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Introduction
Jhromesanies are thread like structures that appear inside the nucleus at the time of cell
| division.
oiscovery
Chromosomes were first discovered by German embryologist Walther Fleming in 1882
when he was examining the rapidly dividing cells of Salamander larvae.
After this discovery chromosome have been found in the cells of all eukaryotes.
Number of Chromosomes

Number of chromosomes varies from species to species e.g.
Organism Chromosomes
Penicillin one pair
Ferns more than 500 pairs
Mosquito 6
Honey bee 32
Corn 20
Sugar cane 80
Frog 26
Mouse 40 :
Human 46 chromosomes or 23 pairs Fig 20.1 Human chromasomes

Genes on Chromosomes
Genes are located on chromosomes e.g. in man each of 46 chromosomes contain
hundreds or thousands of genes.
Genes determine developmental processes body features and functlon
Importance of Chromosomes , SR | .
Q) Possession of all chromosomes is essential ior survival. (= . | | Yt
(i) Missing of a part or whole chromcsoine le2s tG siripus consaquel me< even death

20.1 “:.-.'I A =Eu'nW‘ M

Karyotypes
Total cizornos¢ m'; (p'-n iciuiar! a*ray, o} airindividual is called karyotype.
It includes\tolipwiag ctia’ -actéristics due to which chromosomes may widely differ.
°* ;wmaramv _ -
[ \S[ze
Staining properties
Location of centromere
Relative length of arms on sides of centromere
Karyotypes show marked differences among species and even among individuals of same

species.
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\Chicimissomes are divided into four types on

( hromatids

Secondary
constriction
( o |tr mlere
Centromere )/‘r'l‘ S

-'p'rhrnry B

gopstieiion) Sister chrom-ud!

Fiy '00.2 $tructure of a chromosome

basis of position of centromere. These types are:
Telocentric

Acrocentric

Submetacentric

Metacentric

These chromosomes acquire different shapes at
the time of anaphase during the cell division. i i A
The usual shapes are i, j and v. Fig. 20.3 A human karyotype

\;um’l: fibre ( Contremere

'y T A} A
A v/ |/ N\
\J WJ [ ) ( '[ ', 3

Tebocentri Acroconivie Sult metucentric Metacentric

Fig 20.4 Shapes of a chromosomes depend upon the location of centromeres
QUESTIONS RELATED TO ABOVE ARTICLE

What are chromosomes? What do you know about their types?
Describe types of chromosomes on the basis of centromere. (LHR 2017)

20.2 COMPOSITION OF CHROMOSOME

Chemical Composition

1)
2)

1)
(i)
(i)

o (i) |
N

(v)

(V)

Chromosomes are composed of two |mportant components =31 (1
DNA \ o ALY I wr’
Proteins - sl o

A significant amount of RNA is.aled assoe! 1teq Wit ch OMo! Jommes because these are the
sites of RN.A synthe5|s j . \ -

DNA (1 |, -

It is abcat 409! | '

It is_very iong) double stra: :ued flber that extends unbroken through the entire length of
chroroshnie

L Wurnieiousnucleotides of DNA are present on smgle chromosome e.g. a typical human

chromosome contains about 140 million (1.4x10%) nucleotide in its DNA.

Chromosome through DNA contains all the information e.g. information of one human
chromosome would fill about 280 printed books of 1000 pages each, if each nucleotide
corresponds to a word and each page has about 500 words on it.

If strand of DNA from a single chromosome were laid out in a straight line it would be
about 5cm long.
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2) Proteins

Q) Histone proteins are present in chromosome. N 2

(i) Histones are positively charged due to abundance of baczc aming ?cnt ‘(al glr:n:e ri
lysine) on it. - et TV Y

Physical Structure ARRER '. \ -
Typically, a.chromosome i niade; oF W) |m or*c nt-combenents:

Q) Centre m(-,r= whichkis: central part alsi cailea rf"nary constriction.

(i)  Chromauads, vvt ici) are twolin riuimkeralso called arms.

SOYT‘"[IFIIEJ d SL“LOI’ e r\f caristriction is also present.

R

DNA DNA double helix (duplex) -
Fig 20.5 Levels of eukaryotic chromosomal organization .. " = |

Structural Features Ao NN o\
Q) Condensed portions and non- Ccncl=nsed p(,mcanL VAN | —
Heterochromatin AW A\RSRIBR= | [
o These pre | g th coNcienise opm't! mf of "hinmarlr. T
o They ree‘a n pe rrrment:v«dna nsed.
. Their DNA,is nevér X)) rhsded:
Euch r’)mpn L.
- ,J 1»~ I .hec‘-e are portions other than heterochromatin.
h% KN - It is condensed only during cell division when compact packaging facilitates the
- movement of chromosomes.
o At times other than division, it is present in open configuration and its genes can be
expressed.
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(i) Supercoils
Each chromatid is made of higher order coils called supercoils.
(iii)  Coils ,
Turned fibers present within the .stiperccil ‘are-ceiiea caiis, ‘which! are™in. #ctual case
chromatin fibers. This coiliry helps PANATO bu résent'in small spacel of nucleus.
(iv)  Nucleosoms —
It is thi basic\unit-ot J"ormsome ol chiramatin fibers.
o In it DMA 1u,).ex i4 chiled\around-a core of eight histone proteins.
o Nugiposanies ey reprateu after 200 nucleotides.
¢ | PRsitivetyechdrged histones are linked with negative charged phosphate groups of DNA.
{1 Tne histone cores thus act as magnetic forms that promote and guide the coiling of DNA.

Write a note on chemical composition of chromosomes. (FSD 2019)

Work of Karl Correns
He was the scientist who first suggested central role of chromosomes in heredity in 1900.

Work of Walter Sutton
Chromosomal theory of inheritance was first formulated by American Walter Sutton in 1902.

Statement
According to this theory chromosomes are involved in inheritance of characters.

Evidence In Favour of Sutton’s Theory.
These are based on Mendel’s work.

Q) Reproduction involves the initial union of only two cells i.e. egg and sperm. If Mendel’s
model was correct, then these two gametes must make equal hereditary contributions.
Sperms however contain little cytoplasm suggesting that the hereditary material must
reside within the nuclei of the gametes.

(i) Diploid individuals have two copies of each pair of homologous chromosomes while
gametes have only one. This observation was consistent with Mendel’s model.

(ili)  Chromosomes segregate during meiosis and each pair of homologue orients on the
metaphase plate independently of every other pair.

Drawbacks of Theory -
According to Mendel, genes (factors) for each trait are located on chromssoime which dre,
assorted independent of each other. Mendel’s model and Suttzii’s he Ory-do ‘not expa’-l.
why does the number of characters that asfor* indepercentiy il a gn/en (king, of Iergaiiism
often greatly exceed the m:n’.ber oi chromusonw pairs th:e Grg_an.'sm PSSESSES.

Work of T.H. Morgan
Thomas™inunt Meiga f_stugied fidlt fI) Dno‘“nnhnd melanogaster in 1910. Normal eye
colour 3iidrosopitiia s \red’ bbt nnis gay a mutant white eyed male appeared. Morgan
worked oniii and ais¢overed sex chromosomes and sex linkage.

