of the Watson and Crick three dimensional DNA model was based upon the findings of
Solution :  According to Chargaff rule (1) Wilkins and Frankli (2) Erwin Chargaff
Equimolar concentration of A= T and G = C (3) Hershey and C (4) Meselson and Stahl
A=T > 28 + 28 = 56% | 4. Which of the followingDNA%erm has maximum number of base pairs per turn?
Thus G = C amount is 44% with 22% G and 22%C (1) ADNA PR
C=22% )
@ c (4) ZDNA
o — ) . Whichjof theffollowing is a part of
Example 3 : If the sequence of one strand of DNA is written as follows : 9 9 16:& part Lot
5-TGCAGCTAGCTAGCATCG-% (1) H‘s e octamer (2) DNA + Core of nucleosome
Write down the sequence of complementary strand in & — 3 direction. 11 protein @ 12 tum of DNA + Ht protein
Solution : 5. 3 &
TGCAGCTAGCTAGCATCG Cheose the correct steps in the organisation of eukaryotic chromosome
yACGTCGATCGATCGTAGC @ S ol i
3’ Solenoid — Nucleosome — Chromatid
In 53 direction; CGATGCTAGCTAGCTGCA £
(3) DNA — Solenoid — Nucleosome
- .
Example 4 :  Enumerate the number of beaded structures (nucleosomes) ) SRR SO0k, PSS

Solution :

eukaryotic cell which possess 2.4 x 10° bp.
One nucleosome has 200 bp,
24x10°
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§ S . Evidence f i
- g %‘wsmm P O'mhemm ] 2. m\;lleﬁ:f:; "r\zr?r::f::;i::]sm ::‘z B:A‘c;:c:haaa The unequivocal Proof that DNA is the genetic
o e : ' o lershey and Martha Chase (1952
::,, mzm:lx::rybm:a‘ e O s 5. ot mterl o0k o 0 be iscovgay o mw“’:'; ’ (T, bacteriophage) that infects bacterium Escherichia coli an, (1952). They worked with virus
aimost at the saf : :
|

he experiments given below prove that DNA is the genetic materia
1.

il s determine whether DNA or protein
ki conducted by Frederick Grifith in 1928, L contains information for the production of new virus Particles.

Pl:.”::q‘;bhshing he nature of genstic material, He peﬂorrr‘\:ed Sries of experimeny, The functions of DNA and proteins could be found out by labelling them with radioactive tracers. DNA
great _ewdem::(mms of bacterium (also called ) Namely, S contains phosphorus but not sulphur. Therefore, phage DNA was labelled with p32 by growing bacteria
::guf two infected with phages in culture medium containing *2PO,. Similarly, protein of phage contains sulphur

-l strain/smooth or capsulated type have a mucous (Polysaccharide) coat and produce smg, but no phosphorus. Thus, the phage protein coat was labelled with $% by growing bacteria infected with
& st-nny colonies in culture plate. These are virulent and cause pneumonia.

Phages in another culture medium containing %80, After labelling, three steps were followed! ie.
: infection, blending and centrifugation.
(i) Rl striniough or non-capsulated type have no mucous coat and produce rough colonies, These 9 8
are non-virulent and do not cause pneumonia. () Infection : Both types of Iabelied pha

The experiment can be described in following four steps separate experimen

ges were allowed to infect normally cultured bacteria in

(@) S strain - Injected into mice

N (ii) Blending : The {12l Cells were agitated in a blender to break the contact between virus and
(b) Rstrain s Injected into mice i Mice live ria, . : ; i
(© S strain (heat-killed) 5> Injected into mice g Mice live (iii) Contrlfu : The virus particles were separated from the bacteria by spinning them in a
(d)  S-strain (heat-killed) + R-strain (live) — Injected into mice - C - i il oresentiof ke DUOA SO0 e
Grifith was able to kil bacteria by heating them. He observed that heatkilled S-strain bacteria i

into mice did not kifl them. When he injected a mixture of heat-killed S and live
died. Moreover, he recovered living S-bacteria from the dead mice.

He concluded that the R-strain bacteria had somehow been transformed by the
bacteria. This occurred perhaps due to absorption of some transforming principle or
type bacteria from heat-killed smooth bacteria. It had enabled the R-strain to
polysaccharide coat and become virulent. This must be due to the transfer of
However, the biochemical nature of genetic material was not defined from his expy

Bi i h of T g Principle: Oswald

McCarty (1944) repeated the experiment in-vitro to identify the bioche
substance. They proved that this substance is DNA. Prior o their work th
10 be protein

labelled with S appeared outside the bacterial cells i.e., in the medium. Labelled
found in the next generation of phage. Bacteria that were infected with viruses that had

proteins were not radioactive. This indicated that proteins did not enter the bacteria from the
. DNA is therefore the genetic material that is passed from virus to bacteria.

