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As we have studied in o ur preveous classes that the
nucleus of a oel]l contain a network of chromeatin matenal. When it 1=

placed In a dye thiz material became darkly stalned e made (it
prominent. This chromatin matenal dunng cell-=dpasion condenses to

form specific type of threads called chromosome, We have also
studied about Mendelian imamnary unit of inheritance which he
named factors. [n this chapter we will study about the reality of

Mendelian factors and its relation with chromoesome

22.1 CHROMOSOMAL THEORY OF INHERITANCE
In 18602 Mendel presented his law of

mnheritence but unfortunately at that bme
no one was there to recognize his valueahles
work. He was unaware about the concept of
chromosome. In 1900s and late 18905 5o

many cytalogist work on cellular structure
and chromesome so in 1900 Mendel's work
ot recopnized by three European scientists

Hugo de¢ varies, carl Corren and Erich Von
Techearmark. “With these other scientists

lke Walter Fleming Waldeyer Walter

Sutton, T. H. Morgan and Theodar Boven
alad wWorked on CchifednoSome STructunes,
numbers and behavior durnnmg inhentancoes art Correns

and sexual repreduction

22.1.1 History of chromosomal theory

The German embryologist Walter Fleming (1882} was the first
scientist who put foundation stone for chrmomosomal theory by

discovery of chromoszome. He obzerved the dividing cell of
salamander larvae where he found there thread lke highly stained
bodes and termed as coloursd bodies .=, Chromosome, The other

twa scientists who made major contributicn for this theory, they were
Walter Sutton an Amercan graduate student of E. B. Willson'’s at
Columbia University and Theodar a German hiologist, both

independently observed the behavior of chromosome distribution in
sperms and egps dunng mewosis. They observed that in somatic cell
each chmmosomes are found m oparr bt dunng meosis the
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members of each pair sepregate so the sperm and eggp receives only
one from there W. Sutton observed the cells of Grass hopper and
found that the segregation pattern of chromosomes durnng melosis
matched the sepregation patterm of Mendels penes, so 19002 he
publizhed his fnding in a paper with the title “The chromosome in
Hereditary™. The same [indings were observed by T. Boven that

chromosomes number are reduced 1n half as egg cell matures and
concluded that sperm and ey nucleus have one s&t of chmomosames

rather than as found in all body cell.

In 1890 & German
genetunst Carl Correns, He Talom=res

rediscovered and

independently verfied
Mendel's work 1n a separmte

model OF ganism and

publizhed his first paper on

22 January 190K with the

- tle “Mendel's law

-~y concerning the behavior

of progeny of Racial
Hybrids™, where bOrst hime

mll— Sl A

r he developed thie
4 relationship of hereditary Sintar chromaiich
units snth chrmoamasomes, Fig. 22.1 Chromosoire

Statement and evidences of chromosomal
theory of inheritance

The research of many biologists which
15 discusacd above led to the chromosormal

theory of inherntance first formulated by W,
Sutton in 19202, It states that the genes are

locatbed at chromosomes, which inherit

through chromosomes of gametes cells, 50
chromosomes act as carmers o hereditary,

the theory was supported by following
evidences based on the research of different
Ealognst,

Werlbed Scflie
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1] Sexual reproduction involves the mimitial union of only two cells

2. egg and sperm. If Mendel's model 15 cormect then thess tan
garmetes must make egual hereditary contnbutions, EEErT

however contains little cytoplasm, thersfors, considered that the
Rereditary material must reside within the nucleus of gametes.
21 Chromosomes segregate dunng mewssis i a manner similar to

the Mendelian “factors” segregate accornding to law of

sepregation.
J) Gametes have one copy of each par of homologous

chromos=omes, diplold individual has two copes. [n Mendellan
model gametes have one copy of the BRotor while diplond

individuals hasve two coples,

4] Duaring mewsis, each pair aof homoalogous chromosomes orients

on the metaphase plate, independent of any other pair. Thus,
independent assortments of chromosomes are like factors of
assorfed traik as explatned by Mendels law of independent

HESOTTIINECNL.
There was one probléem wath ths theory as many investigalors ". .
spon pointed out. If Mendelian traits are determined by factors | .

located on the chromosomes and il the independent assortment of

Mandehan traits reflects the ndependent assortment of thess
chromosomes In mekosis, why 8 it that the number of factors that e
assort independently of one another n a grven type of organisms 15 ¥

often greater in number of chromosomes pairs that the organism
posszess? This seemed a [atal objection and it led many early

rescarchers have serious reservations about Satton's theory.

22.1,2 Experimental Verification By T-H Morgamn To
Chromosomal Theory Of Inheritanco

Thomas Hunt Morgan m 1910 performed varnious breeding
experiments wath wild type red-eved Drosophela melonogaster flies, He
noticed a white eyved male mutant, crossed this white eved male with
trie red-eyed female, The Fio o and Fz population followed the simple
Mendelian ratios but when white-eved female was crossed with red-
evied male the resualts were dillerent.

All Fy progeny had red eyves when members of Fi generation
crossed with each other. He found 18% white eyved and remaming
were red-eyed, Although the mato of red eves (o white eyes 1n Fa
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perieralion vas greater than 3 ;0 1, the result of ¢ross was clearly

showed the segregation of eve colour factors but a strange and
unpredicted resull was also there that in Fo generalion all whilte eyed
Drosophita were male

The above result left many questions unanswered. Do It was
rnpassible o have white eyed in female? Do white eyed [Emale are

unable o survive? To get the answere of the above guestions Morgan
made orginal test cross between female of Fy; generabion and the
orgnnal white eyved male. He obtained both whete eyed and red eyved
males and lfemales in & ratio of 1:1:1:1 now it ig clear that a
female conild have white myres, Only gquestion was left behind that why

there were no white eyed female among the progeny of oniginal cross?

Fig X232, Drassphiliac and (ts Kerygelyps
T.H Morgan

22.1.3 Chromosomes [Chrome = Coloar;, Soma = Body)

The hiteral meaming of chromosomes 15 cobloured body but the
chromosomes are not ooloured bodies therefore this term iz called
misnomer. They were first observed by a German embroyologest

Walter Fleming in 183852 when he stained Salamander larval cell with
A dye called Perkin's Amiline. He [ound darkly stamed threads which

he named chromosome. Chromosomes are thread ke stracture
made up al hghly condensed chrnomalin material, appear during oell-
diwviseon n specithc numbers acoording to species, and carmy gens on

it. In the beginning of cell-division each chromosome 18 congist of two
entical threads which are attached with esach other and called
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sister chromatids. FEFEach chromatd @ ocontams a2 primary

constrictlon which 12 called centromere snd sometime another
constrction 15 also present called secondary constriction. Each

chromatid consists of one or two arms. On the basis of centromere
position  the chromosomes are classified into 4 bypes e

Metacentrie, cqual arms where centromere i located exact in the
center. [ the centromere 15 located slightly away rom Center the

elightly uneqgual arms develop these chromosome called Sub-
metacentrie, il centromere Jocated away [rom center sa the two arms

become unigque chromosome called Sub-telocentric or Acrocentric,
t ot 1% losciated at end called Teloceantric.