Exporient1| '

J .. o 4| N organ crossed mutant male to a normal female. All Fy progeny had red eyes. He then

crossed red eyed flies from F; generation with each other. Of the 4252 F, progeny

Morgan examined 782(18%) had white eyes. Ratio of red eyes to white eye in F, progeny

was greater than 3:1. All the white eyed F, flies were male.
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Experiment-2 - 1 | -
In order to test above ideaviprgan « ch.mnd o tedt c-ro S '
He crossed-famale F; progeny, witn o yinal v /hi te eyed mae.
He obtamed tctit wh.tff °y‘U ar*d rad e) ed majes and females in a 1:1:1:1 ratio.
Conclusion: | AR .
_ Thaigxpert ireit. sr OWS that females could have white eyes.
~ Expl: Bl ien -
N I BN Y \ppearance of white eyed female in second cross and not in first cross give a clue about
' sex involvement. Morgan’s experiments explain following points.
Q) Gene causing white eye trait in Drosophila resides on X chromosome. It is absent from Y
chromosome.
(i)  White eye trait is recessive to red eye trait.
(iii)  Trait determined by gene located on X-chromosome is sex linked.

Conclusion )
o It is not explaining law of segregation truly. . N 2
o Perhaps, it was impossible for a white eyed. fpmale fly to evist i’ir 20Mi: URKkNovN feasen

N\ chromosome with N\ chramosome with

Y chromosome
/ White-exe gene [/ red-exe gene

A

Parents

o .."' '.|

- s s | |

ARy J | I'.'- )
w0l -

Fig: 20.6 Morgan’s experiment emonstrayting the chromosomal basis of sex linkage
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Importance
Morgan’s experiments presented the first clear evidence that ceiics deteritiy mg,_
Mendelian traits do indeed reside on the chromosomes 2as. Gutt 0|| had pronosad. .-
segregation of the white eye trait has one-io-pne-cairésporicenice, with the aenregatlon of
X-chromosomes. In other wards, WMendgiian tnants stict as =y= colo* in Drosophila assort
independently because chrgmpsones do sy).

RUESTOND REVATER TO-AB0VE ARTICLE

State t-fnrcmv 0|wa thecry 'or-iniieritance. Also explain dlfferent evidences to
supgprt this theory. !

AR 13902 DNA AS HEREDITARY MATERIAL

| | Wiark ¢f Frederick Griffith (1928)

Frederick Griffith was a British microbiologist who provided first evidence about
hereditary nature of DNA.
He used Streptococcus pneumoniae bacteria. There are two types of S. pneumoniae;

Q) S form is virulent and contains polysaccharide coat necessary for virulence.

(i) R form is non-virulent. It lacks an enzyme needed to manufacture polysaccharide coat.
He performed following experiments.

Q) When he infected mice with virulent strain of S. pneumonae bacteria S form, it died of
blood poisoning.

(i)  When he infected similar mice with mutant strain of S. pneumonae that lacked the
virulent strains polysaccharides coat R form, it did not cause the death.

(ili)  He injected dead bacteria of S-virulent strain into the mice, the mice remained perfectly
healthy.

(iv)  Asacontrol, he injected mice with a mixture containing dead S bacteria of virulent strain
and live coatless R bacteria although each of them did not harm mice separated but their
mixture caused death of mice. In blood of dead mice live S bacteria were found.

Transformation
“It is the transfer of genetic material from one cell to another altering genetic make up of
the recipient cell.”

From these experiments he concluded that some information specifying the polysaccharide
coat had passed from the dead, virulent S bacteria to the live, coatless R bacteria in the
mixture, permanently transforming the coatless R bacteria into the virulent S-ariety.

Mi s o Imnl m"'..'d | (S B, =

Live pathogenic Live nonpathogenic Hestsizilled pathogerie. pau-h agendt alid Hve . = A

strain of §. pneumoniae strain of S. prewmonize  strlin of S_onciimirniae  hanpaihopen ic Mrang. !
| : i L GES) Prowminiaé—

D T ay, | ¢ e

o o v, '|. N'I_l' ‘ \ .'. \ A ‘d_a_t"

Mice die; their blood

(li Mice die (2) Mice llve (3) Mice live (3) coentains live pathogenic
strain of 8. preumoniae

Fig 20.7 Griffith’s discovery of transformation
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Work of Avery, Macleod and McCarty (1944)

(i)

(i)

(iii)

(i)
(i)

o AR\ -Q @Q

They discovered agent responsible for transforming streptococcuc |r'1ey perfm.rif:d. '
following experiments. .
They prepared mixture of dead S skreptococ nsrarid livelk sweptoc ycous.and removed
much of the protein (99.96%} by arsiving srotain Higesting enz__vmc_
Transformi@y activity yas ot recuced N
They remoyed imuch or ?NA Ly apn. YInG-BNA dlgestlng enzyme.
Transformiig activiy wes atill oresent.
Tirely|rerno od TINA by applylng DNAase.

B tiTie transformlng activity was lost.
| {//(, +k of Hershey and Chase (1952)

They performed experiment with bacteriophages (T,) supporting Avery’s conclusion.

In an experiment, they labeled viruses with radioisotope 3P being incorporated into
newly synthesized DNA of growing phage.

In other experiment, they labeled viruses with radioisotope *S being incorporated into
the amino acids of newly synthesized protein coats.

After labeled viruses were permitted to infect bacteria, bacterial cells were agitated
violently in a blender to remove the protein coats of the infecting viruses from the surface
of bacteria. This procedure removes nearly the entire *°S label from the bacteria.
However, **P label had transferred to the interior of the bacteria and was found in viruses
subsequently released for the infected bacteria. Hence the hereditary information injected
into the bacteria that specified the new generation of viruses was DNA and not protein.

Proteln coat labeled ?
with 368 DNA labeled with *P
T2 bacteriophages
are labeled with
radioactive Isotopes

bacteriophages infect
v bacterial cells v
- ! N N = =
.-.L/ Il 1 d? A . [ - g -

- na.ttrla «ell rane a;ttateu
VAN L '- to\(&n’ 0V}"|I'¢- p'otoin coats

| I_ ,O Q- P SN /ﬁ)

8 radloactivity 2P radioactivity found
found in the medium in the bacterial cells

Fig: 20.8 The Hershey and Chase Experiment
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QUESTIONS RELATED TO ABOVE ARTICLE
Describe Griffith’s experiment to prove DNA as hereditary material: - .
Prove that DNA is the heredity material. L ILHR20R
Discuss the experiment of Frederick Griifith (Trainztipraiatinii). L IGRVY 2018)
Describe how Hershey anda'chase-2rove uiat DI\A isitne'he rejltw material.
(NFN 2019, DGK 2019)

How (din ‘—|nr°: iy ~ard 'Ch'—lsv datermine —which components of bacterial
viruseszontain thie vilus of hereditary information? (Exercise Question i)

20.4.1 Cheggicdl Watdre STOBIA

\Wapc gfikr ledrich Miescher

[ I I 1369, right after four years of publishing of Mendel’s work a German Chemist
Friedrich Miescher discovered DNA.
Miescher extracted a white substance from the nuclei of human cells and fish sperm. As
this substance was extracted from nuclei so he called it as nuclein.
After sometime, this substance was called nucleic acid due to its acidic nature.

Work of P.A. Levene
Basic structure of DNA was determined by a biochemist P.A Levene in 1920.
According to Levene, DNA and RNA molecules are made of repeating units called
nucleotide. A nucleotide is made of three components.

Composition of Nucleotide

Q) Phosphate group (PO,)

(i)  5-carbon sugar (pentose)

(iii)  Nitrogen bases
Nitrogen Bases are:

(@) Purines i.e. Adenine (A) and Guanine (G).

