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The work of Mendel und ofhers who follawed him gave us an
idea of nherifance pattems. However the nofire of thos= 'foctore!
which deferming fhie phenclype was nof vary cledr. As fhese
‘fuctons’ represent the genstic basisaf inheritance. undestanding
the struciure of genefic materal and the structural basis of
genolype and 'phenclype conversion became the focus of
attenfian in biclogy for the next cenlury. The entire body of
molecuiar blology wia o cansequant development with: major
contibutions from Watson, Crick. Nirenberg, Khorana, Kombergs

(fathisr and son), Bengsr, Monod, Brenner, &lc. A panllsl problem

being fackled wasfhe mechanism of evoliition, Awareness in the
arens of malecular genetics. shuchural binlogy and bin informiatics
have annched our undersianding of ths moleculor bosis of
svolution In this urilt the structune and funclion of DNA and fhe
slofyand theoty of svolution have been examined ahd explained.
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James Deway Watson was bom in Chicage on 8 April 1928, In 1947, he
recaived B.5¢. degrea In Zogiogy. During these years his infarast in
bird-watching hod matursd Info a senous dasine to learn ganatics. This
becarme possble when he received a Fellowship for graduats study in
Zoology at Indiana University. Bloominaton, whete he recelved his Ph o
degree in 1950 on asfudy of he effect of fand X-1ays on Boctarophoge
multiplicafion.

He mat Crick and discovared thalr common intesest I soiving the:
DNA stuciure. The firstsanious sffor, wos Unsatisfaciony. TTesecond sffon
based upon more exparimental evidence and bafier qapladpﬂon of
fhe nucieic acid Itemiure, resuited, edary In Mdarch 1953, In e propesal
of the complamearitary double-helical configuration.

Francis Harmy Compien Ciick was bom on 8 Juna 1914, ot Norhampton,
Fosicn Ciace a B.5c. in 1937, He compieiad PRD. In 1954 on a thesls anfitied "X-ray
Diffrachion: Polypeptides and Profaing”.

A crifical fnfiuence In Crick's coreer wos his Tiiendship with J. .
Wwatsan. fien o young mon of 23, leading in 1953 to the propesal of
the double-helical structure for DNA and the replication scheme: Crick
Wit mocic on F.RE Iy 19509

The honouls 1o'Waison with Crick Incilde: thie John Collins Warren
Prize of The Masachusatts General Hospifol, In 1959; the Lasker Awoard,
in 196{%; the Research Corporation Prize, in 1962 and above all, the
Nobal Prize In 1962
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CHAPTER 4

PRINCIPLES OF INHERITANCE
AND VARIATION

1.1

4.2
13
44
4.0
1.6

Mendel's Laes of
Inhertance

[nhertance of One Gene
Inlerilanee af T Genes:
S Peterminuton
Midatson

Genetle Isorders

Have vou ever wondered whv an elepliant slwavs pives
bitrth only 10 & baby elephant amnd not some other antmal?
Or why a manoo seed forms only a mango plani and not
any other plani?

Given (al ey do, are Lhe olfspring identical lo thely
parents? Or do they show diffetences in some of ther
charaotenstes? Have you ever wondered why siblings
somelimes look so similar to each other? Or somelimes
even so different?

These anid several relaled quesiions gre deall wilh,
setentifically, tn a branch of bology Known as Geneties.
This subject deals with the inheritance, as well as ihe
variation ol characlers [rom parents o ollspring.
[nheritance is the process by which characlers are passed
on rom parent lo progeny: 1L s the basis of heredity.
Variation 1s the degree by which progeny differ from thetr
parents.

Himmans knew o as carly as 8000-1000 B.C. thal
one of the canses of vadallan wias hidden in sexual
reprocduction. They explolted the vanations thal were
natumally present in the wild populations of planis and
animais to selectively breed and select for organtsms that
possésaed destrable chamclers. For example, through
arttficial selectlon and domestication from ancestral
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Character Dominant trait  Recessive trait  wild cows, we have well-Enown Indian
Secdd Ehapé @ @, hreeds. e.g.. Sahtwal cows in Punjab. We

Rond Wrinided musl. however, recognise Lhal though our
ancestors knew about the inherttance of
Seed colour O @ characters and variation. they had very
Yellow Gireen Hitle idea aboit the seleniific basis of these
= = phenomena.
- ! ‘( ) .y )
ower ool ) / -
e &f&’ 4.1 Menpev's Laws or INHERITANCE
Vinlel While

It was during the mid-ninefeenth century that

/’#"’ r_i' beadway was made In Lhe understanding of
Pud shape -’f;/ / mmhertlance, Gregor Mendel, conducted
“ hybrdisallon expertments on garden peas lor
w Connlricton seven years: (1856-1863) and proposed the
j_f-s-'?‘ /7' taws of mheritance n iving organisms. Durng
Bl it / i Mendel's tnvestl y;aLFuns to Inherttance
o palierns It was for the first Ume thal stattstical
analysts and mathematieal logic were applied
1o problems in biglogy. His experiments had a
large sampling size. which gave grealer
credibilily (o the dita that he collected. Also,
the confirmation of his inferences from
experimenis on successive generations ol his
_ test plants. proved that his resulis poinfed to
Terminal weperil rales of piheritance rather than belng
unsubstantaled tdeas, Mendel nvestigaled
characlers in the garden pea plant thal were
mantfested as (wo oppostog tmits, e.g., tall or
dwarl plants, yellow or grecn seeds. This
allowed him lo sel up i basle rmamework of
Tules governing inhentance, which was
expanded on by later scientists o acooumnt for
all the diverse nalural observations and the
, complexily herent in (e
Tﬁﬂ Dwart Mendel conducted stich artifictal
Figure 4.1 Severl pitirs of contrasting tralls in pollinallon foross pollinalion experiments
' pes plant studied by Memidel using several true-breeding pea lines. A trae-

brecding lne 1s one 1hatl. having undergone
m continuous self-pollination, shows the siable trail inhertance and
—_— expresston lor severa! generations. Mendel selected 14 tmie-hreeding pea

plant vartelies, as pairs which were stmilar excepl for one charmacier with
contrasiing tratts: Some of (e conirasting (raits selected were smooth or
wrnkied secds, vellow or green seeds, inflated ((ull) or consiricled green
or yellow pods and tall or dwarf plants (Figure 4.1, Table 4.1),

Yeollow

Flinawerr
Pesion

Stem
hietglil
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PRINCIPLES oF INHERITANCE AND VARIATION

Table 4.1: Contrasting Traits Studled by

Mendel in Pea
1. Siowhegiht  Tellfchiarf
= Floeverenlor || Vickstgustitte
3 Flower posttion. Axial) ferminal
4 Pod shope Inifiasel/ constricted
5 Pt cedenir Broen/gellots
5. Seed shape  Rousid/iwraded
7 Seext colouir Voedloaa/cresems

4.2 InperiTance oF OneE GENE

Lel us take the example of one such
hybridisation experimeni cammed out hy
Mendel where he crossed (all and dward pea
plants Lo study e llierilance of one gesne
(Fleure 4.2). He collected the seeds produeed
as a resnlt of this ooss avd grew them o
senerate plants of the first hybrid generation.
This generation 1s also called (he Filial

progeny or the F,. Mendel phserved (hat ﬂll
the F, progeny pl.rmia. were tall, lke one of
its parents; none were dward (Floure 4.3). He
made similar obsepvatlons [or the other pairs
ol tratts — he found thal the F always
rescmbled etther one of the parents, and that
the trait of the other parent was not seéen In
e y

Mendel then sell-pollinated the tall F,
planis and (o his surprise found it 1o the
Fillal, generation some of the offspring were
‘dwarf"; the characler that was not seen in
the F, generation was now expressed. The
proportion of plants (hal were dwarl were
1 /4 ol the ¥, planis witle 3/4% of the F, planis wre Lall. The Lall and
dwarf traits were Identical to thetr parenial type and did nol show any
hlending, thai is all the ollspring were cither iall or dwarf, none werm: of in-
between helght (Figure 4.3).