Aeglizates
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T eocening ACTOCRNING submetacenin:  Metacaninic
Fig. 123, Types of Chromoacme=s

The secondary constnection may present which 15 also called
nuclear erganizer, develop from nucleolus dunng interphaze. Due 1o
secondary constrction, the end of chromosomes become knob ke
called Batellite which contain useless DNA Le junk DNA called the

terminated end of chromosome called Telomeres, require to present
attechment of two chromosomes.,

2d.1.3.1 Chemical composition of ©hiroeem oo mes
Chromosomes are nucle=opmtem made up of 405 DNA and

GOV protedm, a significant amount of BENA I8 also present due to site
of ENA synthesis but ENA 15 nof the constrtuent part of chromosome.
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The highly ¢ondensed, double stranded, very long DINA 15 present o
chromosome which 15 unbroken through the entire length of a
chromosome, If the strands of DNA from a single set of human
chromosome were land out in a straight fime ot would be more than 7
feet |2 meter] long, this s too long to it into a cell,

Now the guestion arises here how i3 the ooiling of this long
DNA Gber achieved, On examination of eukaryotic chrormosone
under electron mcroscope it was found ke a stnng of beads, Where
200 nucleotids containing DNA duplex iz colled around an octamer of
histone protein, which are small in size with high amount of basic
amino acid .o Arginine and Lysine, The octamer of histone form oore

which 15 highly positive in charge due to basic aming &cids attracted
by negatively charged DMNA due to phosphate. The DNA wrapped

armound octamer and orms a unit callsd aucleosome. The

nuclecsomes or histone core thus acts as magnetic forms that
promote and gulde the colling of DNA. Further colling ofcurs when
the string of nucleossome wmaps ap into higher order callsd Saper
coll

The organization of chromesome ocours Ln three stages.

Flg.22.%, Ultra structare of Chromosocme
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i) Nucleosome string lormation

During S-phase of cell-cycle, just after replication of DNA,
negatively charged DNA coiled around a positively charge histone

core which result 1n the formation of & compiex called nocleosome

Each nucleozome i linked by a small segment of DNA called linker
DNA 2nm thack. In this way a chain of bead appearance 15 formed

called Nucleosome string (10nm thick)

il] Chromatin fiber

Nuclessome string beging o coll again at ite axis. In this way
annother thick fAber of 30nm 15 formed callesd Chromatin Aber,

During Gz phase of interphase chromatin fiber shows two regions i.e.
Heterochromatin and Euwchromatin Heterochromatin s haghly

condensed and unexpressed while suchromatin in non-condensed it
becomes coondensed only durimg cell-division. The pgenes of
ruchromabin expressed and establish uniform chromatin hber.

iii] Super coil formation to form chromatids

Curing prophase of cell-division chromatin fiber starts higher
order of coiling Fom a super ooded structure of 300 nm. Immediately

super ool developed into chromatids of 700 nm,

22. 1.4 GENE AND GENE LOCUS

In 190 century Gregor John Mendel first time introduce the
concept of gene which controls the expression of a character. He

intreduced it as “"factor” and represented it by letter, In Biology a
gene (Gr: genos meaning generation of birth or gender) ks a basic unit
of herseditary. Twenty years laker n 19909, Willlam Johansen

intreduced the term “gene” and 1906 geneticist Willlam Bateson
and Eduand Strasburger used the term "Pangene” [or lundamental
phy=ical and functional unit of hereditary.

Now a day the gene s a small part of DNA which has
information to synthesize speciic polypeptide chain which work as
enzyme to metabolize a specific reaction in a living organiam. It
means physically a gene 15 made up of nucleotde seguenoes.

Previgusly we have discussed chromosomal theory of
irheritance acoording o 11 the penes are loGated al chrofmosomes.
Each gene s located at its fied position at particular chromosome,
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This position of gene on chromosome 15 called “gene locus™ (Pl loci)
we already Enow that both parents of an organism donated one set of

chromosome 20 cach cell usually contain two sets of chromosomes
iChplmd cells]. In thas way each oell contain paars of chromosomes,
each pair contan matermal and patermal chromosomes f these

chromosomes are morphologically similar and have same gene loc
called homologous chromosome, i they are morphologpcally
different chromosome &nd heve different gene ol called
heterologons chromosome. A1 homologous chromosome the gene of
a trait at particular bocus may be samilar or diffecent e g. the pene al

skin colour 15 located at same gens lecus on both chromosomes. It
may be of black colour on both or it may e of different colour Le,
black or white, this alternative form of a gene for a trait located af

same gene locus called alleles, Mendel found two alleles for each

traits. Mendel observed seven traits in Pizum plants and found two

alternative forms in sach trail. For example s length of Fiswm plant

trait had two alternative forms 1.e, tall and dwarf both are controlbed

by different genes. These alternative forms located at same gene

- Iocus on homalogous chromosames are called allele, Now 1t 15 [uncd

4 that many traits have number of aliernative forms, not only two ke
Mendelian tralis.
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Fig - I1.5. Homologous Chromoacimcs

22.2 DNA as hereditary material
Mow what ig itz functien? [t was confirmed by chromosomal
theary that hereditary units are located st chromosomes and
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transformed through chromosomes fom one peneratson o other.

Whereas chemically chromosomes are made up of only DNA and
prolein. So guestion arises here which of the molecules work as

heredity material or both combinely works as hereditarny units, A
gertes of experimental work had conducted by different scientists to

revesl this mystery. In the begpinnming Frednck Gnfhth had some
ELUCCESE.

24.4.1 Evidence of DNA a8 hereditary material
Streptoooccls  pneumonia, a bacternium causs prnewmona

found in two strands e, capsulated smooth form [S-tvpse) and non-
capsulate [R-type] S-type virulent while K-type are non-virulent both

are genetically vanakble.

Fredrick Griffith designed some expeniment, during the course
of expeniments. He mjected E-Lype mn laboratory mece and observed

no il effect on them whercas the mjecton of S-type proved fatal for

muice. It was also observed that if both straing are heated, both kKilled h. :

at high temperatures.

m;? e o Ei::

Livang S strain Mo bacteriad Cnlls Ho bacieral coks Livirg S shrain
oS, o o Prarid it el tourdd i haarn Crdts Fow s
Fameard hadr

Fig-Z1.6. Crillith's Experimmant

When heat killed S-type injected to nice no il effect were
pbserved on mice s0 1 was concluded that alive R-type and heat
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killed S-type had no il effects on mice. He designed some more
experiments and found unexpected results. He found when live K-
type were Injected to mice and heat Killed S5-type injected to same

mice, high mortality of mice were observed, These expenment, were
conducted 1n 1928, at that time he has no satisfactory explanation of

these results. It was thought that heat Killed S-tyvpe somehow become

alive 1n the mice, but it was unacceptable, It was concluded that R-
type become S-type when they come in contact with heat killed 5-

type. The phenomenon in which heat killed S-tvpe could have
hereditary effect on R=tvpe 15 called Transformation,

MNearby 16 years later in 1944, Avery, Macleod, and MeCarty
discoversd and identify the transforming material of Griffith,. They
tested reacton of heat kKillesd bactena for their transforomong abelity
and found out that it was not ENA or various proteins but only DNA

that possessed transforming property If the enzyme

deoxyribonuclease that hydrolyses DNA was added to the heat lilled
S-type bacteria, the transforming property was lost. Therefore it has

become clear beyvond any doubt that DNA must be the genetc
material,

22.2.2 Hershey and Chase

Alfred Hershey and Martha Chase in 1957 performed
experiments on bacteriophage after hndings of Avery and co-workers.,
They chose bacteriophape as expernimental material because the
composition of chromosome and bactenophage are similar both ar:
madde up of DNA and proteins, Dunng viic life cycle bactenophag=
produce 80 many new phages but at that time no one Knew that
which of the moleculs of phage work as hereditary material so
Hershey and Chases developed expenments to find out the hereditary
material of Bactertophage.

Luring  their expenment they radio labeled DNA of
bacterrophage with P32 and its profein coat with 838, The labeled

viruses were permitted to attack the bacteria. The new phageas which

were coming out from host contain only P not &%, the 57 was
found in medium on the basis of these result 1t was cleared that only
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P32 containing DNA entered in host are directed to produce
phages. It showed that the DNA worked as hereditary material.