(b) Pyrimidine i.e. Cytosine (C) and Thymine (T) in DNA and Uracil (U) in RNA instead of
Thymine.
In nucleotide nitrogen base is attached to carbon number 1of pentose sugar.
Sugar is:

(@) De-oxyribose in DNA.

(b) Ribose in RNA.
Phosphate develops phosphodiester linkage.

Formation of Nucleotide

o Levene concluded that DNA and RNA nclecules-ars T\?de-. of r.'ep'ef;tti:ng uniis=eailed
nucleotides. - "

o In a nucleotide, nitrogen b sel |c Clf ccr &t ar; qn' Jf pentise sumr

o Phosphan group is-attachec, tccarbcn humiser 5 of-tie sugar.

o In a polyrucléctica, ptospt: ate is-attazted to carbon 3 of one sugar and carbon 5 of other.

o Linkage|isicovalent Lord'aeveloped by dehydration synthesis involving removal of water

o [T .Rv"mt-m phaysner still has reacting phosphate group (5) at one end.

' 'V,',‘rk of Eiwin Chargaff

Erwin Chargaff showed that in DNA amount of adenine is always equal to thymine and
amount of guanine is always equal to cytosine.

It also implies that there is always equal proportion of purine (A+G) and pyrimidine
(C+T).
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Work of Franklin and Wilkins

X-ray diffraction analysis of DNA was done by a British chemlst r‘-,ual'no Fra |' 5 iny

laboratory of British biochemist Maurlcev-ur(lns -_ "N [ (2 \D —

He bombarded a molecuie of IL'\'-\ \’uul beam <3ra /s' r-he‘e rays were bent or
dlffracted !vfe recorded dlf Fra-“tro‘l )artern on ;r OtUGTPr)hu, fllm and |nd|cated following

points.— | |1 AR

Q) Itisa th"ee 1|r-1en"|cnd| rr"“le(,ule
(i3 | T ||t '~=|he X sr.aped. Diameter of helix is 2nm and of complete helical turn is every 3.4nm.
| .i‘_‘_

T

uo—T W A HO nl e
iyl @c’
OH H OH OH
BPeoayribose Ribese n
(ONA only) (RNA only)
ot
o T = Fig. 20,10 Numbering the
O carbon atoms in a
nueleotide,
NH; Phosphate o Pz
Sy e (o)
N’a ’ﬁ/ \ BT /’1\‘ Sz
e ‘l\,z;" %), nc— &ﬁ)i\ /u -
\ N/ *
L]
| Ad Guans j
I
Parines

I}
Nf';‘;f— [T S T é\ il 7e i Yargtn

Hy

Fig, 20.9 Nucleotide subunits of DNA sod KNA

sugges_fed thic Gouksig he Ilca'- ernape
Fig. 20.11 =
A Ph .-npr\rmllrskr hl ol

| LY
FBNA L -i—

— -—|| . ______'.7

What is the -three dlrvc'm )na1 cna-pe J\f DI\A? I|—|or oes three cumensmnal shape of
erte'c-*‘*ote on (‘1 nerr |Lal r‘ratw,r“e\ei DNAT (SWL 2021)
DIS“'ISS rche“nrral nature-uu DNA with reference to nucleoside and nucleotide

L

| N r#r‘)cw - (LHR 2022)

DNA fit with Chargaff’s observations on the proportions of purines and pyrimidines
in DNA. (Exercise Question ii)
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o,c‘\&}c—ﬁ o”&lvg Su o” : +/ ‘C\n
lll H H
Cytosine Uruell Thymine | ;
| (RNA only) (DNA only) | ‘ T
Pyrimidines it [r Fig: 20. 12X- -ray diffraction parterra AR



Chapter—ZO Chromosomes and DNA

20.4.2 Double Helical Structure of DNA (Watson and Crick’s Model)
Presentation

Watson and crick two young researchers |n Unlver3|ty of Cer: 1b|~dge wsiked or nelicai
structure of DNA molecule. E

Salient Features

(i)
(ii)
(i)

V)
V)
(vi)

DNA is a simple double helix withthe basis o; WG strarids pomteu inward towards each
other form; ng, base pati-

Base peir¢ alv rcys U)n a.n nurings-which are large pointing towards pyrimidine’s which
are sinal!.

CDiameter-e? DNA molecule always remains constant which is 2nm.

A duplex DNA molecule is composed of two antiparallel strands, one chain running 3’ to
5’ and other 5’ to 3°.

Base pair are planar (flat) and stack 0.34 nm apart due to hyperphobic interactions
between bases.

Two helices are stabilized with hydrogen bonds. Adenine forms two hydrogen bonds
with thymine while guanine forms three hydrogen bonds with cytosine consequently
adenine and thymine always occur in same proportion in any DNA molecules as well as
guanine and cytosine because of this base pairing.

Fig 20.13 DNA"is a double helix

QUESTIONS RELATED 7 ABQME(RH; ﬂp]!:' [ | =i

Write a note on Watson and Cric k modﬂ oy, DI\'A
- G RIA! /’)ld, LHF 2021, GRW 2021)
Descri'se important featurns Jf :Natspﬁ :'ic_Fr rodel of DNA structure. (DGK 2022)

20.4.3 DNA Rpbticayynigl

As cell .epmduces DN \hlgo repllcates

Mogzis|of.CINA| Replishtion

l) |
2)
3)

'\ Thies riethods had been presented to explain DNA replication. These are

Semi-conservative method
Conservative method
Dispersive method
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1) Semi-Conservative Model
It is most accepted model and was presented by Watson and Crick.
According to this method: [ |
1) During unzipping of DNA molecuiz, the twio-s: romm of tile ! dLDIG) teparats out each
acting as a model or mold template: | |
i) Appropriatemcomplementary nuclzotidzs get) assemnled on the exposed single strands to
form o caugiiter-complexas witlitire sama-sequences.
In this prdcasy, gy separation.ey two strands, primary structure has been conserved while
sexordaty siru swire ias been disrupted. It means that sequence of original duplex is
L Lonserizad:the duplex itself is not.
2) ' Conservative Model
The conservative model stated that the parental double helix would remain intact and
generate DNA copies consisting of entirely new molecules.
3) Dispersive Model
The Dispersive model predicted that parental DNA would become completely dispersed and
that each strand of all the daughter molecules would be a mixture of old and new DNA.
Introduction
The three hypothesis of DNA replication were evaluated by Mathew Meselson and
Franklin Stahl of the California Institute of Technology in 1958.
Experiment
Step | — Growth of Bacteria in Artificial Medium
They grew bacteria in a medium containing heavy isotope of nitrogen, N*°, which
became incorporated into the bases of the bacterial DNA. After several generations, the
DNA of these bacteria was denser than that of bacteria grown in a medium containing the
lighter isotope of nitrogen, N'*. Then they transferred the bacteria from the N*> medium
to the N** medium and collected the DNA at various intervals.
Step Il — Ultracentrifugation
They dissolved the DNA in Cesium Chloride and then spun it at a very high speed in an

ultracentrifuge. DNA strands of different densities got separated. The enormous -
centrifugal forces generated by the ultracentrifuge caused the cesiurilong to ifigate) ||

towards the bottom of the centrifuge tube, rrnatlng a gradiericay ;. CsCll rln"l rhus of densiiy.
Each DNA floats or sinks in the grgdient untit-ii r:ad es\ the hozitign \where-its den3|ty
exactly matches the density, of G3C1 thera. Rechuse \IN™° strands dre denser than N
strands.-they mlgrate ‘u.*her down tha\ tuhes t) a_dermser region of the cesium chloride

gradielit-
Observations -
o i he DNA cr'lle Lod |mmed|ately after the transfer was all-dense.