Stmitlar resnlts were oblatined with the other tratts that he studled:
only one of the parental tralls was expressed in the F ; Eeneration while at
the F, stage both the iralts were expressed in the proporiion 3:1. The
contrasiing iralts did not show any blending at efther F, or F, stage.
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MHOGY

Based on these observatlons,

Mendel proposed that something
was belng stably passed down,

!
=

Fpental : unchanged. from parent (o offspring
b4 through the gametes, over
specessive generallons. He called

Tull Lrwart

I:' 3
F,-geteraliin %
Tall

=

I, prneraninn

Tall

Figure 4.3 Dingrammalic represintation

these things as factors’. Now we call
them a5 genes, Genes, Lherelore. ane
the untts of inheritance. They
contain the imformation that is
required o express a particular traft
in an eigantsm. Genes which code
for a patr of conlrasting tralls are
known ax alleles, e, they are
slightly different forms of the same
£eTie.

Hwe use alphiabelltal symbols
{or each gene, then the capital letler
i used for the it expressed al the
F, stageand the small alphabet for
lhe oihier Lrall. For exsmple. in case
of the characier of hetghl, T 15 used
for the Tall Lzl and t for the 'dwarf”,
and T and t are alleles of each other,
Hence, 1n plants the patr of alleles
for hislght would be TT. Tt or K.
Mendel also proposed thal tn a trae
breeding, tall or dwarl pea vanety
the aflelic patr of genes lor heteht are
Identical or hemozygous. TT and tt, respeciively. TT and tt are called
e genotype of the plant whitle the descriptve terms tall and dwarf are
thie phenotype. What themwould be the phenotype of a plant that had a
genotype Tt?

As Mendel found the phenotype of the F| heterouygote Tt o be exactly
like thie TT parent in appearince. he proposed Whal tna patr of disstmilar
{aclors, one dominales the other (as in the F, ) and hence Is called the
dominant fartor while the olther [aoior is recessive . In this case T {for
tallness) s dominani over t (for dwarfness), thal ts recessive, He ohserved
Identical iehavicur [orall the other charadiers /irali-patrs thal He studied.

I b5 comveritent fand logteal) bo use the capital and lower case of an
dalphabetcal symbol to remember this concept of dominance and
recesstveness. (Do not use T for tall and d for dwarf becauise you will
find 1L difficult (o remember whether T and d are alleles of the same
gene/characier or nnl). Alleies can be sinilar as in the case of homozypotes
TT and & or can be dissimilar as n the case of Uy heleroeveole T, Since

Tall Tall Pweard

of mommhyirid cross
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PRINCIPLES oF INHERITANCE AND VARIATION

the Tt plant is heterozyeous lor genes cintbolling
one characier (helght), It Is a monohybrid and the
crass between TT and tt 1s a monohybrid cross.
From the observatlan that Lhe recessive parental
trail ts expressed without any blending in the F,
peneralion, we can infer that. when the iall and
dwarf plant produce gameles, by the process of
melosts, the alleles of the parenital palr sepamile of
segregate from each other and only one allele 1s
tramsmitted to s gamete. This segregatton of alleles
is A random process and so there s a 50 per cent
charice ol a gamele copialning el lher allele, as lias
been verified by the resulls of thie crossings, In this
way the gametes of the (all TT plants have the allele
T and the gametes of the dward it plants have the
allele t. During ferulisation the twao alleles. T from
cne parenl say, through (he pollen, and t from the
other parent, then through the ege, are unlled to
produce zygoles dutl have one T allele and one t
allele. In other words the hybrids have Tt. Since
these hivbrids contaln alleles which express
conirasting tratts, Lhe planis are heterozygous. The
production of gametes by the parents, the formstion
of the zygotes, the F, and F, plants can be
undersiood from a diagram called Punnett Square
as shown i Flure 4.4, I was developed by a British
genetivist, Reginald C. PunnetL. It 1s a graphical
representation (o caleniate the probability of all
possible genotypes of offspring In a genetic oross.
The possible gameles are wrilten on two sides,
usually the top row and left coliimns. Al pessible
combinations are represented tn boxes bejow n the
siirares, which generales a square oliiput form.
The Panmett Square shows the parental (all TT
(inale) and dwarf tt (female) plants, (he gameies
produced by them and, the F, Tt progeny. The F,
plants of genotype Tt are self-polltnated. The
symbols § and d" are used (o denole the female

leges) and male (pollen) of the F, generallon, respectively. The F, plant of
the genotype Tt when self-pollinated. produces gameles ol the genotype
T and t in equal proportion. When ferttlisatton (akes place, the pollen

Chilitietes

¥y gmcmlmn/

Figure 4.4

Dl
it

Oamolea

|

Fhenolyple vallo - tall © dused

& 1
Gennfyple atle. ST =T 2 1

| B R |
A DPummett squore  used (o

nitlersiimed v typhcl monalytril
cross conducied by Mendel
between irue-breeding toll planis
and’ trie brevding dwarf plunts

gratns of genolype T have a 50 per cent chance o pollinate egss of the
genolype T, aswiell as of genotype €. Also pollen graiins of genolype t hiave
a 50 per cent chance of polltnating eges of genotvpe T, as well as of
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MHOGY

genolype t. As g result of random ferttisation, the resallant zygoles can
be of the genotypes TT. Tt or tt.

From the Punneil square Il Is easily seen at 1/49 ol the random
fertthsatons lead o TT, 1/2 lead o Tt and /4™ (o tt. Though the F,
have a genotype of Tt, but the phenotypte characterseen is lall’, ALF,
3/4% of the planis are tall, where some of them are TT while others are
Tt. Extemnally 1t 1s not posstble to distinguish between the plants with
the genotlypes TT and Tt, Hence, wilthin the genopytic patir Tt anly ane
charaeter ‘T’ tall I1s expressed. Hence the character T or “lall’ 1s said Lo
dominate over the other alleje t or ‘dhwarf’ charscter. [t 1s thos doe to this
dominance of one character over the other thatall the F, are tall (though
the genotype 1s Tt) and n the F, 3/4% ol the plants are Lall [hough
genotypically 1/2 are Ttand only 1/4™ are TT). This leads lo a phenotypic
ratio of /4™ tall - (1 /ATT+ 1/2 Tt and 1/4% e, e, a 3:1mallo, buta
genotyple ratio of 12200,

The 174: 172 : 1/4 ratlo of TT: Tt: tt 1s mathematcally condensable
to the form of the binomial expression (ax +by). that has the gameles
hearing penes T or t I equal frequency of Y= The expression 1s expanded
as piven below @

(12T /2P = (1 /2T = 120 X (1/2E+ 1/2t)= 1 /ATT + 1/2Te + 1 /4t

Menle! gelf-pollinated the F, plants and found thal dwarf F, plants
continied te generate dwarl plantsin ¥, and F, genemtions. He concluded
that the genolype of the dwaris was homoxygons— tt. What do vou think
he would have gol bad he sell-pollinated a tall F, plant?