~ [@ —— Bacteriophage

They purified biochemical !©.. proteins, DNA and RNA from
could transform live R-cells into S-celis. They d th
bacteria to become transformed.
They also discovered that i

RNase did not affect transformation, so the-

LD

with DNase did inhibit
lhleNAismeMmymht
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Molecular Basis of Inheritance |75/ : |
- M (ii) Thus, the DNA that was extracted from the culture after 1 '

generation i.e., just after 20 minutes
i (ONA versus RNA) had a hybrid or intermediale density. DNA extracted from the

p culure after another generation i6..
it cen profeins versus DNA & the genetic materal was unequivocall regy, 2 generation or 40 minules was composed of equal amourts of this hyera oy (gN..Nw) and of
B L o e Foweve, il sbsequanly become cear L n some viuses RNA s light DNA (N'*N'). Increase in the amount of ight DN we
men :
from Hershey-Chase expei

decrease in hybrid DNA amount can
e e QB bacleriophage, otc be possible due to semiconservative mode of replication

co Mosai
ganalcimatedalo g, Toac ) must fulfll the following criteria

A molecule that can act as genetic material

Generation |

Generation
() It should chemically and structurally be stable ) N-ONA mons e
(i) It should be able to generate its replica (replication). » N-DNA | it
required for evolution. R 3
(ii) 1t should provide the scope for slow mutation that are req proer: — NAVANS e
() It should be able to express itself in the form of Mendelian characters. RN :

Gravitational Force g
Gravitational Force o,

th different stages of life cycle, age or vy

I should be stable enough not to change wi

Z::éi".ﬁ”,fﬁiﬁéﬁy ot organism. DNA being more stable is preferred as genetic material, as

(a) Free 2'0H of RNA makes it more labile and easily degradable. Therefore DNA in comparison is more
stable : :

(b) Presence of thymine (5-Methyl uracil) at the place of uracil also confers additional stability to DNA.

(c) RNA being unstable, mutates at a faster rale. Consequently, viruses having RNA genome can directy
code for the synthesis of proteins, hence can easily express the characters.

‘N-DNA

(8) Taylor et. al. hay

thymidine (*H-
RNA WORLD

RNA was the first genetic material. There are evidences to suggest that essential processes, -um as
metabolism, translation, splicing etc. evolved around RNA. RNA used to act as a genetic material as
as a catalyst. There are some important biochemical reactions in living systems that. ly by R
catalyst (ribozyme) and not by protein enzymes e.g., Ribonuclease P (Cleavage), Snurps ng
transferase (peptide bond formation). But, RNA being a catalyst was reactive and hence

DNA has evolved ffrom RNA with chemical modifications that make it more stable. DNA be

and having complementary strand further resists changes by evolving a process of re

structural molecule and in some cases catalytic. From above discussion it is very

and DNA can function as genetic material, but DNA being stable is prefarred for

hir i i is referred to as
g ¢ i uires a set of enzymes. The main enzyme is
For the transmission of genetic information RNA is better materi g ; frelcation n O’ﬁﬁ: i ity 06 par emcond.
el ses have {0 be fast, but they aiso have 1o calalyse the reaction with high degree
REPLICATION : at g replication wouid result . Tha v e ook
s o A i mi seplcation DNA replication completes in following steps : :
Watson and Crick had immediately proposed a scheme for DNA replication ; . hich is call
structure of DNA. The scheme suggested that the two strands separ 2

artic region of DNA. 1
Synihesis of new complementary sirands. After the completion of replice
one parental and one newly synthesised strand. This scheme wag

replication
The Experimental Proof
The following experiment suggests that DNA replication is

() Matthew Meselson and Franklin Stahl (1958)
(N in E. coll

@

They grew E. coli in a medil col
generations. "*N is the heavy is
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476 Molecular Basis of loped on the end of DNA _ . —_—
ets develope OPpostg | | " the blanks : —
proteins (SSBP). Due to unwinding, adSbup:yr\ijlr‘v‘vlgtgpoisomerase In prokaryotes, DNA gyras.“f“lQ | E’,ﬁ*" .
replicating fork. This tension is released by N | (a) Viruses grown in the presence of radioactive phosphorus contained radioactive but
topoisomerase activity. not radioactive
5 3 ;
(b) RNA is labile and easily degradable due to the Ppresence of group in sugar.
Template DNA . (a) DNA, protein
(parerﬁal strands) soution = (@
(b) 20H
—_ |
B le 6 : If hybrid DNA is allowed to replicate for one generation in medium containing N* and for second
Continuous 6: Ifhyl ing
synthesis M D'?‘;T;’e";i”s Bxample 6 & eration in medium containing N'® ther, wef &t proportion of light, heavy and hybrid DNA |
\ # obtained respectively? |
y Newly \ . Ll e
3/ synthesised y 5. S
" 5 strands
Fig. : Watson-Crick model for ) i 5
semiconservative DNA replication Fig. : Replicating Fork o —:ﬂ
(iv) Formation of primer strand : A new strand is now to be synthesised opposite to the parental strands, 3 Nipmggenttason | N 2” goneraten, ———
DNA polymerase Il is the true replicase in £. coli, which is incapable of initiating DNA synthesis, is | Solution G, T e e
It s unable to deposit the frst nucleotide in a daugher strand. Another enzyme, known as primass . ) N N*
synihesizes a short primer sirand of RNA. The primer sirand hen Serves s a slepping stone to san = ?
errorless replication. Once the initiation of DNA synthesis is completed, this primer RNA strand is then N
removed enzymatically. N
Elongation of new strand : The DNA dependent DNA polymerases catalyse polymerisation only in one
direction, that is 5 — 3. This creates some additional complications at the replicating fork. Consequently,
the replication is continuous on one template strand with polarity 3' » 5'. It Is now known s leading
daughter strand. The replication is discontinuous in the form of short Okazaki fragments on other
\omplate strand with polarity 5 — 3, this is called lagging daughter strand. The discontinuously
synthesised fragments are latler joined by the enzyme DNA ligase,
In eukaryotes, the replication of DNA take

©s place at S-phase of cell-cycle. The replication
cell division cycle should be highly coordinated. A failure in cell division after DNA replic:
into polyploidy. g

Knowledge Cloud

DNA polymerases are of 3 main types
exonuciease as well as polymerase activity,

+ DNA polymerase |, 11 an
s
Exonuclease activity
DNApolymerase | & - 3 [removal of RNA primer 5
(Kornberg enzyme) &T =T (thymine dimer) formed
UVrays] and 3' - 5