{) Labeled phages #) Agltation frees outside ) Centrituged cells form
infect cels. phage parts from cells.  a pellel. Free phages

~ and phage parls remain
| II 4 -Radioactive | - ) Radloactivity

protein (phage protein)

C"' aj found In Hquld

Hlll:h 2: Radioactive phosphorus (*¢P) in phage DNA
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Fig.22.7. Hershey and Chase experiment
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22.3 DNA REPLICAITON _
The Watson and Crick Model of DNA suggest that DNA 18
double helix where specific pairing of nitrogenous bases occurs. They
" also understood the functional significance of base-pairing rules.
{ | They ended their classic paper with this statement “It has not
| ~ escaped our notice that the specific pairing we have ]'.‘.I-I:I-EtI.llE.tE.d
immediately suggests possible copying mechanism for genetic
material, this exact copying of DNA is called duplication of DNA,
occurs before cell-division in S-Phase of interphase during cell-cycle.
| The learning objective here is to visualize how a cell copies a DNA
‘ ' strands to form another DNA by following base-pairing rules. The two

strands are complementary, each have information to reconstruct the
other i.e. each old strand work as template (mould) for other. Some

enzymes are also required for this process.
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22.3.1 Models of DNA Replication
The Mechanism of DNA replication was not clear. To
nnderstand this mechanism three models were proposed, these were

(i Conservative, (ii) Semi conservative, (ii1) Disperssive model.
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[i] Conservative Model: According to thes model, the parental double

helix remains intact 1.2, conserved and the new molecule 18 formed
entirely from scratch jall new copyl.

(li] Seml Conservative Model: According to thizs model, the two
strands of parential DNA malecule separate, and each function as

emplate for the synthesis of new complementary strands, 1t means
the two daughter molecules formed as a réesull ol rephcatbion, each

contains one parental (old) and opee newly formed DNA strand, 1t
means some part of parental DNA is conserved.

(i) Disperssive Model: In this model, all four strands of DNA after

replication have mixture ol old and new DNA,

d&.3.4 Replication of DNA 18 Semil Coniervative
The process of DNA replication suggested by Watson and Cnck

model 18 called semi conservative process because after one round of
replication, the arngnal dupdex 18 nod conserved, instead, each strand ". .

of the duplex become part of the other duplex. This prediction of S Say
Walstn — Crick madel was tesied 1n 1958 by Mathew Meselson and d

Frank Stahl of the California Institute of Technology,
They grew bactena for several generations In a medium e
containing heavy isotopes of Nitrogen (N'7). In this way the DNA of ¥

bacterta were, eventually denser than. Normal (N, They then
transfered the growing cells to a new medium containing Hghter

isotope of Nitrogen (M) and harvested the DNA at vanous intervals.
At first, the bacterta grow in NP produce all DNA contaimed

N, but the bacteria grow in N manufactured DNA sath only N1 1n

their DMA, After one round of DNA replication this bacteria which
transferred from NS to N', the density of the bacterial DNA has
decreased to value intermediate betwesn all hght isotopes and all
heavy lsotopes DNA. Alter another round of replication, two density
classes were ohserved, one intermediate and other ligght isotopes,
corregponding to DNA that include nome of the heavy isotope. These

results indicated that after one round of replication each daughter

DMNA duplex possessed one of the labeled heavy strand of parent
modecule. Wheén this hybrnd duplex replicatéd, it contribuled one
heavy strand to form ancther hybnd duplex and one hight stand to
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form @ hghter duplex, Meselson and Stahl's experniment thus clearly

confirmed production of the Watson and Crick model that DINA

ceplhicate 1 & semi conservalive manner,
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Fig.2X.59, Mepelwe and Sthnl Experiment

22.3.3 Process Of DNA Replication

The copying of DNA 2 remarkable in s speed and accuracy,
more than a dozen enzymes and prodemn participate 1 DNA

replication with number of nucleotides. The bazic step of replication
i  prokaryote and eukaryote seems to be simolar with  minor
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differences. 'We ¢an divade thas mechanism in ollowing steps Ior our
understanding.

ia] Origin of Replication:

The replication of DNA molecules starts at specific site called
origin of replication. In prokaryoles a single origin sile having a
specific sequence of nucleotides, In sukaryotes each chromosomal
DNA has hundreds and thousands of Origin of replications”.

The enzvine helicase recognize these orign sites and open the

turn of DNA duplex by breaking — H-bonds preserl Ly L eeer
complementary base pairs. In thas way ftwo strands of DNA are

separated. Another enzyme DMA gyrase also works little ahead the
DNA helcase to [acilitate in unwinding of DNA duplex by redocng
the tenson crested -|_']l|:|rir|g unwinding process. As a resuli the
complementary gtrands of DNA duplex gradually separate from each
other which form a bubble ke stracture called replication bubble. &

protein also work to prevent the re-binding of complementary strand
of replication bubble, this protein iz called single stranded binding
proteins IS5B). Both of these stranded DNA work as template for
new strand of DNA. The fork like shape 1= lormed by two separated
strands ol DMNA called rephication fork.

(B] Elongation of New Strands.
The phase of replicabion where daughter strands are formed,

thiz elongation of new DINA strands at replication fork is catalyzed by
enzymes called DNA polymerases. Three types of DNA polvmerases
are found with the name of DNA polymemse 1, [T and T, They

perform  different functions during this elongation phase. The

elongation only takes place mom 3 end of replication fork strand.
Thus a new DNA strand can elongate only in the direction of 5° — 3.
Along one template stramd, DNA  polymerase synthesizes &
comtimipus DNA strand by elongating the DNA m &5 — 3 direction
called leading stramd. To elongate other new strand of DNA

polvmerase work along the template away [rom the replication lork,

and synthesize a short segment of DNA, As the bubble widen another
shart segment of this strand 8 formed this strand s gynthesized in
small segments these sepments are called Dkazaki fragments. Each
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segment contains 100 o 200 nucleobides i eukarvobic cell, These
segments are jolned together by an eneyme called DNA Ugase 1o form
a simple DNA strand. This strand called lagging strand
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~a Fig.22.10. Replication of DNA

(c] Priming DNA Synthesis:

e . The lommation of new strands 15 called elongation, takes place
by an enzyme called DNA polvmerase. The DNA polymerase cannot
work in the absence of nucleotide  already present on  template
strand., S0 the nuclegtide must be added o the end of already
existing chain called primer. The primer 18 a short plece of BENA,
which 13 about 10 nucleotide long 1n eukaryotes only one primer, 1S
required for polymerase o begin synthesis of new DNA, The
enzyme 15 also required to poan BNA nucleotide to make primer called
primase,

(d) Types of DNA Polymerase and their Functions:

As we discussed earlier that there are 3 types of DNA
polymerase, they play dillerens rodes dunng replication of TINA,

(i] DNA Polymerase-1: [t performs the function of replacement of
ENA prmer by DNA nucleotide dunng termination phase,
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process, it removes wrong nucleotide if it is

added mistaken_lj.r. Duri_ng termination phase replacement of primer
by DNA nucleotide and joining of Okazaki fragment in lagging strand

The primer nucleotides are removed and DNA nucleotides are
replaced by DNA polymerase-l. It performs dual function ie.
exonuclease and polymerase. The joining of Okazaki fragment takes

place by DNA ligase enzyme so a continuous strand DNA in
synthesized. |

w4 s AND ENZYMES INVOLVE IN REPLICATION
DINHA Helican= 8
! _ single atrand
binding pri‘.ll:ein

Replication Fork
(Drouble helibn unwind

provide aingle atrand
DNA remplate]
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Svrithenia of leading
atrand priffiase

!