From the preceeding paragraphs 1 b elear that though the senotypic
ralios can be calculated using mathematical probabiitty, by stmply looking
al the phenotype of a dommant trait, it 15 not possible (0 know Lhe
genolypic compastifon. That is, for example, whether a tall plant from F,
ar I, las TT or Tt composition, cannol be predicied. Theredore, 1o determine
the genolype of a tall plant al F,, Mendel crossed the 1all plant from F,
with a dwarf planl. This he called a test cross. Ina typical lest cross an
argntan (pea plants here) showing a dominand phenotype (and whaose
genotype s 1o be determuned) 15 crossed with the recesstve parent nstead
of seli-crossing. The progenies of such a cross can easily be apalysed (o
predict the genolype of the les) organism. Flgure 4.5 shows e resulls of
typieal test cross where violel colour flower (W) 1s domimant over while
colouy Nower {w).

Usirgg Punnett squiare, try fo firid oud the nature of offspring of a lest coss.
Whalt ratfo did pou gelt?

Using the genolypes of this cross, can you give a general defintfion for
a lest cross?
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PRINCIPLES oF INHERITANCE AND VARIATION

f_.-'\-
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@ Bominant Phenotype @
Wi | Wi [Genotype unknowtl) | ww || ww
All flatpers are vialil Hall of the flowers are violel and
T B i hall ol the fowers are white.
i homeeygous dominamt Unknown lower s heterozvgous

Figure 4.5 Discmmimntic representation of 5 (est cross

Based on his observations on monohyhind crosses Mendel proposed
Iwo generdl rules o consolidate hits understanding of iInhentance n

monolivbrid erosses. Today these rules are called the Prineiples or

Laws of Inheritance: the First Law or Law of Dominanee amid the
Second Law or Law of Segregation.

£.2.1 Law of Dominance

() Characters are controfled by discrete uniis called factors.
) Factors ooour in palrs.
L) It a dissimilar pair of [adlors one mietiber ol e pair domioales
(dorntnant) the olher (recessivel,

The law of dominance s used (o explatn the expresston of only one of
the parenial characters in a monohybrid cross i the F, and the expression
of both i the F_. 1L also expliais the proportion of 3: 1 ablained at the F,

4.2.2 Law of Segregation

Thits law 1s based op the Eel that the alléles do nol show sny blending:

and that both the characters are recovered as such in the F, generation
tough one of these 1s nok seertal the Fstage. Though the parents contain
two alldes during samele formatlon, the Eelors or alleles ol 4 palr segregale
from each ather such that a gamete recetves only one of the Iwo [Retors
Of course, a homozygous parent produces all gameles that are similar
wihile a heterozygous one produces two kinds of gametes each having
one allele witlh equal proporilon.
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Results of monohivirid vross in
the plant Suapdragon, where
tne’ allole is Incompleicly

diomitnsd. over the athar allele

4.2.2.1 Incomplete Dominance

When expertmenis on peas were repeated ustng other
irails in olher plants; i was loand that somidimes
the F had a phenotype that did nol resemble elther
of the two parents andd was In between tie two, The
inheritance of Bower colour in the dog lower
[snapdragon or Antirrhirnm sp) 15 a good example
o understand meomplele domtnance, I a cross
between true-breeding red-flowensd (RR) and troe-
breeding wiite-flowered planis (rr), the F, (Re) was
pink (Figure 4.6), When the F, was self-polinaled
the F, resulted i the following ratlo 1 ([RR) Red: 2
[Rr) Pk : 1 {rr) Whiles. Here the genolype mlios were
exacily as we woull expect tn any mendelian
monohybrid cross, but the phenofype mitios had
changsd from the 31 dominant @ recessive matlo.
Whial happened was (hat R was nol complelely
domirant over T and thts  made |« passtble 1o
cistinguish Rr as pink from RR (red) and e fwhite) .
E‘:p_lnnatlun of the concept of domlnance:
What exactly ts daminance? Why are same alleles
dominant and some recesstve? To tackle these
quesions; we nust understand whial a gene does.
Every gene, as you know by now, coniamns the
micrmation o express a paritcular trait. Tn a
diplotd organism. there are two coples of each
gene, Le., asa pafir ofalleles: Now, these two alleles
nesd nol always be identical, as ina heterozypole.
Omne of them may be different due (o same changes
that it hasundergone fabout which you will read
further on, and in the nexi chaptery which modifies
Lhe mformmtion thal particular allele contams.
Let’s take an excsmple of 4 gene Lhal contains
the information for producing an enzyme. Now
there are two coples of this gene, the two allelic
forms. Lel us assume [as s more common| that
the normal allele produces the normal enzyme
that 1s needed for the ransformallon of a

substrate S. Theoretically. the modified allele could be responsible for

production of —

{1} the normal/less efficienl enzyme, or
) anon-functonal enzyme, or
(i) mo enzyme at all
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PRINCIFLES OF INHERITANCE AND VARIATION

In (he first case, the modifled allele s equivalent to the unmodified allele,
t.e., it will prodizee the same phenotype/irail. Lo, resull in the rmnsformation
al substrate S, Such equivalent allele palrs dre very conimon. Bal, il the
allele produces a non-funcllonal eneyme or no covime, the plisnolype may
be effected. The phenotype/trail will onty be dependent on the funciloning:
of the tmmadtfied allele. The nnmodified (moetonmg) allele, which represenis
the onginal phenovpe 15 e doninant allele and the modified allele 1s
generally the reeessive allele. Henee, tn (he excsmple above e recessive Lratl
ts seen due o non-funclional eneyme or becanse no enzyme is produced.

4.2.2.2 Co-dominance

Tl now we were discussing crosses where the F, resembled either of the
wo parenls [donithands) orwes in-between (Incomplele doritnance). Bul,
in the case of co-dominance the F, generation resembles both parenis, A
good example Is different types of red blood cells that determine ABO
hlood grouping in human belngs. ABO blood groups are conirolied by
the gene I Thie plasma membrane of the red blood cells has sugarpolymers
that protrude from 1s surface amd the kind of sugar s controlled by the
gene. Thegene (1) has three alleles B, Pand . The alleles P and P prodice
a slightlv dilferent form of the sugar whitle allele § does not produce any
sugar. Because humans are diploid organtsims, each person possesses
any two of the three I gene alleles. Pand J¥ are complelely domimant over
L. i other words when J* and i are present only P expresses {because
does nol produce any sugar). and when P and i are present P expresses.
Bt when Pand Fare presient logethes ihey bolh express thetr ownlypies
of sugars: this 1s because of co-dominance. Hence red biood cells have
both Aand B types of sugars_ Since there are three diffcrent alleles, there
are =ix differenl combinations of Uiese three alleles thal ane possible, and
therefare, a tolal of six different senotypes of the human ABO blood lvpes
(Table 4.2). How many plenotypes ane possthie?
Table 4.2 Table Showlng the Genetic Basis of Blood Groups
In Human Population

Parent 1 Parent 2 orfspring types of
offspring
r# Ti i b N
1 o par AB
I [E Jagm Afl re=—————
I iyl J A ! ikl (i B
i £ I®i H
I i i O
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Do you realise that the example of ABO blood grouping also provides
a good example of multiple alleles? Here vou can see that there are
more than two, Le, three allelés, governing the same chamcler. Since th
an individual only two alleles can be present, muliple alleles can be found
only when population studies are made.

Occastonally. a single g=ne product may produce more than one effect.
For ssimple, starch svnthesis in pea seeds Is controfled by one gene, I
has two alleles (B and b). Starch 1s synthestsed effecitvely by BB
homozypotes and (therefore, large starch gmins are produced. In contrast.
bb homozypoles lave lesser elliciency n starch synthests and produce
siialler starcl gratis. Aller maturation ol (he sesds, BB seeds are round
and the bb seeds are wrinkled. Helernzygoles produce round seeds, and
=0 B seems o be the dominant allele, But, the starch gratns produced sare
al intermedfatle stze in Bb seeds. So1f starch grain size s comsidered as
the phenotvpe. then from Uus angle. Lhe alleles show incomplete
dominance.