PR | \Alfier tiie bacteria completed their first round of DNA replication in the N** medium, the

density of their DNA had decreased to a value intermediate between N**-DNA and N*-
DNA.

o After the second round of replication, two density classes of DNA were observed, one
intermediate and one equal to that of N*-DNA.
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Interpretations

land ]

Meselson and Stahl interpreted their results as follows: ' =2
o After the first round of replication, each daughter DNA duplex \.'a, ? If"blld powesf,rm
one of the heavy strands of parent maleculc and ene; nqr't L
[ ]

When this hybrid duplex:ieplicates, it t,untmnuteo anes neavw sva1d to form another

hybrid duplex and one Ilgh sxrandt)h rr.a |gL1 dhple

Conclusion 74}

! .". ~ i
) 4| I | T Top of vt Rounds of
tube replication
N'* bund | o

This expur mant cmaL-I) confrn ’\gr

= Bottom of tube

-

Hybrid
band '\
S 1
Hybrid
band
+N'" band o

Fig 20.14 The key result of the Meselson and Stahl experiment. The bands on the
left side of the finger shown N DNA which heavier and is present towards the
bottom of the tube. The middle bond is a hybrid DNA band of N** and N* and
hence lies above the N™ band. This is after first round of replication. In the
second round of replication, two bands are visible one at the level of hybrid band
and the other lighter band which is N** band.

DNA
Bacterial cell

1. Bacteria were grown in
T a medinm containing «
be‘v\ sotope of nitrogen.
2. Bactevia were then
allowed to grow o

medinm contaluing &
Ibfh( lsowoe of

_{ ('4'.9 g ;‘.9

= e--yu at s q-mpae at Sampie at
O minutes minutes A0 minutes

T At variouns tinsss] lbe
I AN A fros-alie feriats -Iln'l

- - w
s o S o o] -
1 _____ || A 1 |
1 L] 1 f ihe \.wl'p ;-uq_.\en 1!'(" A
|I ' | | la rtel;l'pm “htoridie set! wthu | II |
|
- :I-- I'. = '| '. | e
i | e W % 1 T
et AT T (% R ;'.E-pﬁ-f. ." Centrifagation
=1L 1) 1L LA | I'| L e
L \ 1 Lo
TRLTRATE T P g - i
- : L II A - |
AN IR
Y '\._I "- % b ‘ x4 g
Jod NN i _
i |
| AN | |
Y - R 2 e .
Countrol group abeled parent " ration DNA

L= gene:
DNA (both strands (n-- beavy/light
heavy) yhrid molecule)

Fig 20.15 The Meselson and Stahl experiment evidence demonstrating
Semi-conservative replication.

t-uuw DNA)

Beavy/light hybrid ml-cnlc)

the predlctlon of Watson-Crick model that DNA
repllr‘ates mr a semt (_or&r vaiive manner.
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QUESTIONS RELATED TO ABOVE ARTICLE
Give Meselson-Stahl experiment to show that replication of L)I\A IS 9B,
conservative.
Explain Meselson — Stahl experirirent for, DNAwenlicatior!, '(CRV\v' 2021,5GK 2019)
How did Meselson and Stal'il shevitheat BINA, *epli":a'f'.i')n isisemil-conservative?

" (MTN 2622, RWP/201¢, MTN 2021 .$GD 2021, RWP 2021, MTN 2022)
How aigt:NMeselsarand Stahl >"10\.' that"'SiNA replication is semi conservative?

(Exercise Question iii)

b0 4810 ikeplichliok Processl

" rne-DINA replication begins at one or more sites on the DNA molecule, where there is a

specific sequence of nucleotides.

Enzymes Involved

1)
2)
3)
4)
1)

2)

3)

Enzymes that have important role in DNA replication are;

Helicase

Primase

DNA polymerase

Ligase

Helicase

It is involved to unzip/ open double helix of DNA.

Primase

It constructs an RNA primer, a sequence of about 10 RNA nucleotides complementary to
the parent DNA template.

The RNA nucleotides in the primers are then replaced by DNA nucleotides.

DNA Polymerase

It catalyzes the addition of nucleotides to the growing complementary strands of DNA.
There are three DNA polymerase namely |, Il and 111 in bacteria.

DNA polymerase 1 is a relatively small enzyme that plays a supporting role in DNA
replication.

The true E. coli replicating enzyme is DNA polymerase I1l. Different features of it are as .~

following:
It is 10 times larger and far more complex in terms of structuze:l ™ | |
Enzyme is a dimer and catalyzes repiication of o DNA; s rom SN

Polymerase 11 progressive: Iy threads the BNA, \hrough he erzy me complex moving at a
rapid ratn SOme 1000 7ueleotin! ecl secaid. -

It can & nuclerude th ¢ ,ham ¢l nucieotides that is already paired with the parent
strand. ' !

FFoulbennotinitiate ayntﬁesis on its own.
' | “"CINA polymerase 111 recognizes the primer and adds DNA nucleotides to it to construct

the DNA strands.
It can add nucleotides only to the 3° end of a DNA strand. It means that replication
always proceeds 5> — 3’ direction on a growing DNA strand.
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Mechanism

)
i)

i)

iv)

Because the two parent strands of a DNA molecules are antiparallel the-iiev strands @re, ) | || I\

oriented in opposite directions and therefore the new strans S rrudt e el)ngaced o
different mechanisms. | ) AL N
Leading strand, which elsingates ff)WB'uo the rep |cnuo|1 :or <, s Dum up simply by
adding nucleotides contlnu uply e its'gro Vmg 3 ena
Lagginy atr) and, ~which™ e]ongde& ayvay from e repllcatlon fork is synthesized
discont:# Lcus'I) af & serizs\of shert shginents that are later connected. These segments are
called ¢ kamkr 1 raqrner rt‘ Tliese fragments are;

1010200 nuclectizes long in eukaryotes.
lﬂOf‘ -2500 nucleotides long in prokaryotes.
Each Okazaki fragment is synthesized by DNA polymerase Il in 5° — 3’ direction,
beginning at the replication fork and moving away from it.
When the polymerase reaches the 5’ end of the lagging strand, another enzyme, DNA
ligase, attaches the fragment to the lagging strand.
The DNA is further unwound, new RNA primers are constructed, and DNA polymerase
Il then jumps ahead 1000-2000 nucleotides (towards the replication fork) to begin
constructing another Okazaki fragment.

T Xend S'end

T
origin
New
Template
strands @ strands 't":':::n :‘:x‘d& o

the growing
DNA strond

. Parcauat
strand

a: Daughter
W strand

structure of DNA polymerase G

T First sabunit of

DNA polvmerase (11

Single-strand
binding proteins

Parental
DNA helix

strand
NA polymerase | DNA polymerase (11

Fig 20.18 Molecular

DNA llzne

111 complex Fig 20.19 A DNA replication fork
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QUESTIONS RELATED TO ABOVE ARTICLE

Sketch DNA replication fork and label. (No description) : .
Explain the process of DNA replication with the help of.a-diagia | L (LHR251
Describe the replication process si-DNA. L MFSD202%54~5SD 2022)
What is the basis for the| reauwement that the fzading _anc lagging strands be
replicated-wi/ different-mechianisnis? | (Exercise Question iv)

A O e WA GENE, ]

HISTORY OF DISCOVERY OF GENE AND ITS ACTION

Wareor Gerrod arid Eateson

|14 | “Arenibaid Garrod and William Bateson concluded in 1902 that certain diseases among

' their parents were more prevalent in particular families.