Priming DNA
| polymerass-111

Elongation DNA
polymerase-|
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Removal of primer and
replacement of DNA
nucleotides

| (polymerase-T)
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22.3.4. Replication of DNA as a Process of Stability and
Variability

Replication of DNA is a process where stability and consistency

of genetic nformation 15 maintaned generation after generation or
parcnts o off sprimg. This stability and high degree of accuracy is
provicded by hydrogen bonding between base pars of old and newly

formed DMNA strands. Although DNA replication 18 not perfect at 1%
step, 1t 15 due o speed of rephcation 1.e. 30 o SO0 nuckeotides per

secpnd dues o spontansous chemical flip<flop 1n the base, [DNA
polymerase |l eccasionally incorporate incorpectly matched bases L.e.
oree mistake for every 10,000 hases pairs.

In mammalian cells, the completed DMNA strand contains only
abiut ome mistake for every hiliomn base pairs. For this rear

inaccuracy the DNA, replication has & proof reading system which we
have discussed earlier. This proof reading takes place by another
DNA polymerase=11. The cne=-way directionality of DNA, each daughter
atrand as It structure allows the polymerase-ll enzyme to recognize
the parenial strand, running in one direction as the nght-stall and to

correct any mismatches by changing the deagghter strand, which man
iri the other diresction.

During prophase each chromosomes contain two chromatids,
gach chromatid contain double kel of DNA, which s congist of one
priginal [parental) and one new strand (daughter], thas new strand of

DMA 8 an exact copy of parental strand, when these sister
chromatids separate at anaphase and reach to daughter cells, sach

received an exact copy of parental chromosomes, Thus, if there 15 no
gpontanesus mistake in whole process, the constancy and stability of
penetic information will be maintain fom cell o c=ll and from

parcnts to off apring.

Crendetic varnabiity can also oocur due to change in DNA

sequences which 13 fermed as mutation. A mutation 153 8 permanesnt
alteration o a DNA sequence. Denove change aeccur where there 15 an

error ocour during replication that 15 not commected by DNA repair
enzyme dunng prood reading, when this error (8 copled by DNA
replhicaton fixed in the DNA and transferred o next generation. DNA

replication timings 12 &also associated with variation in genome. The
late replicating DMNA 158 one ol the [ERcotors which 158 generally more

prone to mutation,
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Another cause of mustake in replication 15 the presence of

*“Tautomeric forms” (interconvertable structural  isomers] o
nitrogenous bases. After publishing of Watson and Crock model of

DMA, biologmists thought that most replication errors were caused by
ghifting of H-group [om one atom 1o another in nlrogenous bases,

the changed form of nitrogenous base 2 called tautomerie form or
shift Hoth punne and pyomadine bases in DNA east o different

chemical forms or tautomers, where protons occupy different position
as shown i Fig 2211 Buodogist belseved that if and when a

nucleotide base into its rare tautomeric form it result in base-pair
mismattching as showmn in Fig, 22.12.

'I'|----|-ll-l|rl-I lllllrl “

™

Amiaa Feam Lo e o
Fig- 22.11 Comimen and Bare Nucleotisde forms
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24,94 GENE EXFRESSI0ON

It 1% a process where information present on gene 18 used to
produce a functional product required by living organism for their
existence called gene expression.

22.4.1 Central Dogma of Gene Expressions

In English central dogma means basic principle but in biology
especially i molecular blology 1t means that how genetic information
flows rom DNA o KNA for synthesizing a palypephde chaimnm os
profein which works as an enzyme, This genetic information flows

from DNA to proteins, in twioe steps,

[} Transcription:

It 12 the process where information present on & speciiic part of
DMA i copied in a complementary form to form mBENA. This mBENA
carries informaton of DNA [gene) in coded lorm rom nuckeus o the

nbosomes present i the cytoplasm to synthesize a parficular

-.-
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pialypeptcde chain, Although all three types of ENA are transcribed
from DNA.

Fig.22.13. Gene expressios

[ii] Translation:

The process of converting information on mENA [messenger
ENA] into correct sequendces ol amino acwds to synthesize a probein

with the help of tENA [transfer BNA) and rBENA (ribosomal  ENA]

Tranacripltion
| FansE ot
Ca A ™ \
,
Aminn
[

Transcription
Translatn
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22.4. 2 Gene and Genetic Code

According to work of Archibald Garrod, William Batson, George
HBeadle and Edward Tatum which they concluded from thelr
experimental work that Gene 15 a segment of LINA that contains the
information nesded to synthesize a protem. In other words gene 15
the basic functional unlt of hereditary material. It 1z also observed
that different penes have different base sequences and different

proteins heve different amine acid sequences, Therefors the
sequences of nirogenous bases 1n a pene work as the codes bor the

sequence of amino acids in proteins,. Now questions arises how these
bases work as codes for amino aceds s~

Genetic Codes

In the above discussion we hve repeatedly used the word
genetic codes. Now question arises what 18 genetie code? The genetic
code 12 the =et of niles used to store the penetic Information within

DNA for a particular protein synthesis, We know that when we want
B send a secrete messagpe or want to load pre-paid amount 1n our

cell phone. This mobile card strip has combination of numbers on it
When we send correct sequence to the company they load specific
amount which 15 asked for, In the same manner information about a
specific protein synthesis 15 stored in DMA 0 the form of speclfic
sequence of their nitrogenous bases. It gives three information oo cell.

] The amino ackds required for this protein.

ii} The sequence of these aming acids in this protein.

iit] The length of polvpeptide chain of this protein.

When this information of Gene in the Form of penetic codes

transcribed in the form of mENA they work for aminoe acids during
translation. The DNA and ENA both are made up of four types of

nucleotudes, buf there are twenty [20) different aming acwds whch
forms protein 5o these bases cannol serve a3 one (o one codes [or
amino acids. [f these sequence will be very short ie. just consist of

only two bases codes for an aming acid then there will be 16 possible
combinations of bases, Thas 15 not enough either for 20 amino acids.

jE—— T [E—— —-. [ EET—
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If three base pairs combanation wall be used, gives & combanations

which iz more than enosugh, the bielogist hypothesized that each
aming acid 15 coded by trnplet of base pairs. In 1961 Francas Crick

and three co-workers demonstrated that this hypothesis 18 correct.

GLHC Varw I S—— Gal | Lol e von C
R K i m e - 3 . T | &
LA G ' = P —— r
kD (s Culdy | e 1 ErT s : -‘
Fig.23.14, Genetic Codes F

Further experimental work verified that the mENA has information
for aming acid i the Iorm of ther toplet base pairr these triplets aof

bases on mENA which encode one aming ecids are called CODONS,

Now there are 64 oodons, saome works as starts CODON and some af

them work as stop CODON, Research showed that the CODEON ALG
signals “stars” while three codoens work as stop codon e, UAG, UAA

UzA the genetic codes and codon does not need and does not have

punctuation, between them have. It s Lke *“FATMANHITTHECAR'®
Table 22.1 The CODON for each amine acid

GENETIC CODES AT DNA

& [r|als|t|als||alc|r|alalr]alc|T|alc]r|a|c
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AUC 15 the CODON for Isoleucinge. If a polypepticde chain will be
synthesized 1if will contain seven isoleucinme aminno ackds 1o 1t, As we

have discussed that there are 61 codens to code 20 amino acids, with
these 6l codons some are stop codons. All 61 codons ace used 1n the
genetw: coding for aming acid. The genetye code s thus highly

redundant or degenerate. We can say that, a single amine acid may
be specified by several CODONS. eg. gix dilferent codons are present
for m single amimo acid 1., Arginine. Even the code 15 redundant, bt
it 12 not ambiguous, Each codon specifies one and only one amino

A
Gene DNA) G| C]A |G| C|G|GIC| T| G| C|€| T| €| T|T|C|CIGICIGIT|C| T
—_mena |Gl U|CG|C|C|G| ALCI Gl G| Al GLA[A]G|GIC| G C|AlGl A

k| Arg | Arg | Arg | Arg | Arg | Arg | Arg | Arg

Mechanism of Transcription
The process of copying over, in the form of ENA' 15 called

w® Transcription, where a particular part of DNA is copying in a form of
F_.: P4
Transcnption has two hmitations:
{i] Omiy a selected part 1.2, gene part of DNA 15 transcribed e.g cell of
r hair Iollicle transcribe omly the DNA which contain genetic
El inlermation aboul keratin prolein synthesis,
(i) It eccurs only when 1t 15 regpuured, 1t copees only one strand of DNA
becauss the two strands of DMNA are complementary not ldentical. If
the sequence af bases on the strand present at one strands that brm
keratin protein wall not found on other strand.