Therefore, dominance 1s 0ol an autonomous feature of a gene or Lhe
product that 1t has nformatton for. It depends as much on the gene
product and the production of a partteular phenotype from this product
as 1l does on the pardeularplienotype that we chvese Lo examine, In case
more than one phenolype Is influenced by the same gene.

4.3 Isusnirance oF Two GENES

Mendel also worked will and crossed pea plarits (hal differed b two
characlers, a5 15 seen 0 e eross belween a pea plant that has seeds with
vellow colour and round shape and one Lhal had seeds of green colour
and wrinkled shape (Figire 4.7). Mendel found that the seeds resulling.
from the crossmg ol the parents, had yellow coloured and round shaped
seeds, Here can you [ell which of the characlers in the pairs geliow/
green oolowg and ronnd Surinkled shape was dominani?

Thus, vellow coloor was dominsnl over green @nd round shape
dominant over wrinkled. These resulis were identical to those that he got
when e made separate monohybrid crosses betwean yellow and green
seeded plants and between round and wrinkled seeded plants.

Let us use Lthe genotypic symbols Y for domtnant vellow seed colour
and y for recessive green seed colonr. R for round shaped seedsand r for
wrinkled sced shape. The genotype of the parents can then be wnilten as
RRYY and rryy. The cross belween the two plants can be wrillen down
as in Figure 4.7 showing the genotypes of the parent plants, The gameles
RY and ry unite on fertilisation (o produce the F, hybrid Rr¥y. When
Mendel self hybridised the F, plants he found that 3/4" of F, plants had
yellow seeds and 1 /4" had green. The vellow and green colonr segregated
in a 3:1 rallo. Round and wrinkled seed shape also segregated inoa 3:1
ratto; just lke in a monohybnd cross.
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PRINCIFLES OF INHERITANCE AND VARIATION

P weriarling A @
I i
"n-__z‘
Hateirid yellow Wrinkled green
RE , ¥Y¥Y w ¥

=

- < @
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Figure 4.7 Hesulls of i dibybrid emes where the two parents differed i two pades
ol continsting Iraits: sotd eolotr and secd shape
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4.3.1 Law of Independent Assortment

in the dthybrid cross (Figure 4.7], the phenotypes round, yellow:
wrinlled, vellow; rounid. green and wrinkled. gréen appearad n the
ratin 9:3:3:1. Surch'a mailo was obsaved [or several palis of characiers
that Mende! studied.

The ratio of 9:53:2; 1 can be derived as a combinatton series of 3 yellow:
| green, with 3 round @ | wrnnkled. Thns denvatlon can be wrilien
a= follows:

(3 Round : 1 Winkled] (3 Yellow : 1 Green) = 9 Round, Yellow : 3
Wrinkied, Yellow: 3 Round, Green : | Wrinkled. Green

Based upon such observations on dihybrid crosses (crosses belween
plaziis differing In two tratts) Mendel proposed a secomd set ol generalisations
that we call Mendel's Law ol Independent Assartment, The law states Lhal
‘when two patrs of trails are combined in a hyhnd, segregation of one pair
of characters ts independent of the other patr of characters”.

The Punnetl sguare can be effectively used o undersiand the
mdependent segregation of the two patrs of genes during melosts and
the praduction of eggs and pollen in the F, RrYy plant. Consider the
segregation of one pairof genes R and r. Fifiy per cent of the gameles
have the gene R and the other 50 per cenit have r. Now bestdes each
gamele having elther R or £, 1t should also have Lheallele Y ory. The
imparian| thing o remember Hiere 15 thal sesegation of 50 percenl R
and 50 per cent ris fndependent from Lthe segregation of 50 per cent
Y and 50 per cert y. Therefore, 50 per cent of the r bearing gametes
has Y and the other 50 per cent has y. Stmitlarly. 50 per centol the R
hearing gametes lias Yand the other 50 per cent Iias y. Thus there are
folir genotypes of gametes (four types of pollen and four types of eggs).
The four types are RY, Ry, r¥ and ry each with a frequency of 25 per
cent or 1 /4" of the total gametes produced, When you write down the
Iour types al eges and pollen on the two sides ol a Punnetl square il 1s
very easy Lo dertve Lhe coriposition of the zvpoles thal give rise (o the
F,plants (Figure 4.7). Although there are 16 squares how many
different types of genotypes and phenofypes are formed? Note them
down i the format given.

Can yvou, using the Punnedl square data work oul the genotyple ratlo
atl the F, stage and fAll n the formal given? Is the genotyple ratio
also 9:3:3: 17

S.No. Genotypes found in F,  Thelr expected Phenotypes

4.3.2 Chromosomal Theory of Inheritance

Mendel published lus work on inheritance of characlers in 1865 but
for several reasons, 1 remalned unrecognised ull 1900, Firstly,
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comminmcation was not easy (as 1L ts nowj In those days and his work
could not be widely publicised. Secondly. his concept of genes (or
factors, in Menidel's words) as stable and discrete unlis thal controlled
the expression of trails and. ol the patr ol alleles which did not ‘blend’
wilh each viher was not accepled by his conlemporaries as an
cxplanation for Lhe apparently continuous variation seen in nalire.
Thirdly. Mendel's approach of using mathematics 1o explain blolegical
phenomena was lolally new and unacceplable lo many of the
biologists of his tume. Finally, though Mendel's work suggested thal
faclors [genes) were discreie unils, he could not provide any physical
proof for the existence of [actors or say what they were made of.

In 1900, three Sefentisks (de Viles, Correns and von Tseliermak)
independently rediscovered Mendel's resulls on the Inheritance of
characiers, Also, by thls tme due (0 advancemen(s in micmscopy thast
were taking place, sclentists were ahle to carefully observe cell division.
Thas led to the discovery of simctures mn the nuclens that appeared Lo
double and divide Jusi before éach cell division, These were called
chromosomes [colored bodies, as they were visualised by siatning). By
1902, the chromosomie moveamenl during metosts baed been worked out
Walter Sutton and Theodore Hovert noted thal the behaviour of
chromosomes was parallel to (he behaviour ol genes -and used
cliramosome movement (Flgure 4.8} Lo explatn Mendel's laws (Table 4.3),
Remall that you have studiied the behaviour of chiremosomes during mitiosls.
fequalional division) and durtng meiosis (reduction division), The
imporiant (hings (o remeniber are that chromoesomes as well as genes
oceur o patrs, The two alleles of a gene patr are located on homologous
sites on homologous chromesomes.

G G Meiosis | Meiosis 1] Germ o eells
anaphase anaphase
valent ) A )
B:’i -'J-J,l. i ‘ . 13"'*- - -
=ciw| ———
1\‘-._ll,.l ::1:; -

8|y | V) (===
N gy mg A ."""“"-

-\.‘—__‘I
N,/ Bl

Figure 4.8 Muviosis nnd germ cell formuiion n o ool with Ry dlromossmes.
Can you ser how chromosomes: scgrogale when germ colls
arc formesd?

i) B



MHOGY

Tahle 4.3: A Comparison between the Behaviour of Chromosomes
and Genes

A B
Oceur (n plirs Ocoter in pairs
Segregaie at the e of gamele Searegote al gamete formation and onlt
Jormation sucft that only one of each. one of vach pair is transmitted (o a
paiE b= fronstEiied o o grancie goamete

Independent pairs seqregate One puir segregates independently of
independenily of cach ather anothes pair

Cant et il (hiih of thisse colimins A or [ represint (e choompspime
ancl whih represents Yie gene® How did you decide?