Investigation of Garrod
Garrod investigated that in alkaptonuria the patients produced urine that contained
homogentisic acid. This substance oxidized rapidly when exposed to air turning the urine
black.

In normal individuals homogentisic acid is broken down into simpler substances.

Conclusion
From this Garrod concluded that patient suffering from alkaptonuria lacked enzyme
necessary to catalyze this breakdown. This enzyme deficiency was considered to be due
to inherited disease.

Garrod’s findings somewhat showed that information encoded within the DNA of
chromosomes acts to specify particular enzymes.

Work of Beadle and Tatum
George Beadle and Edward Tatum from Stanford University in 1941 provided definitive
evidence that genes are involved in production of enzymes, while working on
Neurospora.

Experiment

Q) They exposed Neurospora spores to x-rays expecting some changes in their DNA. These
changes were mutation and such organisms with changes were mutant.

(i)  They allowed the progeny of irradiated spores to grow on a defined medium contammﬂ
all of the nutrients necessary for growth.

(iif)  They placed subcultures of individual fungaicells on.a '“.-mman moviu m [r ‘gt irraiiiated
spore for metabolic deficiencies ! ;y mutatoris; Mlmmol mtdl i CCﬂta:- <d only sugar,
ammonia, salts, a few vitarmiirs asma Wwater. '

(iv)  Cells thatinad lost-theaility'io/méke 7tt o con peunds necessary for growth were not
able to sdnlivi bnginis| rTQd'Lm
Further Tthey: igolata many g.owth relations of DNA with enzyme deficient mutants and
(np \uded that-a'gene is involved in synthesizing an enzyme.

J ' 5*11 ifmadon
L I |

Later researchers confirmed this by adding various chemicals to minimal medium. This
procedure pin pointed the nature of biochemical deficiency that strain had.

For example, addition of arginine permitted several mutant strains, dubbed arginine
mutants to grow. Further arginine was found in three areas on chromosome.
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Conclusion

From all investigations especially of arginine, Beadle and Tatum founc-that there Wi & \!

specific site for each enzyme on chromosome. Different strains oot;uﬁed an‘el |rmdlr. g
showed that for each strain there was change atenedite, A

Beadle and Tatum concludec that Genes preduce theiir 2ifetts by si si e |fy|ng the structure
of enzymes-and that e2ch'gens entodes The s._ruc_tl,u-’ o1 one enZyme. They called this
relationskip ong gme ore Gr zyme nynothiesis.

X-rays of ultaviolet light

j I | WM ’ Neurospora

y Asexual \ l
Spoxes Growth
?
Minimal = s ~ on complete

|
|
medium !

medium

i
Products of ——{ (il *
one meiosis Meiosis |

Select one of
the spores
»
| Grown on
Test on minimal 4 compléte medium

. medium to confirm
presence of mutation

@ = P
{1 | | { ‘
| \ | 1 i | I | | |
& { ! :
; 1 F ]
] { l
S \ ; 7 7 o
Pyridoxine Choline Nucleic Arginine Riboflavin Minimuat
acid contiwt =Tk
p-Amino Inositol Folic Niacin T_hinn;iu.'.; ¢ - o=l |

benzoic acid acid —_ [ | e L
. % 1 " ‘l i .. ] o et |
Fig 20.20 Beadle and Tatum’s proced::ze for ishlating-nufrizionai rautar#s in Neurgseora
L | = b 1 1 ! ! " o | —
1 LA "_ 1N ll_ .ll \ |
-I_ 1 I -I 1 -._ ll 11 L |

ERloUES [TOR RECATADFO ABOVE ARTICLE]
Descrltn xhn warh of Bead tle-and Tatum on Neurospora.
v\,hat hy puthe izt beadle and Tatum test in their experiment on Neurospora?
| N N Ui (LHR 2018)
WYY Explain work of Beadle and Tatum on Neurospora with help of a figure.
(LHR 2019, SWL 2019)
What hypothesis did Beadle and Tatum test in their experiments on Neurospora?
(Exercise Question v)

LT LY
1 i
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20.5.1 One Gene-One Polypeptide Hypothesis
As many enzymes contain multiple protein or polypeptide subunits.-2ach éncodeit "5, a
separate gene, the relationship is today mare commonlhyet ‘rrtd. tu as nnv Qerie- Hn

polypeptide.

Chromosome —

e

Encoded enzyme ' ‘ l ‘
Substrate in

biochemical
pathway

& @ s
e >— D — D —

Gene

Gene N\ \Cer
Avster i : clister? cluster 3
- ' A==

o

s

Fig 20.21 Evidence for the “one-gone/one-polypeptide” hypothesis.

QUESTIONS RELATED TO ABOVE ARTICLE
Explain briefly one - gene / one polypeptide hypothesis.

20.5.2 How DNA Encodes Proteins Structure?
Work of F. Sanger

In 1953, an English biochemist Frederick Sanger described the complete sequence of
amino acids of insulin. Sanger’s work showed that proteins have definable sequence of
amino acids.

Work of Vernon Ingram

Cause

Vernon Ingram in 1956 discovered the molecular basis of sickle cell anemia.

He showed that sickle cell anemia is caused by a change from glutamic acid to valine-&
single position in the protein. Alleles of the gene encoding hemoglocin.differed| ¢niy *n'
their specification of this one amino acid irtre hemoglain.aniino azifl ¢ hain. | o= '
For example, the critical change Iead*ng te-sicicie ceil diseaselis\a rautation that replaces a
single thymine with an aczni nr (t p(smun tha ca es fhr ghutamir‘ acid converting the
positiciT L.;vclmﬁ T

"
.,

Conclusion

Thesa studiés fovy tha: t. ic characterlstlc of sickle cell anemia and other hereditary traits

11 adafined by-thanges in protein structure brought about by an alteration in the sequence
&+ amino acids that make up the protein.

This sequence is dictated by the order of nucleotides in a particular region of
chromosomes.
The sequence of nucleotides that determines the amino acid sequence of a protein is
called a gene.
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Normal hemoglobin B chain |

e 2 a1.2% N l -
Valine ==~ Histidine - Leucine == Threonine ==~ Proline —' . lul.unu l::(‘:(']"" o |
Sickle cell anemia hemoglobin B chain - |
alive beed Hicsiding b Y Glutamic |__
Valine Histidine Ley tll- L:r: 1r1_ :m’xm .l— m acid

Fig 20.22 The molecular basis of a hereditary disease, sickle cell anemia.

20.6 CELLS USE RNA TO MAKE PROTEIN

ROLE OF RNA IN PROTEIN SYNTHESIS
All  organisms  use  basic
mechanism (central dogma) of
reading and expressing genes.
Genetic information resides in
DNA and then flows into RNA
and then into proteins

Mechanism of Central Dogma
Two major steps are involved
which collectively represent gene
expression.

First Step
First step is transcription during
which information is transferred” |

e A\ (V@Y
from DNA to mRNA \ A '_ . i _
(i)  Enzym& BNA _nsiyrerase binds, | |\ Tt

—L ) y 4 al .