The DNA strand which contains exact information about
hanchonal protein 18 called template slrand or anti-senge strand. The
apposite strand 15 called coding strand or the sense strand. The

EKNA polymerase enmyme synthesizes ENA fom & - 3 direction.
Kesping in view the above Iimitations we can divide the process of
transcription in following three stepe.

5] Emitiation 1) Elangation i} Terrmmation

(i) Imitiation: [t s the frst step of transcrelption where attachment of
EMA polymerase al the start of gene occurs. This start region ol
grne 15 Called Promoter reglon, The promofter region of & gene 15 @

jE—— T [E—— —-. [ EET—
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short segquence af DNA bases located just in the 3 direction. The ENA
podlymerase recosnizes the base sequences of promoter at the

beginning of geme and bind with it. In prokaryotic DNA three
promaters are TATAAT orf -10 sequence and TIGACA or -35
sequences. In eukaryotc DNA TATA [TATA box] or =25 sequences and

CAAT (CAAT box) or =70 sequence,

oy ke e L | L TN L

FTEa - o il

1elan

s Yraws

ERTTELETES

& ST AN lJ'
Promoter reglon of DNA and start of Transcription in
Frokaryotes

[1i] Elongation: After binding of RNA polymerase at | promoter site,

it forces to unzip DNA double helix from beginning of gene, moves
along the template strand of the DNA in the 3 — 5 direction. The §&
free ribonucleotides present in the nucleus now utlize o make and &

slongate ENA polymer. [n this way during elengation a single strand | -y
of ENA which 15 complementary o template strand of DNA s d

gynthesized, The same base pairing mules are used during |
rranscription for ENA synthesis as for DNA replication except that o
Uracil 158 pamred wiath ademine mstead of thymone as Todlows, ¥

Fig.22.15. Tranacription
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The ENA polymerase adds ENA nucleotides to the growing ENA
strand according to rale of base-painng but this painng doss not
perzist, After about 10 nucleotides have been added to the growing
EMA chain, the beminning of the ENA molecule separate from DNA. [n
thiz way lomg ‘tail’ drnlt away [om DNA. The elongation remains
continue till the RNA polymerase reaches the terminator region of the

gETE,

fiil) Termination: AS we have discussed thatl the ENA palymerase

adds ENA nuclectides when ENA polymerase continues along the
template strand until 1t reaches the termination region [signal).
Termination region is 8 seguence of DNA bases trigger two events.

Firatly, the ENA molecule completely separate from both the DNA
and the ENA polymerase, Secondly, the KNA polymerase detach

from template strand of the DNA These evenbs Ferminate

';‘ transcription. The terminator region consists of A senes of GO base
~a pair followed by AT base pairs. The mENA region transcnibed by this
replion form a loop like structure called GC halrpin followed by &

S small tall of polynuclestides. The GC hairpin causes the ENA

El polyvmerase to stop the synthesis of ENA,

Modification ln mENA before Translation
The mENA before translation s modihed 1in eukaryotes for next

atage l.e. transiation. In prokaryotic cell transcription and transiation
both takez place In cytoplasm therefore it does not require any
madilication in mENA of prokaryotic cell. The genome of eukarvotic
DNA contains coding and non-Ccoding regions within the genes. The

coding regions are called Exons while the non-coding regions of gene
are called Introms. During transcription both exon and intron reglons
are transcribed but before translation the transcnption of Intron
reglon are spliced, new mRENA contain transcripts of exon reglon only.
The removal of introns and the conversion of long primary mENA into

short secondary ENA without intron called ENA spheing. It requires

[E—— —-. [ EET—
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p small nuclear nmbonucleoprotein (sn ENPS) e, a ENA protemn
compiex RNA splhicing takes place 1o following three steps.

f ipeele
TE LT

Bl B e 3 .-h-: II-.hn —
5 5 3 B

L Ea L

+|-IPF-I-
PRI BT N,

Fig..2d 106 HNA splicing

Step — I A group of an ENPS's bind 1o intron of primary mEMNA.

atep — II: Binding sn RNPS's at intron, which cause Iodding of mENA
which bring the 3 and 3 ends ol the intron closer, which make a

leop In this way, the end of the exon alas come closer, and ultimately
pn each other,

Step = II: The intron removed and splice site connect to make a

mENA, the intron are also used in other process. The sn KMNA detach
framy thee intron and rewsed.

Another medification accurs in primary mENA that a cap and
taill are added to i1t It 5 to protect mENA from degradation and
remain stable. The cap is in the form of 7 - methyl GTP linked 5" =+ &

with the first nuclestide, Um the opposite end of mENA a8 small chain
of adenme nucheotide called poly A tadl 15 attached 1.6, at 3 end,

F &




R ..o
L hrdimeaEs ared T4

These changes protect secondary mENA om degrading enzyme like
nucleass and phosphate.

aa: 17, Frmmethyl GTF and Foly A

Translation
[t 1= the second phase of prne expression or protein synthesis.
During translation the secondary mBENA attaches with ribosome and

decoded its mformation with the help of tKNA. The tENA contains
anticndon which trmanslates CODON of mENA mand carmes related

amino acid to ribosome in sequentlal manner where rENA bind and
form peptide hnkage to form polypeptide chaan. For our convenwenoe
we can divide it in four phases, e achivatson of aming acid,

formation of initlation complex, elongation and termination.

i) Activation of Amino Acids;

The cytoplasm of cell contalns amine ackds which are taken
from dopested [ood or synthesmed in céll. These aming acds when

bind with & particular tRENA 15 called activation of amine &cid, As we
know that tEMNA has 4 sites at 3 end three unpaired nucleotide site
called amine acid site 15 present, oppostte o it hve oucleotsde

containing site 15 called anticodon site, whercas cut of them five
nucleotide the middle three nucleotides work a2 anticedon. Another
Ioop 15 called activation site where an enzvime amineacyl synthase

attach to activate thiz tENA. A particular aming acid attach with its
specifie tERNA through this activating enzyme, omne of which exizsts for
each of the 20 amind add.
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(ii] Formation of Initiation Complex:

Translation require initiation complex, This initation complex
18 a complex of nbosomal subunit mRENA and first amincacyl tENA
pomplex. The hrst aminoacy]l tENA complex contaons a modihed

methionine, The inmtiatwon complex formation 15 metabohzed by an
enzyme called Imitiation facter-1. During this process 5 end of
mEMNA malecuile also Band tno the smaller sub-umit of nbosaome wakh

the help of another enzyme called Indtiation factor-<Il. In the last of
this inittation complex formation process, large sub-unit s placed on
smialler sub-amit.