Druring Anaphase of metosis | the two chromosome palrs cam alion al
the metaphase plale independently of each other (Fligure 4.9). To
understand this, compare the chiromosomes of four different colour in
the left and right columns. In the el column (Possibility 1) orange and
greer 18 segregatitg together: Bul in the sight hand column (Possibilioy
1) the omnge chromoesome & segregating wilh the ed chromosomes.

Possibility | Posstbility 11
Cme lomg orange and short green One ong orange and short red
chromosome and long yellow and - chmomosome and long yellow and

shaort Ted chromosome at the short green chromosome at the
same polo same pole
N[ﬂlﬂﬂs I mmplmu Mc-luais] Mmplm_uc
Melnals 11 - anaghase Meiosis 11 - ‘11|th abe
/()\ﬂ. .{“'Q g'\ () {\E;
L ol L
Germi cells Germ cells
S| B K3 E |8 | €| B
L! ! J LA ’ ! ’

Figure 4.9 Indepmdent assortment of chromosomes
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Sutton and Boverl argued (hal the patring and separation ef a
palr ol chromesomes would lead to the segregation of a pair of
factars they carmied. Sutlon united the knowledge of chromosomal
segregalion with Mendellan prineiples and called 1l the
chromosomal theory of inheritance.

Fallowing this synthests of 1deas, experimental vertfication of
the chromosomal theory of mhertitance by Thomas Hunt Morgan
and s colieagues, led to discovering the basts for the variation

{n} {13)

thal sexual reproduction produced. Morgan worked with the Uny  Figure 4.10 Drosophila
[riitt fhies, Drosophila melanogaster (Figure 4.10), which were  melanogasier (a] Male

foumnd very suttable for such studies. They conld be grown on

simple synthellc medium in the laboratory. They complete Lher Itfe
cvele inabout two weeks, and a single mating could produce a large
mumber of progeny (ies. Also, there was a clear differenttation of the
sexes —the male and female {lies are eastly distinguishable. Also, 1L
has many types of heredilary varlalions thal can be seen wilh low

POWET MICTOSCOPES.

4.3.3 Linkage and Recombination

Morgan carried out several dthybrid crosses tn Drosophila to stuily genes
thial were sex-lnked. The crosses were simiiar to (he dilivbrid crosses carmled
oul by Metlel tn peas. For example Morgan hybridised vellow-bodied,
white-eyerd females (o brown-bodied., red-eved males and intercrossed thetr
F, progeny, He observed (hat the two genes did not segregaie independently
of rach other and the F, ratlo deviated very significantly from the 9:3:3: 1
rallo (expecied when the two genies are Independent).

Morgan and his group knew (hat the genes were located on the X
chromosome (Section 4. 4) and saw quitckly that when the lwo genes in a
dihybrid cross were situaled on Lthe same chromosome, the proportion
of parenital gene conibinatlons were much Mgher (han e non-parental
type. Morgan atinbuled this due (o the physical association or linkage
of the two genes and cotned the lerm Unkage (o describe this physical
assorialion of genes on a chromosome and the lerm recombination to
deseribe the generation of non-parental gene combinations (Flgnre 4 11).
Morgan and His group also found thal even when genes were grouped
on the same chiromosome, some genes were very Ughtly Unked (showed
very low recombination) (Figure 4. | 1, Cross A) while others were Iposely
linked [showed higher recombirafion) (Figure 4.11. Cross B). For
cmmple he found that the genes-wihitte and yellow were very Ughitly linked
and showed anly 1.3 per cent recombination while white and mintature

wing showed 37.2 per cent recombination. His student Alfred
Sturtevant used the frequency of recombination between gene palrs:

on Lhe same cliromosome as a measire of the disiance between genes
and ‘mapped’ thetr position on the dlyomosome, Today genetlc maps
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are extensively used as a starimg point i the sequencing of whole
genomes as was done in the case of the Human Genome Sequencing
Project, descrilied later.

Cross A Cross B
Q o @ d
¥ W yow’ ﬁ m w' m
Wil Ll b Werld el Wit b diiee W e
Y o ¢ ¥

-
|
@

Hﬁ
wl m!E

F, generation
b 4 h
Wi type Vel it wild e Whikie. mifsbiivide
. e o

¥ B B
Purental Recimmbtiond Parenal Recmmliriari

type 98, 704) typest 1.3% Ly PGB lypesl37.290)

|
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Wty g e

] 1t w m
l:hl’:ﬂ oW T
Wit i biine sbliie
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w w. T3]
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Figure 4.11 Linkagss Risults of two dibybei! crosses condicted by Morgan, Coss A shows
crvssitys Between gone yoaad w Crsis B shanws crnssing betveen, poenes wonrnd me
TTere damininl wild type olleles e representicd willl 1] slgn in Supenseripl

Note: The sirensth of Uonkage between y and w is bigher o w and m,
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4 4 PovLycENIC INHERITANCE

Mendel's stzidies malnly described those Lrauis ol have distinel allemate
lorms such as llower colour which are etther purple or while, Bul if you

look around you will find thal there are many tralis which are nol s0

distinet in thetr cecurrenice and are spiread aomss a gradient, For exsunple,

in humans we daon't just have &l or short people as two distinet

allermatives bul a whole range of posstbie hetghts, Such Urails are gencerally
contralled by three or more genes and are thus called as polygenie traits,

Bestles the involvement of muliple genes polveenic Inherllance also lakes
nto acesunt the mfluence of environment. Human skin colotr s another
classie example for this, In a polvgenic irail the phenotype reflects L
comtribution of each allele, Le,, the effect of cach allele 1s addiive. To
understand this beller lel us assume that three genes A, B, C control skin

colour tn human with the dominant forms A. B and C responsthle (or
dark skin colour and the recesstve forms a, b and ¢ for light skin colour.

The genotype with all the domimamt slleles (AABBCC) will have the darkest
skin eolour and that with all the recessive alleles (aabbec) will have the

Behilest skin colour: As expecled the genotvpe with three dominant alleles.
and three recessive alleles will have an intenmediate skin colour. In this
marmer the mamber of each type of alleles tn the genotype wonld determine
the darkness or lighiness of the skin in an indwviduak

4.5 PLEIOTROPY

We have so far seen the effect of a gene on a single phenotype or tratt.
There are however instances where a single gene can exhibit muliiple
phenoivpic expression. Such a gene is called a plefoimopic gene. The
underiving mechanism of plefotropy In most cases s the ellect of a gene
on metabolle pathways wihilch contribute towards different plienolypes.
An example of this 1s the disease phenylketonuria, which occurs In
humans. The disease is caused by mutation o the gene that codes for the
cizyme phenyl alanine hydroxylase |single gene mulation), This manifests
lisell thrsugh phenolyple expression’ characlerised by menlal
retardalion and areducton i hatr and skin pramen Lation.