DNA polymerase l 3/, 5

DNA polymerase lil : 35
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| = The process of copying genetic information from ong strand of the DNA :ru:RNA’ws e
Like DNA repication. the principle of corsplemantariy gou A o4 S eomcription

em e
adenosine which forms base pair with uraci instead of thymne. - " P'°¢¢5S Of ranscription, except the

NEET & ay l & AlIMS i
78 Moecuar Basis of inherance M | et RIPTION Molecutar Basis of ihertance 147810701
‘ NsCRIP . e

Try Yourself

3. Fill in the blanks But, unlike DNA replication where total DNA of an

: S organism gets duplicated, in t

é was proved in Vicia fy d only one of the strands i i s e

n - ; k U A and only S copied into RNA. Here o,

(a) DNA i usingl- . ?ephcauon both strands are template P S s e

(b) Deoxyribonucleoside triphosphates acts as ______ and they provide for There are two explanations for both the sirands of DNA ot being copied during transcription
polymerisation

(1) If both strands act as template, they would code fo
if they code for proteins, the sequence of amin
segment of the DNA would be coding for two
information transfer machinery.

@) The two RNA molecule:

form a double-stran
EXERCISE

Transcription Unit

" RNA molecule with different sequences. And in tum.
0 acids in the proteins would be different. Hence, one

(c) The discontinuausly synthesised fragments are joined by the enzyme ____during DNp
replication. different proteins. This would complicate the genetic

4. () Whatis the site of DNA replication in cell cycle?
(ii) What will be the result of failure in cell division after DNA replication?

luced simultaneously would be complementary to each other, hence wouid
is would prevent the translation of RNA into protein,

1. Which of the following types of bacteria were used in Griffith's transformation experiment? The segment of part in transcription is called transcription unit. It has three components
(1) Diplococcus, R-1ll and S type (2) Pneumococcus, T, phage @) A promoter
(3)  Streptococcus, Rl and Sl type (4) Diplococcus, E. coli (i) The sffuctural gene
12 The biochemical nature of transforming principle was defined by
(1) Grifith (2) Avery, Macleod, McCarty
(3) Watson and Crick 4) Taylor rid and Coding Strand
13, In Hershey and Chase experiment, the protein of T, phage was made radioactive by using a convention in defining the two strands of the DNA in the structural gene of a transcription unit
o s2 @ P e
@) s* @) px The
14. Choose the correct option w.r.t. RNA.
(1) Presence of thymine in place of uracil (2) Absence of free 2'OH in sugas
(3) Mutates at faster rate @) Is non-catalytic ;
16 Semiconservaive DNA replication was proved by Messelson and Stahi, in which D
(1) Radioactive using N'5 (2) HeavyusingN™
() Heavy using 'SNH,CI (4) Radioactive usin
16. o

During DNA replication, strand separation by breaking the H
(1) Topoisomerase @
@) Helicases )
17. RNA primer is removed by
(1) DNAP-
(3) DNAPIl
18 How many types of DNA
(1) Three
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Karyotes) and polycistronic
monocistronic (mostly in eu (o
The structural gene in a ()ranscnplfun unit ; L e o ot oy
in or bacteria) > 5y
ge:s synthesises different proteins or polypeptides ‘
stronic struclural genes have interrupted coding sequences i.e. the genes in eukaryotes are spjy
Tie modﬂmse uences or expressed sequences are defined as exons which appear in mature or processey
;rran;n:gexn:s are interrupted by introns. Introns are intervening sequences that do not appear in mature or
processed RNA. The split-gene arrangement further complicates the definition of a gene in terms of a Dy
segment.

NEET & Ay

Types of RNA and Process of Transcription
There are three major types of RNA: mRNA (messenger RNA), tRNA (iransfer RNA) and rRNA (ribosomal RNA),

.| mRNA TRNA
1. | 5% oftotal RNAin cell 80% 15%
2. | Longest Smaller Smallest
3. Itis called template/nuclear/ | Has structural (forms

Soluble or adapter RNA

messenger or informational and carries amino acids.

RNA as it carries genetic
information provided by DNA

ribosome) and catalytic
role during translation

Thus all three RNA's are needed to synthesise protein in a cell,

(A Transcription in Prokaryotes : it occurs in cytoplasm with the help of trancripting enzyme,

The ie., DNA-dep RNA Iy of one type and tran:
Of RNAS ie., mRNA, tRNA and rRNA. Al three RNA are needed to synthesize a pr
RNA isa that is made of ’

(0B w)o. The er
he process of transcription completes in 3-steps :
Initiation : It is catalysed by sigma (o) factor or initiation factor. It binds to
DNA and confers specificity. I the absence of o-factor, Iranscription starts o
enzyme al any base on DNA ;

is referred to as core enzyme. Tt
)

(i) Etongation : The RNA polymerase (core enzyme) s only ca talysh
oo o et
(i) Termination : Rho factor (o) is required for termination of ta
5

5

Promoter

RNA polymerase ~ Sigma factor

Initiation
3 >
5, D 'ﬁ

3
e

DNA helix

1S
) AlIM: Molecular Basis of inheritance '8

RNA polymerase binds o promoter region of the D ang g -
ide triphosphates as substrate and po
nucleoside trip! PolYMerises in a tempiateg
pended fashion folk
of complementarity. It also helps in the opening of heiix ang continues elongation, oni "ﬂ:»g the rule
of RNA is attached 1o the enzyme. Once the polymerase rony iy a short stretch

hes the terminator region, thy
RNA and RNA polymerase falls off and it results in termination of transcription e

0ess of transcription begins, It uses

Following points can be summarised for bacterial transcription
@ mRNA does not require any processing to become aciive

(ii) Transcription and translation take place in the same compartment as th

on ere is no separation of
cytosol and nucleus.

