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CHAPTER 8

-»8| Heredity

£ hive seen thal reproduciive processes give iise 1o new mdividials

Lial dre stmitar, but subtly different. We have discussed hing gome
amoint ol varalon is prodiced even dunng asexual regrodoction, And
the number of successful vanations are maximised by the process of
sexual reproduetion. IFwe observe a Mold of sugarcane we find yerv Utte
variallons among the individoal planis. Bual in 8 number of antmals
ncinding human beings, which reproduce sexually, guite distione
variations ane visible among different individuais, in thits chapter, we
shnll be sindvine (he mechantem by which variations are created and

trabetdtod.

B.1 ACCUMULATION OF VARIATION
DURING REPRODUCTION

o

Figure 8.1

Creaiton of dipersfi)) over succeeding
denerntions., The orsgind! armpeontsm dl dhe bog
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tn Body destgn, bt with subtie difforences.
Euch of themy; ) bormdl, ot ghise e (o (oo
tricfietoimats fn thie mexd g Each of
tee o el B e Botform reald dall
b= cliffenertt front doch other Wil soire gf
these differennes wll be wnkge, others undl

b mifuertled from thetr respecliine parends,
iohe ooirre differer froml cach of Her,

Inhierilanee frotg the previous generation provides
btoth & common basie body destgn, and sulilo
changes i, for the next genermtion. Now think
about whatl would bappen when Hils new generstion,
in 1S tum, reproduces. The second generalion will
lave diferenees that ey berlt from e Nest
gmeralion, as well as newly created differences
[Fig. 8.1).

Figare 8.1 would represent the sitiatton i &
smgle mdividual reprogduces, js happens in asexal
reproduciicen, Hone byctenum divides, and then the
resullant Iwe baclerta divide again. the four
ndividual badtern penetsited wonld be very similar,
There would bo arily viery minor differences belwoeet
them. generated dueto small inaccuracies i DNA
copying However, If sexual reproducton s fnvalved,
even greaier diverstty will be generated, as we will
sov When woe dismiss the mles ol inherianee.

Do all these varations o a specles have equal
chanees of surviving n the esstranmendt o whieh they
find themseves? Obwiously nol. Depetiding an L
nfume of wartallons, different tndividuats wonld Lo



ditferemnit kineds ol advantag's. acteria that can witlstoned heal will surviwe
beiter i a hedl wave, dswe luve discussed carller. Selectot of variants
by environmenial faeiors formis {hi basis for evolulionany processes, as
wir will distuss (i later sechons:

! oo brmit A cxtsls o 109 of & pogmibation of an paesually nepeoducing

apeiees and b Ezhil B edtsls (0 60 of Lhe same poptilalios wihich trub
is liksly (o huwe saris=n eaxlies?
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i does the aiestion ol swsatalbings B speciEs prirmols sorvival!

8.2 HEREDITY

Themaest obvious cuteome of the reproductive process still remams the
generation of ndividuals af similar design. The rules of herodity determine
the process by which tratts and charactenstics are rellably inbersted. Lot
us take a closer look at thise rules.

8.2.1 Inherited Traits

What exactly do we mean by similarties and differences? We know Ll
a child bears ail the basic features of a human betng, However, 1 does
nol ook exactly like its parents, and human populations show 4 greal
de=al of varintion,

Activity 8.1

¢« dbserve the enrs of alt the students g lhl!nh:u. Prepare st of
stindenils hnving freé or attached earlobes and calrulate e
peroentage of students having each (FIl. B 9) Find oul aboul (he
enriohes of the purnts of each studend in the class. Correlate the
cariphe type of each stident with that of thetr parents. Hased on.
thits evidenice, sugggest o posstble mie for the mbeniatee arm:mtm
I:ypm.

8.2.2 Rules for the Inheritance of Traits —
Mendel's Contributions igare 82

The rules for inherltance of such tratts in iman betngs are related 1o /@ Free "’#Tﬁi":“fg‘;ﬂ
the @ct that both the father and the mother conénbuie practically equal o e ear called the
amounisof genotic material to the child. Thits means that each tratt can  coviobe, & closey affached
he influenced by both paternal and matermal DNA. Thus, for each (raft o the stde of the head tn
there will be two versions in each chifld. What will, then, the rall secn In ::‘";; h"ﬂ";s“ F:-_‘L”L 4 t;;’;
the child be? Mendel [see box) worked out lluf maln ndes af such g et b are i
mhertance, amd it is mteresting (o look al some of s expertments oM paramis foind o hieran

muore than a Ceniuiry ago. PR iELs,
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atbematies at the Universily of Viesina, Fatture in/{he examinations fora

1o keep count of tndividiials exhibiting a particutar traft in each groeration.
This helped him to arive al the laws of Inheritance.