4.6 SeEx DETERMINATION

The mechantsm of sex determination has always been a puzzle before the
geneticlsis, The intttal clue about the genetic /chromosomal mechanism
of sex determination canbe traced hack to some of the expentments rarned
ont in insects. In fact, the cytological observations made tn & number of
msects led to the development of the concept of genetic/chromosomal
basts of sex-delermination. Henking (188 1) conld trace a specific nuclear _
structure all through sprrmalogenesis ina few Insecis. and it was also
chserved by him that 50 per cent of the sperm recetved this structure -
aller spermalogenests. whereas (e other BO per cent sperm did not receive
It Henking gave a name Lo this siracture as the X body but le could not

explain iis significance. Further mvestigations by other sclentists led Lo
the conclustion that the "X body” of Henkimg was in [act a chromesome
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and thal ts why 1L was given the name
X-chromosome. [t was also observerd that tn
a large number of insects the mechamsm of
sex determination is of the XO type, 1.e., all
eggs bear an additionat X—chromosome
bestdes  the other chromosomes
laulosomes), Un the other band, some of the
sperms hear Lhe X-clwomosome whereas
some donol. Eges fertilised by sperm having
an X-chromosome become females and.
those feritlised by sperms that do not have
an X-chromosome become males. Do you
think: the number of chromesomes in the
male and female are egual? Due to the
ivelvement of the X-chromesome 1n the
delerminntion of sex. Il was deslgnaled (o
be the sex chromosome; and the rest ol the
chromosomes were named as
autosomes.Crasshopper is an example of
XO lype of sex determination i which the
males have only one X-chiromosome besides
the aulosomes, whereas females have a patr
of X-chromosames,

These obscervations led Lo Lhe
investigation of a number of specles Lo
understand the mechanism of sex
determitnation. Ina number of other insects
and mammals Including man, XY {ype of sex

dhiffererices: ) Both W bumans sl
in Drosophila, (he feomule hus a per of
XX churinosones [Homogsmetis) and the
minfe XY [l ormgametic) compesition:
(el b musmy binds: femnke has o pair of
dlisstmibr chomesomes ZW amsd ol
twrs similar 72 chirmmessoes: '

delermination is seen where both male and
femate have same numbey of chromosomes,
Among the males an X-chromosome Is
present bul s counler pari s distinetly
smaller and called the Y-chromosome,

Females, however, have a palr of X-
chromesanes, Both males and females bear
same number of autosomes. Henee, the mals have aulosonies plus XY,
while female have aptosomes plus XX In human beinss  and In
Diresophitta the mates have ome X anid one Y chiromosomie, whereas females
have a patr of X-chromosomes besides autosomes (Figure 4.12 a, b),

In the above description you have siudied about two types of sex
determining mechantsms. Le.. XO Lvpe and XY type. But in both cases
males produce two dilesent lypes ol garieles, [a] ellher wilh or williont
X-chromasome or [b) some gameies with X-clromosome and some with
Y-chromosame, Sich ypes of sex determinailon mechani=m is deshsaled
(o be the example of male heterogamety. In some ollier organisms, e.g..
hirds, a different mechanism of sex determination s observed {Flgume
4.12 c). In this case the total number of chromosome 15 same in both
mitles and femaies. But two different types of gametes m terms of the sex
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chromosames, are proshuced by {emales, 1.e.. female heterogamety. in
order (o have a distinction with the mechantsm of sex determination
described earlier. the two different sex chromosomes of a female bird has
been destgnated to be the Z and W chromosomes. In these organisms the
females have one Z and one W chromosome. whereas males have a patrof
Z-chromosomes besides Lhe aulosames.

4.6.1 Sex Determinstion in Humans

It has already been menitoned that the sex delermining mechanism in
case af humans 1s XY type. Oiil of 22 pals of chiromosomes present.
29 palrs are exactly same in both males and females; these are the
antosomes, A palr of X-chmmosomes dare presend o the female, whiereas
the presence of an X and Y chromosome are determinant of the male
charactertsite, During spermalegencsts among males, two types of
gameles are produced. 50 per vent ol the total sperm produced carmy
the X-chromesome and the rest 50 per cent has Y-chromosome bestides
the autosomes. Females. however, produce only ane type of ovum with
an X-chromosome. Thete ts an equal probability of fertilisation of the
ovurm with the sperm camying either X or Y chromosome. In case the
ovim fertiltses with a sperm carrving X-chromosome the zyveote develops
Into a female XX) and the ferilisation of ovam with Y-chromosome
cartyving sperm resulls Into a male offspring, Thas. i 1s evident that it
Is the genetle niakeap of the sperm that determitnes the sex of the chilld
IL 15 #dlso evidenil that tn each pregnancy Lhere 15 always B0 per cent
probability of elthier a male or o female chld. It s unfortunale that th
our soclety women are biamed for giving birth (o female children and
have been ostracised amd -trealed because of this false nollon.

4.6.2 Sex Determination in Honey Bee

The sex determination in hopev bee is

based on the number of sets of  Parens Femuair M‘?:l“
chromosomes an individual receives. An '3*2 1-'
offspring formed from the unjon of a Mylpsls Mitosis
sperm and an ege develops as a lemale N = 1%
(iicers of worker), and an anfertilised  Someles f ":\('ﬁ;' ( lﬂ)
eug develops as a male (dmone) by means T N
of parthenogenests, This means thal the  F, Rlit)is Feminte
males have hall the number of 16 =
chromosomes than thal of a female. The Figure 4.13 Sex ditermination ln honey bee
females are diploid bhaving 32
chromosomes and males are haplotd, Le, having 16 chromosomes, _
This 1s called as haplodiplold sex-determination system and has special
e —

characteristic features such as the males produce sperms by milosis
(Flgure 4.13). they do nol have [ather and thus cannot have sons, but
have a grandlather and can have grandsons.

How 1= the sex-defermination mechanism dilferent 1o the birds?
Is the sperm or the eag respansible for the sex of the chicks?
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Figure 4.13Svimbols psed Inn the human ~ S0E other organtsms. are not possible tn case of

4.7 MuraTion

Mutation 15 a phenomenon which resulls in alleration of DNA sequences
and consequently resulls in changes tn the genotype and the phenotype
of an organtsm. In additlon lo recombination, mulaton 1s another

phenomenon thal leads to variation in DNA.

As you will learn tn Chaptler 5, ane DNA hellx runs continuously from
one end 10 the other in each chromatid, in a hghly supercotled form.
Therelore loss (delelons) or gain (Insertion/duplication) of 4 segmeni of
DNA. resull i alteration m chiromosomes, Stnee genes are known (o be
located on chromosomes. alieration in chromosomes results in

abnormalities or aberrations. Chramosomal

Male aberrations are conunonly observed (i cancer cells.
In addition to the above. mutation also arise due
fermalie to change 1n a single base pair of DNA. This Is known
as polnl mmiaion. A classical example of such a
sex unspreditied muulzitlon 15 siekde ooll anemin. Didetions anid nsertions
of base patrs of DNA, causes [rame-shifl mutalions
affected mdividunls [see Chiapler 5. _
The mechanisin of mulation is bevond Lthe scope
mating of this discussion, al this level. However, there are
many chemical and physical factors thatl induce
mting betvween relutives mutallons, These are refermed o as mutagens. UV
[Fonsitnueinens muiting) radlatlons can canse nnuilallons in organisms — 1L 1s a

mnlagen.

parents above and

chillélress Delow GENETI
[ir orzler of birth-lef to right) 4.8 c Disorp

parents with male child
affectod with discase

4.8.1 Pedligree Analysis

The ldea that disorders are Inherited has been
prevatling in the human soclely since long. This was
based on the herilability of certain characierisiic
features tn families. Alter the rediscovery of Mendel's
work the practice of analysing inheritance pattern of

fve Liadfecter] alfSpring tradls tn hounan betngs beggan. Siece i 1s evident that

conlmml crosses thal can be performed inpea plant or

pedigree amilysis mmman beings. study of the family hisiory aboul

inherttance of a particular trait provides an

“alternative. Suchananalysis of tralls bya several of generalions of a lamily

1s called the pedigree-analysis. In Lhe pedigree analvsts (he inherttance
of a particilar brall 1s represented n the familly tree over generations:

In heman genetes; pedigree study provides a strong wol, which is
utilised 1o trace the mhenanee of a spectlic trail. abnormalily of disease.
Some of the imporiant standard symbaols used n the pedigree analysis
have been'shiown In Figure 4. 13,

As vour have studied in this chapler, each and every feature in any
organtsm Is comirolled by one or the other gene located on the DNA present
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i the chromosome. DNA 18 the carmier of genetie information. 1 s hence
trnsmitied from one genemilon to the other without any change or
alterattom. However, changes or alleration do iake place occastomally,. Such
an alteraiton or change In the genetic matertal 1s referred (o as mutation.
A number of disorders in human befngs have been found to be assacialed
with the inhertance of changed oraltered genes.or chromosomes.