At~ 2ir Al ) I~ d Protein
to a partzile _Ib;_dmg “-‘t?: raile Fig 20.23 The central dogma of gene expression
proirjoter \lbcatad) ‘wpstream  of

'yu.i:;_h Wl fritiates transcription.

Transtation

('fi') ‘The enzyme moves along the strand onto gene and mRNA is synthesized.

(i) At other end of gene (stop signal) enzyme disengages itself from DNA and releases the
newly assembled RNA chains.
This chain is a complementary transcript of the gene from which it is copied.
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Second Step
Second step is translation during which -
Q) Information is transferred from mRNA to pretein. \ N S

(i) Ribosomes are attached to.mRN. A\ at whwh .1mlnn tud ire ar 'anged A sequence to
manufacture polypeptide c. 1ain. ' - '

Types of RNA™ _

Q) Ribosofiial RNA rerf) _
It is-founa, i 1hosomes. uuring translation it provides the site where polypeptides are

Tesserhbled.

(i | iraaster RNA (tRNA)
They transport amino acids to ribosomes and arrange them at correct place in sequence to
build and elongate polypeptide chain.

\ Amine acid

attaches here

Activation
Enzyme
Recognition site

---

-----
T

® Anticodon

Fig: 20.24 The structure of tRNA
(a) two-dimensional schematic
(b) three dimensional structure

Human cells contain about 45 different kinds of tRNA molecules.
(ili))  Messenger RNA (MRNA)

These are long strands of RNA that are transcribed from DNA and that travel to the ="

ribosomes to direct precisely which amino acids are assembled into pohvpeptides. /=

!’ |
What is the role of RNA in proteln synthcqs’? \ Ce! SRR -
Definition - Vo .
The procefs thiotah ,v‘mh ar F%“NA LO"‘\/ or Lhe DNA sequence encoding the gene is
producéd v th theihelp of ewvnne RINA polymerase.
Feature" 0i RNA oolvme“&

o f J [\ #“ > 'y emy one type of RNA in prokaryote which is responsible for the synthesis of all
IS Nie three types of RNAs ie. RNA, mRNA and tRNA.

5
1 i

. On the other hand, there are three types of RNA polymerases namely RNA polymerase I,
which synthesize rRNA, RNA polymerase Il, which synthesizes mRNA and RNA
polymerase Il which synthesizes tRNA.

J The RNA polymerase enzymes synthesize RNA from 5 — 3’ direction.
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Mechanism of Transcription

Only one of the two strands of DNA is transcribed.

The strand, which is transcribed is called template strand or antis n<e :L"dnj

The opposite strand is called coding strand;ol; sense straing.

Transcription starts at the RNA poly merase h”]d'l OE |te c1|‘ec prol qoler on the DNA template
strand.

o In prokarysiv within premcter, thare aie tv/o !on'urm sites. l'hese af‘e
TTGAZA alspicdilea (35 ‘E']Uf"'lCt.

TATAATs2guende ‘aldo'callad'-18-sequence.
o In esikaryoies, ihese gites are;
- _"'I BSACA at'=25 sequence.

[ “IATAAT at -25 sequence.

Different steps involved during transcription are as follows;

1) The binding of RNA polymerase to the promoter is the first step in gene transcription.

i) One of the subunits of RNA polymerase, sigma factor, is responsible for correct initiation
of transcription process. Once the transcription has started, the sigma factor is released
and the remaining part of enzyme (core enzyme) moves over the template strand and
completes the transcription of the gene.

iii)  The DNA strands open up at the place where enzyme is attached to the template strand
forming transcription bubble.

iv) The transcription bubble moves down the DNA, leaving the growing strand protruding
from the bubble.

V) The stop sequences at the end of the gene terminate the synthesis of mMRNA. The simplest
stop signal is a series of GC base pairs followed by a series of AT base pairs.

vi) The RNA formed in this region forms a GC hairpin followed by four or more U
ribonucleotides. The hairpin causes RNA polymerase to stop synthesis.

RNA polymeruse

RNA-DNA bybrid helix
Fig 20.25 Model of a transcription bubble . |-

| &, )
=

Fate of mMRNA % | v,
o In prokaryote (bacteria), the newly sy nmesueeI m FNA s di ecfly re%eased Into fhc eytoplasm
o In eukaryotes, it has to iravel large, distance 'from indid? thwve nucleus to ribosomes

outside in the cytoplasm T he eukalyo ¢ MK NIALiS tharatore modiiied in several ways to
aid this J(;L rnay.-A cap-and 1tall &x;e acmd so-that the molecule may remain stable during
long j Jo:urev {n rlbo?omes ,

1) The capis ity form o] 7 mied) 1y1 GTP, Wthh is linked 5’ to 5 with the first nucleotide.

i) ] ai] s in the\fortaof poly A tail linked to 3” end of the RNA.

F =

| Thesk Caps and tails save the mRNA from variety of nucleases and phosphatases.
|
Discuss the process of transcription.
(GRW 2017, BWP 2019, SGD 2019, MTN 2021, BWP 2022)
What is transcription? How it is carried out in cells. (LHR 2022)

Write a note on transcription along with a neat diagram. (SGD 2022)
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20.7 GENETIC CODE .

It is the code which specifies a particular amino acid in a polypeptide chin/piotein;—
Triplet Code . YN Vn
The genetic code is a triplet code. \ 1 \RAR '
Triplet code is a combinationio e nuctectices, which -sp?céf’} a pa'ticular amino acid.
Readingan tr'._plet cedeoccuns ¢onidintously withcut unctuation between the three nucleotide
units. \\ o ARA
Thus, thare are thrée nucieorides in a codon, because;
¢ 4N twoueteotide codon would not yield enough combinations to code for 20 different
.| ‘amino acids that commonly occur in proteins. With four DNA nucleotides (G, C, T and
A) only 42 or 16 pairs of nucleotides could be formed.
o The same nucleotides can be arranged in 4° or 64 different combination of three, more
than enough to code for the 20 amino acids.
Testing of Genetic Code
After Crick’s initial experiments, Marshal Nirenberg, Philip Leader and Hargobind
Khorana tested all the 64 codons by making artificial mMRNAs and triplet codons and
using them to synthesize a protein or aminoacyl-tRNA complexes in cell free systems.
Examples of Genetic Codes
The full genetic code was determined during mid 60s.
o Out of 64 codons, three codons UAA, UAG and UGA do not code for any amino acid
and hence are known as nonsense codon. These codons are usually present at the end of
the gene and hence are also called stop codons.

o Every gene starts with initiation codon AUG, which encodes the amino acid methionine.
Table 20.1 The Genetic Code
Second Letter
E First lefter U c A G Third letter
u buy phenylalanine et Serine UAU Tryosine UGU Cysteine u
uue uce UAC c
Ucc ,
UUA  Leucine uea UAA - Stop ~H40A1 Stap | (LA
ucG 236G e TNNUB) [T "7
UuUG \ -, S VN Y [Tiygronkkes
C cuu Leucine ccir | prelink [ (TCAUL | \Histintne 06V | Arginine U
R T WA A W L L L Le 7
CUA [\ | — T mcea )N G Glutamine  CGA A
cuc =l N R IR CAG CGG 6
A atur| Tsclgudine! ' ACU Treonine 44U Asparagine AGU Serine U
) & S @] | AR ACC AAC AGC C
" s AN -'\'_. ——————— . . . . - .
Y| NAVA- T Methionine;  ACA AAA Lysine AGA  Arginie A
y | AUG ACG AAG AGG G
Start
G GUW  Valine GCU  Alanine GAU  Aspartate 66U  Glycine v
GUC GCC GAC GGC c
GUA GCA GAA Glutamate GGA A
GUG GCG GAG GGG G
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Universality of Genetic Code

The genetic code is universal. It is same in almost all the organisms. _ =2 1M
For example, AGA specifies arginine in bactPrla in human.ang aI. cther srdanisms whids
genetic code has been studied. '

Because of the universality ¢f codes, the g2nes can'be! [ravsinrred frbm one organism to
another arg-ne successfully, trarse rmed angl t-aristated i tieir new (ost.