[':':"'-. ! :':"'-l"'-;g
£ Trarmbc-sbion R"-?"_:-.__—“EE'
-._'_--.__::l

Fig. 22. 18. Translation
(ili] Elongation
The ribosome has 3 sites P site, Le. peptdy] =ite, A site L.e.
aminoacy]l site and E site 1.2, exit site, as shown m Fig. 22,18,

Aanother tRNA with appropriate aminge acid binds at next site L.e. A
site. [te anticodon bearing amincacyl tENA complex bind with the
help of an enzyme called the elomgation factor. In the next step an

enzyme peptidyl transferase  released from P site, remove the aming
acid from tRNA present on P site and bind to new aminD acid presend
on A stte by making peptsde bond, It take place at the site on large

& .8
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sub-unmil callesd catalytic site. ARlter if, nbosomal sub-umt shightly
move alopg mENA from & ==« 3" end so that the empty tENA shift to

E-alie, while the tENA at A site shifted to P-site and a new CODON i8
exposed at A site the movement of rfibosome called translocation,
anDther tERNA wath 1its aminn acid resched at A site (0 band wath 1ts

anticodon. In the same wayv the process I8 repeated again and again
W lorm a paly pephde chain until the nbosome g reached © sStop

cocdon af A site,

[(1¥] Termination

When the nbosome 15 reached at stop codon which 15 also
called non-sense CODON, this codon do not bind with any tRNA =0
no elongation takes place further. Now the polypeptide chain is

released from nibosome by separating nbosomal sub=unsts o

mENA,

Difference between protein svynthesis i Prokarvotie and Eukarvotic

- gy Fd =" s o - L m
- Prokaryoles have | » Ribosomes of Eukaryoles are
ribosomes tn cytosol =0 protemn | attached wath EER so0 1t mainly
symthesize compietely takes place | ocours in R.E R,

in cytosol.
- The prokaryotic gene [DNA) | -

The Fukaryobhic penes are

found In cytosol 2o transcription | found T nuscleus, 50
and translation both occur in | transcription occurs In nuUciEus
cylasnl. g lranslation  oaocurs by

cytoplasm,
- The prokaryotic gene does | = Eukaryotic gene  oontain

Gl conlam miron.

r In prokarvotes the pene
FII'IZII!'I.'II:ILI:'l'-l For '|:I:'-IE|.I'I=EIIZ'J'I|:I|iJl:II'I B
TATAAT or -10. saquence and
TTGALCA =33 sequences.

" The ribosomes are TOs for

tranglation Inftial amino acid is
modified N=formyl methionine,

- In prokaryotes no cap and
tail are formmed with mEMNA.

L e e B —-.

EXOn And Inloon Pege.

r In Eukaryobtes DNA gene
promoters are TATA or -25
gequenices and CAAT aof -70
RECJLIETICE S,

- The ribosomes are 80a for

translation the tnittal aminog acnd
15 nat moachified 1. methenine.

. [n Eukaryotes the Cap of 7
— methyl GTP and poly-A tail s
formed.
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422.5 REGULATING GENE EXFRESEION

The cell requires protein in the form of enzymes for regulating
its anchon, developmg its strecture and e o its daifferentsteon,

Therefore all cells regulate synthesis of protein from information
present on DMNA. The process of turning ON or OFF a gene 15 called
Regulatory gene expression, Each cell controls the gene expression
acoarding o its requirement e when and how its genes are
expressed. This control requires a mechanism which tells the cell
when a gene 15 expressed and when it will be stopped 1.2, this protein
1% no longer reguired by cell.

22 5.1 Importance of Regulating Gene Expression

The regulation of Fene EXPression CONServes enerpy and spuce,
The process of gene expression requires enormous amount of energy
s0 1t 18 Important o =ave energy. Therefore the gene only express at
the fime of its reguirement. On the other hand DNA 15 present 1o the
foren of highly coiled form in the nucleus of cell. To express a gene
thiz part of DMNA should be unwind, only that part of DNA unwind
where required gene 15 located, it save the space of cell

In  eoulticellular  organisms, high  degree of  cellular
differentiation accurs due o regulation of gene expression. All cells of

multicellular organism contain same genome but cells do not express
all penes present 0 them, only spechic genes are expressed n

particular type of cell by this regulation process.

The regulation of gene expression also regulate normek
metabohsm of an organisms by synthesizing proper activating anc

inhibating factors al proper time, I this regulatory process of gene
expression 18 disturbed, metabolic disorders and other penetical
disorder take place, Like cancer, lysosomal disorder og Liver
perform a function of alcohol removal rom bloed stream, for this liver
cells express pene of an enzyme called alcobhnl dehydrogenase. This

enzyme breaks alcobhol inte non-toxic substance but the R.B.C
cannat do it, 50 R.B.C keep this pene turned off. Simikarly the liver

cell cannot carry O s0 they keep thelr genes turn off which
synthesized hemoglobin protein.

» 4
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Method of Gene Reguiation

Eegulation of gene expression takes place in fwo ways 1.e,
positive and negative reguilation. The penes are expressed by specihic
protein called activators this type of regulation iz called positive
gene regulation. On the other hand the gene expression 18
suppressed by the presence of specific regulator protein, e
repressor thiz type of pene regulation 8 called negative gene
regulation.

Unicellular living things regulate gene expression so that their
metabolic and blosynthetic pathways change 1n response to changes
in their environment. &g Eooli bacteria, growing in the presence of
lactose, syrnthesize enzymes which allow lactose to be utilize as
enerpy source, il lactose is replaced by another disacchande then a
different set of metabolic genes are expressed and the genes required
for lactose metabolism are not regulated, so the genes of lactose are
repressed,

Multicellular organizsms have additional capacity to regulate
gene expression 5o that many penes are expres=ed in specihc hssues,
The seguential activation of specific genes in different regions of the
embryo drives the development of the embryo, the formation of the
different tissues and cell types. In these cells DNA remains in
nuclews, some of its regions (genes) tranacribed into EMNA which
transported owt of the nucleus inte cytoplasm where nbosome
translate it into protein.

The genes can repulate at all stages of gene expression. This
regulation can be otcur when DNA 5 uncmled from nucleosome 1o
bind wath transcription factor e, epigenetic level or when ENA is
transcribed e transchptional level or when it 8 transported 1o
-:_:_:,.'I'l_'||.'_|-'|;-|.~5.rr|. frommy milecleus 1.8, Post I'mr.u:-:.-:_:ri;;uli-:_:-na:l'l leve]l or when mENA
is translated into protein ie. translational level or after the protein
has besn synthesized 16, Post translational level.

Regulatary element can operate. So that the product of ane gene controls
the activity of other gene. Some of which may themselves regulate other
gene, Actvaetion of cne gene can initiate a cascade of regulatory svent.
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Role of Intron and Exon in Gene Expression

The cukarvotic genomes contain ntrons and exons while
prokaryotic gene does not contain intron. During gene expression all

ntrons are transcribed into BNA and replicated durning rephication
process but introns do not participate in translation because belore
coming out from nuclews the mtrons regaons are ehminated by

apliceosome,
The Wial genomes contain 4006 of ntron on average. Now

question ansss here why introns are present in genome?  The
exlstence of introns In genoime 18 a real mystery given the expensive
ernergy cost for a oell to pay for copying the entire length of several

introns iIn & gene and eliminates them at the exact position,
controllsd by big KNA and protein complex after transcnption. Do

introns are not totally junks It has come o0 know that introns are not
totally junk, these are crucial because protein variety 8 greatly
enhanced by alternative splicing 1n which introns play important

role. The alternate gplicing is a contralled molecular mechanism for
eynthegizing multiple varmant proteins rom a single pene,

Introns also play important role in positive regulation of pene
expression. I was found that ssthout intrens the protein products

were signmificantly diminished, It was also found that some introns
are designed to construct expression vectors for guarantesing a high
evel of expression compared to genes without introns, Introns are

mvolved in transcription, indtiation and termination processcs.
These proCesses requife 2oime Sequence el@ments, 10 mninen n

correct order, Introns may be associated wiath mENA trensport or
chromatin assembly. Intron alaos plays some indirect role. The firse
intron plays important rmole n transcopbion, 1t has been lound that

the first intron iz the longest introns which work as the signal for the
transcnoption. S0 many other rodes of mmirons are gomg to be

established day by day research in molecular biology,

22,6 MUTATION

There are 30 many ways 00 explain the terms mutation. The
DNA 15 the genetic material which s responsible o store mnlormmation

of an organism and its inhentance faithfully to next generation. 1F 18
dees not take place properly it iz called Mutation. In a sense,
mutabion 15 the flure to store penetic information Rothially. In
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Fukaryotes, DNA s present on chromosomes, so histoncally, the

term mutation includes both chromosomal changes In their mamber
and structure. The changes occur i the location of gene omn

chromosome and changes within & single gene also called mutation.
We discussed all of these here under the title of heteroploidy,
chromofomal aberration and géene mutabon respectively.