4.8.2 Mendelian Disorders

Broadly. genetle disorders may be grouped into two calégories - Mendelian
disorders and Chromosomal disorders. Mendellan diserders ane mainly
determinied by dlieratlon or mulallon in the single gene, These disarders
are transmitled o the offspring on the same lines aswe have studled
the principle ol inhentance. The paliemn of tnhertiance of such Mendeltan
disorders can be traced In a family by the pedigres analysts. Most common
and prevalent Mendeltan disorders are Hacmophtlia, Cyslie fibrosts, Stekde-
cell anaemia, Colour hlindness, Phenylketonuria. Thalassemin, ele. It is
mmportant (o mentton here thal such Mendellan disorders may be
dominant or recessive. By pedigree analysls one can easily understand
wheiher the trail in question is dominant or recessive, Stmilarly, the tmii
may also be linked to the sex chromosome as in case of hacmophilis i 1s
evident that this X-inked recessive trail shows iransmission from carmier
female to male progeny. A representalive pedigres 1s shown in Figare 4. 14
for dominani and recessive tratis. Discuss with your leachier and design
pedigress for characiers linked (o both amosomes and s&x eliromosome.
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Flgure 4.14 Représentalive pedigree analysls of (o) Autosomul dominant tralt (e example;
Mylomnic dystropby] (b Autosonal recessive trail (fof cxample: Sickle-ocll annemii)

Colour BHdness : Ii is a sex-linked recessive diserder due (o defect in
elther red or green cone of eye resulting in (athire (o discrdminaie beiween _
red and green colour. This defect 1s due 1o mutlatlon In cerlain genes —
present in e X chromoseime. 1L oecirs Inaboill B per ool of males and
only aboul 0.4 per cenl of [emales. This 1s becanse the genes thal lead o

red-green colour blindihiess aie on Lhe X chiomosome. Males have only
one X chiromasome and females have lwo, The son of 4 woman who canies
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the gene hias a 50 per cent chiance of betng colour blind. The mother 1s
nol herself colour hitnd becanse the gene (s recessive. That means that iis
effect 1s suppressed by her mailching dominant normal gene. A daughiter
will not normally be colour blind, unless her mother 1s a carmer and Her
{zther ts tolour bliind.

Haemophilla : This sex linked recessive disease, which shows its
Iransmisston from unalfecied carder [emale 1o same of the male progeny
has been widely studied. In this disease, a single protein that is a pant of
the cascade of proleins invoived in the clotting of biood 1s affected. Due o
this. tn an affected individual a stmple cutl will resailt i non-stop bleeding,
The heterorypons female (camer for hacmophilta may transmit the disease
io soms. The passtbility of a female becoming a hacmophilic 15 extremely
rare becanse mother of such a female has to be at least camer and the
{ather should be hacmophilie (unviable tn the later stage of e, The GEmily
pedigree of Queen Victoria shows a mumber of haemophilic desdendents
as she wasa carter of the disease.

Sickle-cell anaemia : This Is an autosome linked recessive brall Lhal
can be bmnsmitled from parents o the offspring when both the pariners
are carrier for the gene lor hetemiypous). The disease (s controlled by a
sinple pair of allele, HbAand HW. Oul of the three possible genotypes only
haomozygous tndividuals for Hb® (HLPHB") show Lhe diseased phenolype.
Heteromveous (HAHDS) indtviduals appear apparenitly unaflected but they
are carrier of the diseass as there 1= 50 per cent probabity of transmission
af the mulanl gene o (he progeny, Qms exhilbiiing sickle-cell igail
(Flaure 4.15), The defect Is caused by the subsittution of CGlulamic acid

Sickle-crell _!‘fl]ﬁ‘“ gene EEIE

1 2 b | 1 o] [ T 1 | | | Ei H T

FitaA, prirptic]e IS pepilce
Figure 4.156 Micrograph aof the rod blood ccils and the aming acld composition of the molewnnt

portio of fFehain of haemoglohin: [3) From a naemial mdivideal: (b Prom an odividual
wilhi sickle-cell anamnia
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{Glu) by Valtne [Val) al Lthe sixth postlion ol the beta globin chaln of the
haemoglobin molecule. The subsitution of amimo actd In the globin
protein results due to the single base substitution at the sixth codon of
the beda globin gene from GAG (o GUG. The nutant haemoglobin molecule
undersoes polymersation under low oxygen tension caustng the change
m the shape of the RBC from blconcave dise (o elongated sickle ke
structure (Flgure 4. 15).

Phenylketonuria : This inbom error of metabolism 1s also inhertted as
the aulosomal recessive trall. The affected mdividual lacks an ensyme
that converts the amtno acid phenvialanine inlo tyrosine. As a resull of
this phenylalanine is accumulated and converted nio phenylpynivic actd
and other dertvatives, Accumulation of these in bratn results in mental
retardation. These are also excreled through urine because of 1Ls poor
absorplion by kidney.

Thalassemlia : This Is alse an autosome-Unked recessive blood disease
transmitted from parents to the olfspring when bolh (the pariners are
unaffected carner [or the gene (or helerozvgous). The defect conld be due
to etther mutation or deletton which ulitmalely results tn reduced rate of
synthests of one of the globin chains (o and 8 chains) that make up
haemoglobin. This causes the formallon of abnomal haemoplobin
molecules resulting into anaemia which 1s characiertstic of the disease,
Thalpssemin can e classtied according (o which chatn of the haemaglobin
molecule 1s affected. In ¢ Thalassemia, production of o globin chatn 15
affected while tn § Thalassemia, production of £ globin chatn is affected.
o Thalassemita 1s contrmlled by two closely inked genes HBA| and HBA2
an chiromosome 16 of each parent and 1Lis ohserved due Lo mutation or
deletion of ane or more of the four genes. The more genes alfected. the
less alpha globin molecules produced. Whitle § Thalassemia 15 controlled
by a stngle gene HBB on chromiosome 11 of each parent and ocours due
to mutation of one or both the genes. Thalassemia differs from sickle-cell
anaemia tn that the former 1s a guantative problem of synthesising oo
few globin molecules while the latter 1s a gqualitative problem of
synithiesistng an incorrectly functioning globin.

4.8 .3 Chromosomazl Disorders

The chraniosomal diserders on the olher hand are caused due Lo absence
or excess or abnormal arranpemen! of one or more cluomosomes.

Fallure of segregalion of chiromatids during cell division cycle resulis
tn the miln or loss of a cliromesomels), called aneaploidy. For example,
Down’s synidrome resulls i thie gatn ol extra copy of cliromosome 27
Similariy. Turner’s syndrome results due w loss of an X cliromosome L
human females. Fatlare ol eviokinests aller telophiase stage of cell divisian
resillls Iy @6 ncrease in a whole sel ol cliromossnies In an orgarnism and,
this phenomesion 1s known as polyploidy. Thits condition 1s oflen seen
plants;

The total pumber of clirsmosomes i a normal iman cell 1s 46
23 patrsh. Oul of these 22 palrs are aulosomes and one patr of
chromosomes are sex chromosome. Someltmes, obgh rarely, either an
atldillonal copy of a cliromoesanie may be included tn an individual or an
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Flgure 4.17 IHagrmmmmalic refiress-
ntatipn of gonetle disorfers due o sex
chromosome conyposition in Momars
) Kiinefelter Syndyome? (b Turners
Syndrome

individual may lack ene of 'any one patr of
chromosomes. These siiuailons are known as (rsomy
or monosomy of a clirsmosome, respectively. Such a
siluauon leads Lo very serlous consequenoes in the
mdmadual. Down's syndrome, Tumer's syndrome,
Kitnefelier's syndrome are common examples of
cluromosomal diserders.