Non-Universelity,of, GGenatic 2ol

The stu'jy of gEnetic . ode of ‘miiochondrial DNA showed that genetic code is not all
Linive rsal. ;

.
I=ow raininl

20.8 TRANSLATION

UGA codon is normally a stop codon but in mitochondria, it reads as tryptophan.
AUA was read as methionine instead of isoleucine and AGA and AGG for termination of
protein synthesis is instead of arginine.
Thus, it appears that genetic code is not quite universal.
QUESTIONS RELATED TO ABOVE ARTICLE
Why genetic code called as a triplet code? How it is established and proved? Explain
different types of genetic codes.
Write a note on genetic code. (LHR 2021, RWP 2022)

Definition

Process by which decoding of mRNA occurs by tRNA arranging amino aids in sequence
is called translation.

Role of tRNA

tRNA molecules carry amino acids to ribosome/polysome. tRNA contains anticodon, by
which it is arranged on specific codon of mMRNA transferring amino acid to ribosome to form
polypeptide chain.

Mechanism of Translation

1)

Different steps occurring during translation are as follows.
Formation of Aminoacyl-tRNA

An activating enzyme called aminoacyl-tRNA synthetase attaches particular tRNA tn = )

specific amino acid.
For 20 common amino acids, there are appreximately 20-sucii a“\zy nue'
Joined structure formed by comblnat! Jrf ’Jf tRI\A ¢hy |u an} |n ) acml xs cali od a'nl ‘nQCyn-[RNA

Tryptophan ¢
Mtae o Sy e—
mx’?"‘ RNA"™ binds to UGG

Fig 20.26 Activating enzymes “read” the genetic code
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s Ehitre process is repeated again.

Formation of Initiation Complex

In prokaryotes, polypeptide synthesis starts with the formation of initiaticii cemplexz
Fist tRNA molecule carrying a chemically modified methioniiie: (N-toimyl metaionine)
binds to small ribosomal subunit. This is aonz by arproteir-called witiacica facio,. tiRNA
is attached on P site (pepticy! site) where-geptice hond will develop.

Two other sites also develcp algngvyita P Site onrikesoin.These ere’

A site famintacyl.site) Tor riext amirioacyl-tRNA.

E site (estit'site), foraxit of pmpty tRMA,

All thes? changes give Tiveicrnitiation complex.

Al ntwer initlatioa-factor guides this initiation complex to AUG on mRNA.

Leader “ Initiation #

sequence fuctor,

Small ribesomal subunit Initiation
(comtaining ribosomal RNA) {actor

Fig 20.27 Formation of the initiation complex

Elongation of Polypeptide Chain

Initiation complex has formed and the large ribosomal subunit binds tRNA molecule with
appropriate anticodon.

Another protein called elongation factor assist in binding it to the exposed mRNA codon
to A site.

The two amino acids, which now lie adjacent to each other, undergo a chemical reaction.
This reaction is catalyzed by large ribosomal subunit, which released during initial
methionine from its tRNA and is attached to second amino acid through peptide bond.
Another elongation factor translocate ribosome in 5° — 3’ direction on mRNA to next
codon. This movement translocates the initial tRNA to the E site and ejects it from the
ribosome, repositioning the polypeptide chain to the P site and exposed the next codon on
the MRNA at the A site.

When tRNA molecule recognizing that codon appears, it binds to the codon at the A site, placing
its amino acid adjacent to growing chain. The chain then transfers to the new amino acid.

Initiation complex

Elongation
factor (pN

) Flg 20.28 The translocation process

Termination of Polypeptide Chain

Elongation of polypeptide chain continues until a chain-terminating nonsense codon is
exposed (e.g. UAA).

Nonsense codons do not bind to tRNA but they are recognized by release factor proteins called
release factors. These release factors release the newly polypeptide from the ribosomes.
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Pnrypeptuc ]
chain releas l — )
.(R ' \.3 w
4 { \RE

Wi 2N\

i swg ‘ 303" e ol
1 _‘_ i
F|g 20 29 Termination of protein synthesis

NI QUESTIONS RELATED TO ABOVE ARTICLE
Dlscuss the process of initiation of translation along charging of tRNA.

N

Describe the process of translation in prokaryotes. (LHR 2019)
How cells use RNA to make Proteins? (BWP 2021)
Explain process of translation. (FSD 2021)

209 MUTATIONS
Definition
A permanent change in cell’s DNA is called mutation.
The cells of eukaryotes contain an enormous amount of DNA. If the DNA in all of the
cells of an adult human were lined up end to end, it would stretch nearly 100 billion
kilometer, 60 times the distance from Earth to Jupiter.
Causes of Mutation
Changes in DNA occur due to:

)} Mistake in replication e.g. spontaneous pairing error.

i) Damage to genetic message e.g. by mutagens usually radiations or chemicals. Mutation
due to chemicals is important in industrial societies.

Mutations in Somatic and Germ Line Cells

o Mutation in somatic cells do not pass onto offsprings and so have little evolutionary
consequence.
o Mutations in germ line cells are passed on to subsequent generations thus providing the

raw material from which natural selection produces evolutionary changes.
Classification of Mutations .

Mutation can be classified as: . e~ ] _ _
1) Chromosomal aberration - - T 4] IR N e
2) Point mutation \ : = AR ' -
1) Chromosomal Aberratior;

These frg inega-ckian Jes a“].“i |nvuLves

o Presencg o e>t a Shro, noscme fr i pI0|d number
o Lossof & chrorm' )snn e
[T .IIJ 2ielion’
0 Mnsertions
> Inversions
Examples

Common examples due to chromosomal aberrations are Down’s syndrome, Klinefelter’s
syndrome etc.
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2) Point Mutations -
These are mutational changes that affect only message producma mcmflons i thc._
sequence of DNA nucleotide. =i \ il
Most of the point mutations involve: (R Lo v
o Alterations in coding sequziize of tné or.iiiure tas 2 palrs- o
o Spontaneous pairing errors durrnq DI\A rep; |c1uo| or by.riutagers-usually chemicals or
radiations., : :
Examples : \ \ -
Slck!n callianemia‘ar d ,)r er ynKetonurla are well known examples of point mutation.
o Sitkle CalllAnbisia
(TN _Pl)m rutation in it changes glutamic acid to valine at position 6 from N terminal end in
MY hemoglobin B chain. It alters the tertiary structure of hemoglobin and it fails to carry
- oxygen.
i) Phenylketonuria

In it phenylalanine is not degraded due to defective enzyme phenylalanine hydroxylase.
Phenylalanine consequently accumulates in the brain cells leading to mental retardation
as the brain fails to develop in infancy. This disorder is because of point mutation.