22.8.1 Sources and Types of Mutation
The substances which cause mutation or responsible of

mutation are called muotagens. The mutagens or mutagenic agents
may e physical, chemiacal ar bealogcal,

Phyeical Mutagens: These are the physical lorces which are
responsible to break any type of bond present in the DNA e,
phosphodisster bond of DNA or bonds present in nitrogenous bascs
Thezse phy=ical mutagen may be lonizing radiation like gammea (y]
rays, x-rays or other types of radiation hke altra violet radiation

sometimes cosmic waves or ultrasonic waves, it may be high
temperatiire.

Chemical Mutagens: A number of chemical compounds may alter
the shape of DNA and 153 nucleotides, some of them are very similar

to nitrogenous bases which can be replaced by onginal nitrogenous
bases. The other chemicals may be envirenmental or industrial like
Nitrous oxide, mustard gas, photochemcal, or radioactve 1sotopes,

free cooyEen may work as mutagenic chemical,

Biological Mutagens: Some micro-organism and bbochemical, which
are produced dunng metabolizm may work as mutagenic agent,
sometime errors 1n normal physiclogical processes leads to mutabion

o error in disjuncuon leads to heteroploidy or some vinuses like
HIV lead to skin cancer i.e. Kaposi's sarcodma.

Types of Mutations

The process of mutatson 15 called mulageneses, the orgamsms

in which mutation occur called mmtant and the organism whens
mutation does ol occur orf found in ils orpgginal lorm called wHld
type, Thers are so0 many wayvs to classify the types of mutation,
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22.6.3 Do Most Mutation are Harmial
[t 153 generally considered by the people that changes In genstic
material in any way 15 harmful for the living organisms this 13 not

true completely, although in number of cases mutation 15 harmhal
but there are three types of mutation e negative mutation, positive

mmutation and newutral muotation.

(i) Negative Mutation: It 18 the type of mutation which 12 harmful for
living organisms and causs different types of abnormalities ke,

sickle cell anemia, Down's syndrome etc, These mutant genes are
usually eliiminated by natural selechion from gene poaol.

(li] Positive Mutation: It iz the type of mutation which preduced
etter allele to produce more adaptable penes. These penes are
selected repeatedly by natural selection. .. mutated gene of black
=lkin colour, '|'.|-|_'.|I:.';_'.|I|.'_|:'|_'.I:.'5 to produce different vaneties within the same
species al plants, genes of beaks and claws in birds ete.
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(1i1) Neutral Mutation: The some penes are mutated but do oot
leave any harmful or observable effects on phenotype, These genes
mhent n normal pattern this type of mutation 15 called neutral
mutation,

Mutation produces htness (o adapt 1in a specthoe environmental
condition, which leads to evolution of organism. It explains the
evalution of agquatic ammals and plants @ land habtat, The
organisms which do not accumulate mutated genes becames unakble
to surave on land, Nature only selects those which accumulate
mutated genes, which were required to develop, characters for
survival on land, Above discussion showed that the mutation 15 not
only harmiul process.

22.6.4 Chromosomal Motation
As we have classified mutation in diflerent groups, one of it is
chromosomal mutation, 1€ any change in number and shape o
¢  chromosomes 15 called chromosomal mutation. [t 1= further

: classified inta two groups.
-~y
(] Heteraqloady lit] Chromasarmal aberration
3 [i] Heteroploidy: |-I-|;'1-::|'n|;5-'||_'|i-.-]:,.' 1% the change i the number of

4] chromosomes due to non-disjunction during Diakinesis of meiotic
prophase-1. There are two types of heteroploidy (a) Polvplowdy (b)

Aneupbocy

Polyploidy: It 15 a type of heteroplowdy, where a set of chromosomes
may increase i As a result of polvploidy triploid [3N) tetraplaodd [4M)
ele organisms are produced. The polyploidy produce vaneties within
the spectes of on organism, especially in plants e.g. different vaneties
of wheat and rmce are produsced.

Aneupladdy: It 12 the type of chromosomal mutation where one or
twio chromosome increase or decrease i the kKarvotype ol an
organism e, monosormy where one chromosome decrease |ZN - 1],
Triscimy where are chromosome increases (2N +1). Some example of
monosamy and Trisomy of human are given below.




.

(a] Down's Syndrome: 1t 15 a trmsomic [2n4])] condibion of autosomal

chromosome number 21, found 1n both male and female of human
Dernes.

Symptoms: Abnormal body and mental development, round face
small head, skin Odap at the back of neck, wade short hands with

short fingers and long tonguae,

Treatment; There 15 no treatment but contimecous psychological
counseling and some medicine required to reduce aperession of

patrent,

(b] Elinelelter's Syndrom: [I 1% also a tfisomae condition but ot 5 a
trizomy of sex-chromosome (44 + KXY

Symptoms: [t 5 a male disorder having feminine character 1.e. less

body and facial hairs, enlarged breast, long neck, wide hips, curved

shouvlder and thighs, The male has small testicles, woces are fod
deep a2 mals and infertile male

Treatment: Testosterone themapy 15 the only sofution but it does not
help in reducing infertilicy.

(el Turner's Syndrome: It 18 monosomic {(2n-1) condition of sex-
chromosome in female Le. (44 + X),

Symptoms: The effected individuals are infertile female with short
heght, webbed neck, low harline at the back of nmeck, &dema 1m

the hands and feet, low [ bevel

Treatment: There is no specific treatment, only grovth hormone
therapy s administered tn this case. Female hormonal therapy also
helps 1n the development of puberty charmcters and reproductive
cywcle. It 1a started at the age of 12 or 13 vears.