Down's Syndrome : The cause of this genetic disorder
Is the presence of an additlonal copy of the
chromesome number 21 (nsomy of 21). This disorder
was first deseribed by Langdon Down [1866). The
affected mdividual 1s shorl statured with small round
head. frrowed tongue and partially open mouth
(Figure 4. 18], Pahm 1s broad with charactensiic palm
creagse. Phyvsical., psvchomolor and miental
Hevelopmenlt is relardied.

Klinefelter's Syndrome : This genelic disorder 1< also
caused due o the presence of an additional copy of X-
cliromosome resuliing inlo a kKanvotvpe of 47, XXY.
Such an individoal has overall masculine developmenit.
however, the feminine development (developmen
ol breasi. Le. Gynaecomastla) s also expressed
(Flgure 4. 17 a). Such individuals are sterle.

Turner's Syndrome : Such & disorder s caused due

torthe absenee of one of the X chromesomes; Le., 45wilh X0, Such females
are sieile as ovatrles e nudimentary besldes other features including

lack of other secondary sexual chamclers |Figure 4,17 b),
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PRINCIPLES oF INHERITANCE AND VARIATION

SUMMARY

Genetics j8 o branch of blology which deals with principles ol inberitance
and s practices. Progeny resemiling the parcols in mocphiolo@icn] and
pirvsiotoyfival features tms attracted the attenfion of omoy bologisis y
Mendel was the fimst to study this phenomenon systematically. While 4
studying (he pattern of inherilance in pes plants of comtrasting
chiarmelers, Mondel proposed the prineciples of mbeeltance. which ane
lﬁdn:." referred Lo as ‘Mendel's Laws of Inherlianee. e proposed tnt

thr ‘fEctors” (mter moamed 6 genes) regointing the chmracters ore found

generatinns (F,), seoond I,'F',] amdl so on. Some charmetens are dominan
over dlhiers. 'l‘hl: dominanl chargeters ore expres=ed when hilors ane
i Hetermoygous condition [Lew of Thaninnnec). The recessive charcters
are maly expressed in homorygous oonditions: The chamciers never
birmd i heterozygons comdliion. & mooessive chamacter thal wos i
expressed in heterozygons conditon may be expressed again when il
becomes Bomosypous, Henee, charmelors sopregate while formation of
pgrneles (Law of Segregailon).

Noi all chumciors show trac dominance. Seme chamcters show

meomplete, and some show oo-dominance. When Mendel studicd the
inlu Atance of two cluricters togettier, I8 was (ound that the factors
indeprndently assort and. combine in #ll permulations and
combinntions [Low of Indeperdent Assortmend). Diferent. combinntions
of gametes are theoretically mepresented in o squarne fnbuador form koown
as Tarmmctt Square’,  The factors (now known as gene) on chromosomes
mepuliting the chiameters are ealled ihe genistype and the physical
exprvssion of the chogwncters 8 ealled 'phicnotype.

Alter knowing, Lhat (he genes die lochted on il chromasomes, o
good eorrelntion wos dmwn between Mendels fows Segregntion: and
assorimend of chromosemes: diming molests, The Mendel's lows were
extembed in the furm of "Llu'mlrmmmj Theary of Inhevitaner'. Liter, #
wits found thal Mendel's taw of independent assortment doss not hold
true for the genes that were loeated onolhe samme cliroimasomes. These
grncs wore called s Tfinked genes”, Clokely Jocated genes nssoried
ingeiher. omd disinnily locniod gepes, gie (o recombinabion. assoricd
independently. Linkug mups, therefore, comesponded (o arrangement
of genes on i climmisome.,

Many geties were Unbked W sexes alsn, and éilled s sex) Bileed
pernes T twey sexses (e sl femude) were Tourd Go liee ' sel of
chromosomes which wers common. nmd anoiher sel which was
different. The chromosames which were different in two sears werne
nameil as sex chromosames, The remalning sel wak named as
mulpsomes. In homans, 8 pomul female hos 22 pairs of aolosones
arel o pair ollsex chromtsomes (3. A male has 23 pairs ol aofossmes

n pomir of sex chromosome s XY, In chicken, s chromosomes in
male art ¥ and in females are W

Mulation |s defined as chonge in the gimetle mutorial. A polnt
mutation ks a change of a snfle base pair in DNA Sickle-cell anemiy is
causnt] due o' change of one base in the gorie coding for beta-chain of
hrmpgiobin. inheritmble muinitons con be studied by generabing o
pedigree of n family, Some mutntions: imvolve changes m whole set of

s
n puirs known as alizles. He obsorved thol ibe expression of the <
chameters | e offspring follow & definlle pattern 0 diflerent—first
;
Il-..

i) B



78

MHOGY

chrimosomes [polyploidy) or clange in o stbsel of chromosome mamber
(aneuploidy]. This helped in ondersinnding the mumintionn]. bosis of
penetic disorers. Dowivs syndrome ts dioe (0 insomy of chromosamo 21,
where there s an extri copy of chmomesome 21 and corsequently the
totad pumbir of chromosome becomes 47, In Tumer's syndrome, one X
chromosome s missing and Lhe sex dhiromosome s os X0, und in
Klineliltve's syndromic. Lhe eondifon s XXY, These can be caniby stodied

by anabesis of Kanyolypes.

EXERCISES

1.  Mentlon the advininges of selecting pen plant for experiment by Mendel,

2. Differentinte bedween the following -

{n) Dominonce and  Recessive
{b) Hismozygouws und elerazygows
{e) Mooohybrid and Dihybrid.

& Adiploid orgardsm is elerosymis focd oo, howrmnmy Depes ol gametes
cun b prsdueod?

4. Expluin (he Law of Dominonee gaing o monohyhrid cross.

5 Pefine and design' n test-cmmss

6, Using o Punnctl Sqidire. wiorkout e distribolion of phonolyple foatures
in Ui first filial geoesstion altiee o brmss belween o homesypoos Femnle
and 0 heleregygous male for a single locus,

7. When a emes in muele between tnll pland’ with yelliw: seeds ([THY Y} ane
tall plarl with green sedd (Tiyy), whol proportions of phetiolype B the
affsprmg] comild Be expocted 1o be
{a) tall and green
i) dwnef amd green.

B Two heiémiydois parerils ane erosSed I e fao loel ore lndoed  whint
woukl be tie distribiition of phienotypic fealtires in F, generation for o
dibybrid cross?

9, Hrefly mentbon the contrbution of T.H. Mocgan in genellies

10, What ts pedigree analy=is? Suggest how siich an analysis, oan be useful,

11. How fs siex delermined in huimon belngs?

12, A ehild hzs Blosd groap O, 7 ihe fther bas blood goup A amed mother
blood group B, work aul e geootypes of the parents and the possible
penotypes of e othor oflsprings,

13, Explain the following terms with examplc
{a) Co-dbminonee
(L) eompliole dorminumee

14 What b potnl mulition? Give one cxmmghe

I15. Who had propesed the chraomosomal theory of e imheritance?

16, Menblor sy two ‘uuloesnmnl genelle disorders with thelr symploms:
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