(iiy Many times the translation can begin much before the mRNA is fully transcribed. Thus, the
transcription and translation can be coupled in bacteria

(8) Transcription in Eukary
in the nucleus in additi
labour. Functions of

() RNA poly,

There are three types of transcripting enzymes i.e. RNA polymerases
lymerase found in the organelles. There is a clear-cut division of
IA polymerases in eukaryotes are given below :

.88, 18S, 28S rRNA synthesis
(ii) RNA poly: 11 : hnRNA (heterogeneous nuclear RNA)
(i) RI lymerase lll : tRNA, ScCRNA, 55 rRNA and SnRNA (small nuclear RNA) synthesis.

e na IA synthesised by RNA polymerase Il is called hnRNA or primary transcript. It contains
ot unwated base sequences (introns) alternated with useful base sequences (exons).
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. " 200300 at
e cing: Taiing is the addition of adenylate residues abou endin
$ (@) Taing and Splicing: Taing s the a0d1on & SEREE T A poly A polymerase ]
template-independent manner on newdy for ci
T vocess of removal of ntrons and oining of exons in  defined order. Introns are remgy hich of the following is a genetc RNA?
is the proce: oval of intror joining
NA (SIRNA) and protein complex called small nuclear fibonucieoproteing 2
by small nuclear RNA (Sn o [ mRNA @
SnRNPs (Snurps).
The fully processed hnRNA is now called mRNA and it is transported out of the nucleus fy, @ hn-RNA (4) RNA present in plant viruses
transiation. The mRNA of prokaryotes is
The spit-gene amangements represent probably an ancient feature of genome. The presence of | 2
introns is reminiscent of antiquity. and the process of splicing represents the dominance of (1) Polycistronic (2) Monocistronic
RNA-world (@ Formed by splicing of hnRNA (@) Carries genetic message to DNA
Start codon Stop codon Capping in hnRNA is catalysed by
Eukaryotic Excn p<3
5 3 0} Poly A polymerase (2) SnRNA
5
(3 Guanyl transferase (4) Catalytic RNA
24, Which of the following ibosomal RNA is not present in eukaryofic cytoplasm?
‘ Transcription y
PremRNA 5 T i 185 @288
o
hnRNA (3) 58S @) 168
me ' capping .
Geap Mark the dorrect gption (w.rt. function of RNAP-1)
G (1) 4585 () 5SRNA
Intronic A A @ ScRNA
sequence . ‘ Polyadenylation
Poly A tail
™G I A AAAA
‘ Splicing
Spiice site
1 1
s AAAAA
Endonucieolytic clea
‘a‘smum&m e
mG

AAAAA
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SENETIC CODE “carios al gonatic information. It s expressed in the form of proteins which arg maﬁ

DNA (or RNA) ca ‘f ino acids. The information about the number and sequence of these amy A
20 different types of :S’ZM in DNA and is passed on to mRNA during transcription. Thus, genetic ch:‘x
forming pvo(evrr\‘ is g;lween nucleotides sequence of DNA or mRNA and amino acids Sequence m»:
mI‘e;;e;::"z Py sequence containing coded information for one amino acid ang Consis
polyy

3 nucleotides.

The proposition and deciphering of genetic code were most challenging. In a very true sense,
involvement of scientists from several disciplines — physicists, organic chemists, biochemists
It was George Gamow, a physicist, who coined the term genetic code and argued that sing
4 bases and if they have to code for 20 amino acids, the code should constitute a comt
He suggested that in order to code for all the 20 amino acids, the code should be made u;
This was a very bold because a

codons, generating many more codons than required

1t requir
and genetiigy
Ce there arg only
bination of
P of 3 nucieoy

of 4 x4 x 4 (4%) would generaye 6

The important discovery was the result of experiments by rich Matthag
and later by H.G. Khorana. Nirenberg and Matthaei used a synthetic poly U RNA and deciphered the cog,
by translating this as polyphenylalanine. The chemical method developed by Har Gobind
instrumental in synthesising RNA molecules with defined of bases (h an
copolymers). Using synihetic DNA, he prepared polynucleotide with known repeating sequence e,
CUCUCUCUCUCU, which produced only two amino acids, leucine (CUC) and serine (UCU).

it was also helpful in polymerising RNA wi,
enzymatic synthesis of RNA. Finally a checker.

¥ Marshall W. Nirenberg and J. Heini

Khorana wag
ind

Severo ochoa enzyme is polynucleotide phosphorylas:
defined sequences in a template-independent manner i ¢..
board for genetic code was prepared which is given below

Table : The Codons for the Various Amino Acids
First
position

‘Second Position

gET

Molecular Basis of Inheri 0
o () Degeneracy of code : Soms anin, - Q

& AlMS

degenerate e.g. serine, leucine, argin

"acll]dssave £oded by more than one coq
e by n
4 codons etc.

©odons, proline, valine, glycine, aﬂ{nze::: L:::o?\?::t:
Exception - AUG (Met) and UGG (Trp ) are non-degenerate codons,
universal code : The code s nearly universal, 6 g. |y would cod
Some exceptions (o this rule have been found n mitochondria and
Initiation codon/start signal : AUG has dual functons,
initiator codon.