(ii] Chromosomal Aberration: The type of chromosomal mutatiorn
where change in chromosome structure or position of penes on
chromosome ocour, There are fowur types of chromosomal aberration
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(A] DELETION OR DEFICIENCY: A chrmomosome breaks [rom one or
mare than one places 50 some of its portion 15 kest, The remaining
part in the karvotype 12 left this loss in genetic material |18 called
Deletion or deficsency. As a result the chromosomal size reduces,

(b Cruplication: Processes whers a  broken part of &

chromosome attaches with itz homologous chromosome, the penes of
garmeE charactérs becaome duplhicated and the size af chromosome
INCTEASES,

(¢] Translocation: A process where & broken parmt of &
chrdmosome attaches wilth 118 non-homalogous chrmosome 15 called
Translocation. As a result of translocatwon the sie of that

chromosome also increases but genes do ot duplicate as present in

duplrcation.
d} Inversiomn: It isa type of structural vanation 1in chromosome
W arrangement of gene loci inverted due to 1807 turn of
chirgmesome.
Deletion Duplication Inversion
R .
FF..: '
3 K
&
Translocation

>

Flig.£4, 18, Chromosomal ASerration
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Z22.6.5 Gene Mutation

Mutation ocours 1In & specific gene at specific genetic code(s) or
the location of a gene change on chromosome, this type of mutation

15 called Gene Mutation,

Fuaerral HHHE -l-l-l-l-l-l-l-l-n-n—l'-qﬂn- A Lahe-l
I LAAATACOGTOC A =k AAAATTCEOTOE & T EE
virgrad

B FSEE T 1995 STl —
AAMATACETACA Lrids, Lraerd
S R e i
3 gk dHsiEr #Ter e
Fre— Ty — &y A P T BT T Ml Vel Bhajas diTereras
e in e i
2 P EEN & ATET FIN |8 Mg deleooe i ErTa

Fig X2 10 eme mutalian

If the change cccurs at specific genetic code(s) this type of gene
mutatwmnm 15 called paint matation. The change n nucleotide

sequence at gene develops change In the sequence or type of amino
acids, due o these changes in aming acid the nature of protein alao

alter. It may develop non=hanctional protein or different protem which
develops new character in onganiam following are the two example of
poant mmutation.

sickle Cell Anemea

If 15 a disorder of Hemoglobin impairment. Affected indivaduals
contaln  erythrocytes that under low oxypen tension become
elongated and curved bBecause of the polymen=zation of hemogloban.
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The normal indadual has homosypous genotype HEY HbY while the
affected individuals have homozygouszs genotype Hb* Hb®  The

heterosygous  individuals do oot -—_—

suffer from this discase because “ = == = % =

over hall af their hemoglobin s St i s s cacaal o

normal.
Symptoms: Al severe stage of a

gickle cell anemia person  fecl
:I':.ﬂ.igu.l-.'. pain, fever, [ast beartbest

breathlessness and damage of - T g

VALOUS Organs. -

'II.'nu_m:: The penctic codes at _:au-:tl!': o

position for glatamic acld in [i- Al

chaun of hemoslobin s replaced by e
: * -

genetic code of waline, develop & =

guckle shaped K .B.C die to thas —

point mutation.

ey -l vl
Il . l-* Id
FETE PR T
-Iq__ I.

Bl wall™ & e "Bl
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Flg.22.20. %ickle cell anemia
Effect of Sickls Shape R.B.C
The abnormal hemoglobin in sickle shape BE.B.C lost oxygen

binding capacity so thess cells deliver less Op and accumulate in
blood vessels,

Treatment: Blood transfasion, analgesic and wse of high quantity of
fiuicd,. Bone marrow transplantation s the long term treatment of

alckle cell anemia.

Phenyl Hetonuria (FKU)
Inhented disorder whers a new born baby s unahle to converd

Phenylalanine, amine acid into Tyrosine called PhenylEetonaria. [t

15 due to the fact the baby 15 unable to synthesize an enzmyme

Phenylalanine hydroxyvlase. The gene for the synthesis of this enzyme

becomes defective due to poont mutabion. Thos poont mutation

converts phenylalanine inte phenyvl Ketone instead of Tyrozine which
dimages the nervous system. I appears n homosypous recessive

PETEDIL

Treatment: Avaad phenylalamne contaming dret at childdhood, and at

adult stage. An cspecial milk fermula Lofenalac iz available for PRU

infant.
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Chromosomal theory of inberitance states that the genes are
located at chromosome inherite through gametes.

Chromosome are thread like structure made up of highly
condensed chromatin material, appear during cell division.
Replication of DNA iz semi-conservative process.

Replication of DNA require helicase, DNA polymersse 1, 11, 1L,
primase and Ligase.

Rephication i the process which provide stability of genes from
generation to peneration but if any charge occur in DNA before
replication, it leads to vanation.

Gene expression 15 the process where information of pens 15
used (o produce funchonal produdct.

CiEne expression 1% consist i two steps §.e, Tﬁll‘l'!:il.'.l.'i'l'_ll'il:lﬂ Al
Iranisliation.

Transcription 15 the process where information present on a
specilic part of DNA s copied in a complementary form of mENA.
Translation process of converting imformation of mENA into
correct sequences of aminog acid synthesize protein.

Genetic code iz the set of males to store the penetic information
within DNA for a particular protein synthesis.

CODON is the triplet of nitrogenous bases on mENA which
encode one aming acd.

Hefore translation, the transcribed introns are spliced, cap and
tall are &dded to mRNA In Eukaryotic gene.

The process of turning ON and OFF a gene 15 called regulation of
EENS EXPreEssion

Introns are not useless part of gene, they play important reles 1n
positrve regulabion of gene eXpression.

Mutation is the failure to store genetic information faathfully.
The mutation may be sportenous or nduced, may be
chromosomal or genic, may e negative, positive or neutral.
Chromosomal mutation may be change in number of
chromosome o change in structure of chromosome.

F &




i)

Y]

Wi

wil)

!-L Chirdimeaaoms and DA
o EXERCISE |

1. Encircle the correct answer:

W. Button &and Theodor observed this behavior of

chromasomes.

|a) Formation (] Dastribution

{c] Stalning {d] Eeplication

Which 12 not the part of chromosomal theory of inhentance.

{a] Gametes do not make equal hereditary contnbution

(2] Chromosome segregats during memsls

{¢] Mucl=us 1% the room e l'.lEI'nl:!l:li.I'.'!TI!.' rmaterial

[d] Gametes have one copy of homalosous chromosorme

Mewly formed chromosome has two,

la) Chromands (5] Heterologous

c] Centromere ] Pairs

The complex of histone octamer and two loops of duplex DMNA
is.

|a) Chromomer (] Chromatin

ic] Nucleosome |d] Heterochromatin

osmall part of DNA which has information to synthesize specific
polypeptide chain 15,

{a) Genomes (2] Locus

] Gene {d] Nucleotide

According @ replication model, the parental double helix
remain intact and consereecd called,

{a) e conservative (6] Conservalive

] hspased |d] Eukarvotic replication
A protein which prevents the re-binding of complementary
strand during replication at fork is.

{a) DMNA helicase (] Ligase

c] SSEBE id] Primase

vii} The DNA strand which continuously replicate in the direction

ol 2 =3  called.
{a) Lagming strandd b5 Leading strand
lc] Peimer d] Okazaki fragment

p
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ix} Process where information present on gene is used o produce
a lunctional product by living organism called.

{a) Transcription

(5] Translaton
c] Gene expression
d] Regulation of gene expression
x] The set of males used to store the genetic mbormation wathin a
DMNA for particular protein synthesis is,
(a) Gene |b} Genetic oxdes
|c] Codon [} Anticodon

2. Write short answar of the following:

Il Why DNA 15 negatively charged miolecules?

1]  Why replication 15 called semi-conservative process?

i) Do penes of prokarvotic cell and eukaryotic cella are different

in stracture? If so give the main differences between themt
iv] What are leading and laggng strand of DINAY

v}  Oive the name of enzymes involved in replication of DMA, also
give their brief functions

vi] [ introns are trmnscrnbed, and invodve in transtatbion?

wid] Give changes occur in mENA during transport from nucleus o
cytoplasm.

vilp Cive site at nbosome and thear functions dunng translation,

ix| Draw structure of (ENA and give hunctions of their differend
aibes.

¥ Do mutation 15 alevays harmiul? Justfy you answer,

3. Give detail answer of following gueations:

i} Describe the chromosomal theory of inheritance?

1] [Descrnibe the sem conservative process of DNA replication?
i) Describe the chemical structure of chromosome.

i¥| Deesacribe the process of transcription during gene expression,
v| What 1s gene regulation how gene regulate durnng expression?