Table 20.2 Types of mutation

NO MUTATION
Normal B protein is
jsm = —wom produced by the B gene.
POINT MUTATION
Base substitution B protein is inactive
because changed
Substitution of
or & few bases - amino acid disrupts
function.
Insertion bneumni is Ir.t:iﬁ"
Addition of use inse
- oneof s material disrupts
: few bases proper shape.
Deletion Eeparotdnhinnt;i‘w L
Lass of use portion - st Tannn!
7 u.."b:s:" protein is missing. ) - = '
. . F ) [ I| - ) L l_ 3 -
- |1 L\ h | ._.-. -
| | 1 1 :\._ -,I L Lol \ 1 |
CHANGES N CENE=gaTioy || A |\ :dl Yol
- L THR L e ar 1! g L
o |:|w. X Tn.";“'w W H I'. R .'--'I_ i lb—g;';e - ted
LR | o) ™ differently because of
=N \ mt S S Beage n grae preition.
b 1 1
8 LY U hromesomal rearrangement B gene may be
AT /| y | [I' - == = inactivated or
| W —— regulation differently in
' its new location on
puN g chremesems.

QUESTIONS RELATED TO ABOVE ARTICLE
Write a note on mutation.
What are mutations? How are they classified? (SWL 2022)
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KEY POINTS .

F1 generation o
First filial generation. The offspring producsd as a result-si Crss Dietwesn-twh Rarenis s

called F; generation.

F2 generation _ ALY
Secona=filial! ¢engratinr;. Thel cross hatween progeny of Fy is called F, cross. Their
proginyiisicallad Fo gn!:e.dfion.

| ;I(L.'F‘a)',i«i;ﬂra:tnon'

It is a technique in which crystals of a compound like DNA are formed. X — rays are
cpassed from these crystals. These are scattered in different directions. The pattern of
scattering is measured. A model of a compound can be formed from this pattern.
Okazaki fragment
These are small fragment of DNA. These are synthesized on lagging strand. This strand is
3’ to 5°, while the direction of replication is 5’ to 3’. So replication takes place in
fragments in lagging strand.
Minimal medium
It is special medium contain, vitamin biotin, salts, sugars and agar. Minimal medium is
used for culturing of micro-organisms.
Central dogma
The central dogma is the process by which a gene is read and expressed. It has two steps:
transcription and translation.
Gene expression
The expression of gene of a character in the form of synthesis of specific proteins-is '
called gene expression. . SN[ _
Codes and anticodon _ ) ' \ _. A N | )
Codes are present on DN::\ '._ag.d__nR}[A. Vi/hile ar.‘ii_c_i'c;cr.s.ar'é irgsent on tRNA. The
anticod;r»i s opbtjéit_é ot cofj? é,f-thl_JA: The tRNA..recognize its code on mRNA with the
help-of its Tjntiu(')d.(‘ln arid ';et:attached to it.
o ATl 193¢ jr_—_'tl‘:N.". synthetase
J AN) An enzyme that catalyzes the linkage of tRNA molecule to its corresponding amino acids
to form aminoacyl-tRNA synthetase complex during protein synthesis, one of which
exists for each of the twenty amino acids.
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EXERCISE .

Q1
)

Ans

Q2

| TRTAAT

Fill in the blanks.

Particular tRNA molecule become
attached to specific amino acids
through the action of ' activating
enzymes caliad AR'ra

15 the transter @l -

genetic | maerial from, ane cell to
ergher andi.carialter the genetic

“wrlake up of the recipient cell.

In a bacteria, a subunit of RNA
polymerase called
recognizes -10 sequence in the
promoter and binds RNA polymerase
there.

A typical human
contains  about
nucleotides in its DNA.
Miescher extracted a white substance
from the nuclei of human cells and
fish sperm and called this substance

chromosome

i) Aminoacyl-tRNA synthetase

i) Transformation

iii) Sigma factor

iv) 140 million

V) Nuclein

Write whether the statement is
true or false and write the correct
statement if false.

The strand of DNA that is not
transcribed is called thay
strand.

sequence g, pait &f\prornoier, wisere
transpripticn acthaly.stars.  (False)
Sequence called -10
sequence is part of promoter, where
transcription actually starts.

coding
| (e
TATAAT! sequerice - caded <35

i)

iv)

Q3

i)

Rosalind Franklir zarried out -2 x-,
ray diffractiorenelysis of DN/A.

_ | ' " (True)
The ' bese,_tairs [in DNA helix are
piariai and stdack 34 nm apart as a
result of hydrophobic interactions.

(False)

The base pairs in DNA helix are
planar and stack 0.34 nm apart as a
result of hyperphobic interactions.
Encircle the correct answer from
the multiple choices.
MRNA is synthesized by:
(a) DNA polymerase
(b) RNA polymerase
(c) RNA ligase
(d) None of above
Which of the
nonsense codons?
(@) AUG (b) UAA
(c) CUA (d) All of above
Enzymes are responsible for
assembly of:
(a) Nucleic acid
(b) Protein
(c) Carbohydrates
(d) Alla, b, c
In bacteria, the newly synthesized
MRNA is released in:
(a) Nucleus
(b) Cytoplasm
(c) Mitochondria
(dInbandc

AW
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Q4
i)

Ans.

i)

Ans.

Short Questions

What are three major classes of

RNA?

There are three classes of RNA:

(i) mRNA: It carries infgrmation
for protein synthesis 1*om genss
to1ings¢mes \

(i) tRESAL I trarisfers \arning acits—-

to ubn«ome» far! roteins
| synthesis_
"u D_RNAT It is a major types of

RNA and is the

component of ribosomes.
What is the function of RNA
polymerase in transcription?
It is involved in formation of RNA
i.e. transfer of genetic message from
DNA to RNA, according to which
proteins are synthesized. It forms the
transcription bubble.
How did Crick and his colleagues
determined that how many
nucleotides are used to specify
each amino acid?
There are four nucleotides while 20
amino acids are involved in
formation of most of the proteins.
If only one nucleotide (of A, T, C or
G) is involved, then they can specify
only four amino acids.
If two nucleotides are involved for
one amino acids (e.g. AA, GC, AT)
then they can specify only 16 amino
acids.
If three nucleotides are involved to
specify one amino acid (e.g. AAS,

integral

AUG etc) then they can spacify &,

amino acids.which is sufficier it

Thus irom it they: cnnc!Lded :"é!;]a-'f \

genetic uo'ja |' ity & |ph~t (ode.

iv)

_ Ans,

Ans
i)

Ans
iii)

Ans
iv)

Arls
)\

(Ans)

What is anticodon? _
Triplet ccge, present-or tIE\IA iS5
calizd anticodon. it(binds Wit wriplet
soden Hri MRNA duririg translation.

- Amino acid
attaches here

Anticodon

Extensive Questions.

How did Hershay and Chase
determine which components of
bacterial viruses contain the virus of
hereditary information?

(see article 20.4)

What is the three dimensional shape
of DNA? How does three
dimensional shape of DNA fit with
Chargaff’s observations on the
proportions  of  purines  and
pyrimidines in DNA?

(see article 20.4.1)

How did Meselson and Stahl show
that DNA replication is
semiconservative?

(see article 20.4.4)

What is the basis for.th? requiremant | (7 |
iagging| strands! |\

that the leadingraid

be - rep!; n“aml ey | gitierent

'moLham AMiS?
L \ser’ ariicle )O .5

Whai .1ypothu,,.s did Beadle and

“Tatum test in their experiments on

Neurospora?
(see article 20.4.5)
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