Stop signals : Polypeptide chain terminatio,
UAG (amber) and UGA (opal). They do not
or stop codons.

b e for phenylatanine in

all organisms.
protozoa. (See

knowledge cloud).
" 1t codes for methionine, and it aiso acts as

wib N is signalied by

¥ three termination codons - UAA (ochre),
specify any ami

0 acids, hence called as nonsense codons
(vill) Non-overlapping codon : Each codon i indspendent and one codon dos oy overlap the next codon.
tations and Genetic Code

The relationship between
and rearrangements in
and so a function. A

DNA are best understood b
DNA are easy to comprel
mple of gene mutation or

Y mutation studies. Effects of large deletions
hend. It may result in loss or gain of a gene
point mutation is a change of single base pair
amino acid residue glutamate to valine. It results.

~ The Adapter Molecule

ce of tRNA was postulated by Francis Crick. It was also known as soluble RNA (SRNA) before
code was postulated. These constitute about 15% of the total cellular RNA.
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A 3
tRNA
AU

U C A Anticodon G
A GU Codon UAC mRNA

- 3

Fig. : tRNA — the adapter molecule

There are three loops in tRNA
¢
(i) Ribosomal binding loop with 7 unpaired bases - It is 1st loop from 3

(i) Anticodon loop with 7 unpaired bases. Out of the 7 bases in anticodon loop,
for a particular triplet codon present on mRNA.

Aminoacy! synthetase binding loop or DHU loop

Knowledge Cloud

In prokaryotes, recognition sequence is
binding e.g.. (i) TATAAT or Pribnow
(i) TTGACA : -35 sequence as recog

present in Dmmdor

box (-10 sequence

nition sequence.

2. In eukaryotes, TATA box or Hogness box (7bp|

1o the start point; another sequence is CAAT box p

e

3. Split gene was discovered by

introns as intervening sequence

Difference between universal g

—

dihydroxyuridine loop) - 15t loop from 5 end.
end also called as TYC loop.

3 bases act as anticodon

nem— Molecular Basis of Inheritance ‘187

le and Tatum put forward a theoy
5. Bead r¥-one gene-one enzyme in 5 ypothesis
that enzymes are proteinaceous in nature ang each is produced by :pmy:'gi‘::a{::; hcom ucted |

f pink mould, Neurospora crassa. This i
e " 8 's fungus
nutrient medium and has the ability to synthesize allits cellular components, Suchngn otggr:nw;n:':sm

Gene 1 Gene 2 Gene 3

Enzyme 1 Enzyme 2  Enzyme3

Precursor—» Omithine —» Citrulline—» Arginine

They found that any step_

this metabolic chain could be blocked by a mutation in a specific enzyme
catalyzing the reaction, éa

yme representing a different gene product. Thus, Beadle and Tatum
each gene functions to produce a single enzyme.

fobin and other quaternary proteins are made p of two or more than two
the “one gene-one polypeptide hy_pou\uis to explain the
of synthesis of the peptide chains of the haemoglobin. Later Jacobson and

uence of coding strand in a transcription unit is written as follows:
‘F-CGTATCGATCGGTTACGA-S’

Wri!udownheseqmnceafoonwlsmenlaryslmnd»hyafdhsmn.
n t s&'ﬁnd:3’—GCATAGCTAGCCAATGCT—5‘
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presence of a catalyst would enhance the rate of peptice bond formation. It is catalysed enzyme
peptidyl transferase (a type of ribozyme ~ catalytic RNA ie., 23S rRNA in bactena m% SIRNA
in eukaryotes). The elongation factors are required in this process. Transiocation is movement of
ribosome on mRNA. The ribosome move from codon to codon along the mRNA. Amino acids are

Try Yourself & g added one by one, transiated into polypeplide sequences dictated by DNA and represented
5 What shouid be the nature of genstic code if there would have been 65 amino acids? by mRNA.
2 A transiational unit in MRNA is the sequence of RNA that is flanked by the start codon (AUG) and
6. Fillin the blanks : the stop codon and codes for a polypeptide. An mRNA also has some additional sequences that
transcripion and transiation can be coupled in are not translated and are referred s untranslated regions (UTRs). The UTRs a2 present at both
i 5-end before start codon and 3-end after stop codon. They are required for efficient translation
() _____donotappear in mature or processed RNA. roesse
(c) The terminator is located at end of non-template strand. (3) Chain ination : The of % is signalled by one of the three termination
TP-de; : ted with
codon mRNA in a contiguous fashion, there are no , codons (UAA, UAG, UGA). A GTP-dependent factor known as release factor is associati
S S i : 2 d 3 termination codon F, in eukaryoles and RF, and RF, in prokaryotes, that help in terminating
{e) Gene mutation involving insertion or deletion of one nittogenbaseis ______ mutation. wansiaton and complete polypeptide from the ribosome,
TRANSLATION m— mRNA oo Yy Yz

It refers to the polymensation of amino acids to form a polypeptide. The order and sequence of amino acids
are defined by the sequence of bases in the MRNA.

The cellular factory responsible for synthesising proteins is the ribosome. The ribosome consists of structural
RNAs and about 80 different proteins. In its inactive state, it exists as two sub units, a large subunit and a
small sub unit. Ribosomes have two sites for binding amino acyl tRNA, P-site (peptidyl site) and A-site
(aminoacyl). When the small subuntt encounters an mRNA, the process of transiation of the to protein ® e
Dogs (A) Binding of first charged tRNA at P site
The steps of transiation mechanism are

idhdal

R

(a) Activation of amino acids : In the presence of enzyme aminoacyl - IR

acid (AA) bind with ATP. MRNA =——

AA, +ATP—EM" , an AMP-E, complex + PPi

Charging of tRNA : The AA -AMP-E, complex reacts with

(®) )
to tRNA. As a result, the enzyme and AMP are liberated. It is also

AA, — AMP-E, complex + tRNA,——AA, ~ IRNA, +AMP4|
(Charged FNA)

(c) Formation of polypeptide chain : It completes in three steps
(1) Chain initiation : It requires 3 initiation factors in proks
() Binding of mRNA with smaller subunit of ribos

30S + MRNA ——30S-mRNA complex

In eukaryotes, there is formation of 40S-n

(i) Binding of 30S-MRNA with tRNA,.
eukaryotes and formylated in p
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% w1k
JLATION ESSION

REG

Regulation of gene expression refers to a very broa ten

™ that may occur at var
gene expression results in the formation of a polypeptide role

. it can be regulated al sever:
In eukaryotes, the regulation of gene expression could be exerted at four levels,

R L
vels. Considering that
al levels,

There are some metaboli ich inhibi i bacteria. These antibio
which inhibit the synthesis of pfolems in s arg
used h..;veckm the gnrfn:umc"lfmn bacteria which are pathogenic in nature e.g.,

[0) Transcriptional level : Formation of primary transcript.

cycline its binding i NA to ribosomes
oo o i o::" ":cuf:m P S (i) Processing level : Regulation of splicing
: s 4 i 2 ivi i) Transport of mMRNA from nucleus to the cytoplasm
Chloramphenicol - Inhibits peptidyl transferase activity (i i
Erythromycin - Inhibits translocation of mRNA along ribosomes ™) Translational level

Neomycin

- __Inhibits interaction between tRNA and mRNA.

The genes in a cell are expressed o perform a partcular function or a setof funcions. In eukaryotes, functionally
related genes do not represent an operon but are present on different sites, chromosomes. Here structural gene
EXERCISE is called split gene which is a mosaic of exons and introns, ie., the base tiplet - amino acid matching is not

continuous. The entire spiit gene i iscribed to form a continuous strip of MRNA. The removal of non-coding
31. Formylated methionine acts as translation tion in of RNAis called RNA splicing. About 50-90% of primary transcribed
(1) Eubacteria (2) Eukaryotes velopment and differentiation of embryo into adult organisms are also
(3) Viruses (4) Archaebacteria ~ aresult of the coordinated reg expression of several sets of genes.
32 Which of the following codons is known as ochre? i e

environmental condition that regulates the expression of gene.
(1) UAG

olic, physia @

@ uca g model: It is most popular for eukaryolic genes expression. It proposes the
@) uAa 4) wwu ce of Sitypes(of genes - producer, receptor, integrator, sensor and enhancer silencer.
3. Which of the following s an ambiguous oodon? ye '. control of the rate of transcriptional initiation is the predominant site for control of gene
K & 6 In & transcription unit, the activity of RNA polymerase at a given promoler s regulated by
() UAG @) GAG

34 Which property of genetic code is utilised in

Wwwm.mmmmmmmmm.mmmm
(1) Degenerac

e hypothesis? e ” (negatively). The functioning of operator depends upon

2) Non-overtapping

(3) Non-ambiguous ) Universal

35, In the mitochondrial DNA, UGA codes for
(1) Chain termination {2) Chain initiation
(3) Tryptophan (4) Tyrosine
36, Activation of amino acids during transiation is done by
(1) Peptidyl transferase @ Amnnoncyi—tRNA!yan
@) Methionine .

5 (4) Initiation factors

Movement of ribosome on mRNA is called

(1) Transcription

3) Translocation

The elongation factors required for. prokaryoles are
(1) EF-Tu and EF-Ts
@) elf,
9. Which of the following inhibits
(1) Neomycin

) Sreptomycin
The mechanism by v

biding of amin
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c Operon Genes

are
dase which is primarily responsible for the hydfulysls
c units galactose and glucose. of

enes : Three structural genes

2 gene codes for -galactost
aride, lactose into its monomeri
e, which increases permeability of the cell to B'galaqﬂsnues

tylase which can transfer acetyl group to -galactoside,

1. Structural g
@) facz:The

the disacch

i) fac y : The y gene codes for permeas

acel

(iii) fac a: The a gene codes for trans:
tein molecule or regulator molecule, which prevents the

2. Operator gene : It interacts with a pro!
transcription of structural genes.

3. Promoter gene : The gene possess site fo

4. Regulator gene (i) : The gene codes for a protein known as repressor protein, it is synthesiseq g
the time from the i-gene, thats, why it is constitutive gene which is functional always.

The operon is switched off when repressor protein produced by rsgulgtory or inhibitor gene binds to operator

gene. RNA polymerase gets blocked, so there would be no transcription. 7

Repressor protein + Operator gene — Switched off N

r RNA polymerase attachment.

Regulation of /ac operon by repressor is referred to as negative control or regulation.
If lactose is provided in the growth medium of the bacteria, the lactose is transported into the cells through
the action of permease. A very low level of expression of lac operon has to be present in the cell all the time,
otherwise lactose cannot enter the cells. In the presence of an inducer, such as lactose or allolactose, the
repressor is inactivated by interaction with inducer. This allows RNA polymerase access. to the promoter and
transcription proceeds.

Inducer (Lactose) + Repressor — Switched on

Lac operon is under control of positive regulation as well.

Repressor binds to the 0
and prevents RNA po

N~
Repressor mRNA
transcribing the operon

Repressor

MEET ; there are five st W B
. system, structural Molocitsr fas
jae {:r the synthesis of tryptophan, genes, p Ay, Cular Bass of inheritance 193

e an B, 1
e0d 1 as apo-Tepressor because it aMino aciq, Regyer- O P O and try o

gl
is k1O " switched on’ positon "y Gene () g 10 three enzyme

S50f protein which
the operator gene

does not
et boung rod
210 the opera luces,
or directly. Hey

'7r:resw and co-
pack repression 1S functional when there is no furthes 2N 0peron would be in switche il
1

poec ed off
P nt of continuation of this anaboli need of the off position
requirem® ic pathway, This o €nd product and,
— peror ence, th
i N Sops the process, ere is no
Operator
Regulator gene

—_—
Structural genes
=

L e =T
Promotéf I\ l l l

o
mRNA S N Polypeptide E D c §

: — — &, 8, A, 8

~N l,gnve repressor ——I — 3

e € N\ A Enz1 Enz2 Enz3 T
(Ina (Co-repressor)

. : Tryptophan operon model of gene regulation in bacteria

ryotes trol of the rate of transcriptional initiation is the predominant site for control of gene

Scanned by CamScanner



- 1ee

4

a2

s

&

&

S
&

&

Molecular Basis of Inheritance

re called as
The genes which are constantly expressing themselves in cel ai

(2) Constitutive genes

(4) More than one option is correct

5
How many structural genes are present in /ac-operon of E. colf

(1) Luxury genes
(3) Non-constitutive genes
() 4
@ 2

@ 3
@ 1

In lac-operon, p-galactosidase enzyme is made by

)
@) lacz

lac-y

@) laca

@) Jlaci

Inducer molecule in lac-operon of E col is chemically a/an

(Y]
®
Tryptophan operon is

Disaccharide

Protein

(1) Catabolic system

(3) Inducible system

Choose the correct option w.r.t. the chemical nature of

trp-operon?

(1) Protein, Amino acid

(3)  Lipoidal, Sugary

Gene battery model was proposed by
(1) Jacob and Monad

(3) HG Khorana

(W]
®
In repressible operon system, co-rey
(1) Lactose

c-oncogene
Homeotic genes

() Amino acid
@) RNA

(2) Repressible system
(4) Having three structural genes

NEETS Ay |

po-repi

NEET & AlIMS 1
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Molecular Basis of Inheritance ‘498 :
UMAN GENOME PROJECT (HGP)
Genetic make-up of an organism or an individual lies in the DNA s
equences. The differer i
will naturally be reflected in the differences of their feerlialo

sequences, a very ambilious project of sequencing human genome was launched n the year 1990,

HGP was the international, collaborative research
understanding of al the genes of human beings. All g
as genome.

program whose goal was the complete mapping and
jenes together of haploid set of chromosomes are known

Human genome project as “Mega project’ was a 13-year-project, co-ordinated by the US Department of Energy
and the National Inslitute of Health. Soon Welcome Trust (UK) joined the project as major partner, additional

contributions came from Japan, . Germany, China and others. The project was completed in 2003. HGP
has been called a megaprojec

() Huge cost estimated
(i)

lion US dollars, the cost of sequencing 1 bp is USS3.

Very large numby airs (3 x 10° bp) to be identified and sequenced.

(iii) Requires a lars of scientists, technicians and supporting staff.

(V) Storage oF@ata ted which requires some 3300 books, each with 1000 pages and each page
having letters. However, high-speed computational devices for storage, retrieval and analysis
of data asier to do the same

scienge of Bioinformatics also developed during this period and helped HGP.

the important goals of HGP :
tion of all the approximately 20,000-25,000 genes in human DNA.

(i) To determine the sequences o the 3 billion chemical base pairs that make up human DNA
(i) To store this information in databases.

() To improve tools for data analysis.

) Transfer-related technologies to other sectors, such as industries.

() ELSI: To solve any ethical, legal and social issues.
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Methodologies
The methods involved two major approaches

() ESTs/Expressed Sequence Tags : Identifying all genes that are expressed as RNA

(i) Sequence Annotation : Sequencing the whole set of genome that contained al the coding and non.
coding sequences and later assigning different regions in the sequence with functions.

For sequencing, the total DNA from a cell is isolated and converted into random fragments of relatively smaler
sizes (recall DNA is a very long polymer, and there are technical limitations in sequencing very long pieces
of DNA) and cloned in suitable host using specialised vectors. The cloning resulted into amplification of each
piece of DNA fragment so that it subsequently could be sequenced with ease. The commonly used hosts
were bacteria and yeast, and the vectors were called as BAC (bacterial artificial chromosomes), and YAC
(yeast artificial chromosomes),

Fig. : A representative diagram of human genome project

The fragments were sequenced using automated DNA sequencers that worked on the princi

developed by Frederick Sanger. Sanger is also credited for developing method for determ

acid sequence in proteins. These sequences were then amranged based on some ove

in them. This required generation of overlapping fragments for sequencing. Alignment of §

humanly not possible. Therefore, specialised computer-based programs were X

subsequently annotated and were assigned to each chromosome. The sequence of ¢

completed only in May 2006 (this was the ast of the 24 human chromosomas .2 at

Y - to be sequenced).

Salient Features of Human Genome
Some of the salient observations drawn from human genome project are as follo

() The human genome contains 3164.7 million nucleotide bases.

(i) The average gene consists of 3000 bases, but size varies

being dystrophin as 2.4 million bases and TDF gene as -
The tofal number of genes is estimated at 30,000 much
genes. Aimost all (39.9 percent) nucleotide bases
) The functions are unknown for over rc

()

™)

(ii)

NeET AN Molcoular Basis o Inhertance (787

applications and Future Challenges

1. Completion of first phase of human genome project has been compared to discovery of antibiotics because
it has opened a vast data base of knowledge about various aspects of human genome.

2. Soon we shall be mapping all the human genes, all sequences, transposons and junk DNA

3. There are more than 1200 genes that cause common cardiovascular ailments, endocrine disease like
diabetes, Alzheimer's disease, cancers and other neurological ailments. After taking their snapshots, it
will be possible to know the method to alter them and remove the possibility of the disorders

4. Single gene defects produce a number of hereditary diseases, that can be corrected.

5. It will be possible to study interactions between various genes, proteins, as well as mechanism of forming
tissues, organs, tumours or switch over to different developmental stages.

6. It holds promise of healthier and longer living, designer drugs and genetically modified diets according to

needs of individual human

| DNA FINGERPRINTING
Itis the technique u
individual. DNA fir
twins. 99.9

ing nucleotide sequences of certain areas of DNA which are unique to each
can distinguish one human being from another with the exception of monozygotic
s¢ sequences among humans is the same. They have 0.1% of genome or 3 x 108
differences. sequence. The differences occur not only in genes but also in repetitive DNA.
DNA fingerpri identifying differences in some specific regions in DNA sequence called as repetitive
{epelitve DNA are separaled from bulk genomic DNA as diferent peaks during density gradient

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

is classified 9 the basis of (A:Trichor G : Crich),
'segment and number of repetitive units. These categories are :

 sequence is arranged tandemly in many copy numbers. The copy numbers varies from
i n individual. The number of repeats show very high degree of
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498 Molecu
NA fingerprinting 1S (a gh degree ractical Applications :
gerprinti VNTR (a satellite DNA as probe that shows very P Al

Thus, the basis of DI "
of polymorphism). The technique of DNA fingerprinting was developed by Alec Jeffreys. The technique, K
y 2. Criminal identification and forensics

Paternity-maternity disputes

used earler, involved Southern biot hybridisation using radiolabelled VNTR as probe. It included
Paternal
() Isolation of DNA, chromosome ~_— g ———— T —
(i) Digestion of DNA by restriction endonucleases T E—
chromosome Chromosome 7 Chromosome 7

(i) Separation of DNA fragments by electrophoresis, or (RFLP Restriction Fragment Length
ISR ) [ e )
C )

Polymorphism)

&P ) Transterring (blotting) of separated DNA fragments to synthetic membranes, such as nitrocellulose or nylon, PR ChvndsingZ
y ) Hybridisation using labelied VNTR probe, —E— P i ]
L i B 1 =

bridised DNA fragments by autoradiography.
probe, the autoradiogram gives many bands of different sizes. These bands give Curogiosone (16 Chromosome 16
idual DNA

(i) Detection of h

sed by use of polymerase chain reaction (PCR). Consequenty,
erprinting analysis.

hnique has

The sensitivity of the x
1o perform DNA f

DNA from a single cel is en

333

Number of short tandem repeats

Iy —,
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B SV
-
Example 13 : Arange charged (RNA molecules according {0 gver mRNA sequence
Try Yourself i 5
® 7. Select true or false statement:
{a) Attachment of smaller unit of ribosome on mRNA brings the initiation codon at A site.
{b) Peptidyl transferase is RNA enzyme formed by 23S rRNA of larger subunit of 70S nbosome.
@ {c) Gene reguiation is exerted at four Jevels in eukaryotes.
- (d) VNTR varies in size from 0.01 to 200 kb.
8. Mention the correct sequence of steps followed after separation of DNA fragments by
HTe - £
©
Solution:  1-(c @ 4-(@®)
-
Example 14 : aperon is aways functioning? Mention its product.
Solution = Reguistor gene Synthesises repressor profein.
-
Example 15 : Lac operon exerts negative control when

) Repressor binds promoter gene

2 Repressor binds operator gene

{4) Electrophoress
that contained all the coding and non-coding sequences and lster

with funcions is knownas Tas
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56 How many total number of genes are found in human genome?

57.

(1) 18000 ) 30000

@) 13000 4) 4000
% of the genome codes for protein in human beings

(1) 98% @ 5%

@ 24% @ <2%

In humans, the largest gene is present on

(1) Chromosome-1

(@) Y-chromosome

(3) X<chromosome

(4) Chromosome-7

TDF gene is the smallest gene in humans with

Kl B1kp @ 14bp

(3) 2968 bp @ 3000bp

SNPs stands for
(¢
(2)  Simple nucieotide polymorphism

Single nucleoside polymorphism

(3) Single nucleotide polymorphism

Simple nucleoside polymorphism
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seqwnossamssRNA.exueptTatmeplmean
e Cistron: A segment of DNA coding for a polypeplide.
- Exons: Mlgseq(mmsswexusmdmhm
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transcription and transiation is a continuous process. In eukaryotes the Geneg
okaryotes, tra i
 SREER ) pfspl‘rt ::s are interrupted by introns. Introns are removed and exons are joingg p
are ex;
produce functional RNA,

The mRNA contains genetic code in combination of three (triplet code) to code for an amipg
. acid. This genetic code is read by tRNA which acts as a adapter molecule,

9. There is specific tRNA for each amino acid. Each tRNA binds to amino acid at one eng ang
with codons by H-bonding at another end.

10.  Translation oceurs at ribosome, here ribozyme (rRNA enzyme) acts as catalyst which helps
.~ in peptide bond formation. Process of translation has evolved around RNA, which shows thgy
life began around RNA.

 Since transcription and transiation are energetically very expensive they are tightly regulateq
‘€4g., Lac operon which is regulated by amount of lactose in medium i.e., regulation of
enzyme synthesis by its substrate.

for sequencing every base in human genome.

upon principle of polymorphism in DNA sequence.
A
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