Mendel was educsited tn s monastery and went on (o study sdlence and
teaching certiicate did ot suppress s zea) for selentic quest He went
back to his monastery and sturted growing peas: Many others had stodied
e mheriance of tralls m peas and other orgamsms carlter; bul Meadel
blended hits knowledge of solenice and mathomatics and was the first one

Mendel used a mumber of contrasting visible chiamacters of garden
pras—round fwrinkled seods, tall/shon plants, while fviolet fowers and
so o1 He ook pea plants with diffetent charsotertsties — s (all plant and
a short plant, produced progeny by crossing twem, and calemtated the
percentages of tal or shorl progeny. g

In (he fipst place, Hiere were no Halfway charclensticsin thisfirst-
peneration. or F1 progeny— no ‘medinm-helght” plants. All plants were
tall. This meani that only one of the parental traiis
was seen, nol some ndxture of the two. So the next
question was, were the tall plants in the Fl

L]
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- E : ; -:_-‘-{ :-.. gereration exaclly the sume as the tall plants of the
TR ,z-t (A parent gruersion’? Mendellan experiments test this
o M Hﬂ__f? L bygoting both the parenial planits snd these F1 tall
R s fal ',':_% ',:',_i_ ol plants (o reproduce by selFpolltnation. The progeny

1P AL S i I; e | oftheparenialplantsare. of course. all . Howvver.

kg o the second-generation, or F2, progeny of the F1 tall

v

. F:"' :T plal;tf are 1111?]! 'ﬂlm fall. irmltmdl ;::}f tcl[lmnf-lzilfitltﬂ
: are shorl. This indicales that w lallness ar
My A My e ey shortness trats were mbertted in e F1 plants, but
ok TEE i " ; {9.: only thi Lailtiess trall was cxpressed. This lod Meidel
b § o A N [ PIUPIHE [ﬂiﬂﬂﬁ ! TS,
E.F r 'ih{_*‘f l’t" Ii':i' ._§T -.; 5 %Wﬁéﬁp@iﬁiiﬂ%ﬂﬂ;
_.,-',*, 'j__,L_ 'f.};r ',r <9 g - ‘These two may be 1dentical, or may be
Tl Tall et Tl Tall Eﬁn:: different, tiismtthug on the parentage. A patiesu of
T} d hall mmn il m i “1!“- riance can be “ﬂ'kﬁl ol with this .HSEI.HB'{IHHIL
asshown in Fig, 8.3,
Flgure 8.3
Inferttivnice of tratls P :
AT LE T TR LA A.ﬂi'ﬂtj" 3.2
o Fig 8.3, what wqﬂ;l__dfmmmmuwurm
- generation did o Bled bave o D20 b of T, T and o traft
comblinaticns?

In this explanation, both TT and Tt are tall plants. whileonly ti s a
short plant. In other wards. a stngle copy af “T is enoiigh to make the
plant tall, while bodh coptes have tuhl: " for the plarnt 1o be short. Tralls
ke T are called domtnant tralls, while those Wal beliave Uke 1 are
called recessive Lralls, Work oul which trall would be constdersd
dominatil and wilch one recessive (o Flg 8.4,
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Whal happens when pea plinls showing two different
charmclientstics, rather than just one, are bred with each other?
Whalt do the progemy of a lall plant with ound seeds and & short
plant with wrinklod-seids ook lke? They are all (all and lave
ol seeds, Tallness and round secds are thus dominant (ralls.
ot what happens when these 71 progeny are used (o generate
F2 progieny by seff-poliination’? A Mendelian experiment will fnd
thal same F2 progemy are tall plants with round seeds, and somo
wire short plants willi writikled seeds. However, (here would also
bir sogzie F2 progeny Uil showsd new combtnations. Some of them
woiild be @&l bt leve wrinkled seeds, wiille olhers would e shorl.

but have round seeds. You can seeas (o How niow combinaUons of

Lralls are formed ' F2 offspring whon factors controlling for seed
shigpe and seed colour recambine (o form sviole leading Lo formm
F2 aflspring (Flg. 8.5). Thus, the all/short (rail and tie rournd
seed /wrinkled seed (it are independently inherited.

8.2.3 How do these Traits get Expressed?

How does the mechantsm of heredioy work® Cellular TINA is
U trformma on source for meading protetns i the ool A section
of DNA that provides mformation for one prodeirr s calted the
gone for thal protein. How do proteins conlrol (lie
chamcierstics that we am diseossing here? Lot ws (ake the
example of laliness as-a characierisiic. We know thal planis
have hormones that can tngeer growth, Pant beight can thus
deponed on the smount of a partteniar plant hormone. The
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amount of the planl hormone made Will depend on the
efficiency ol the process Fm'rnniml;qlL Cm:add.r-rnrm' ‘AN enzyme
that s important for this process. [ Lis enzvme works
efiictenily, 4 10t of hormone wiii be made, and thie plant wit be
tall. 17 the gene for that eneyme has an aleration (hat makes
Le ereovmie less effictent. the ameunt of hormone will e less,
and the plaril will be short, Thits, gepes control churao ensiies,
GF tralls.

If tie mterpretations ofMendellan expentmenits we have beent
disiussing are correct, then both parents mmst be contributing
eqqually (o the DNAof the progeny dunng sexnal reproduction,
Wi liave dissoussond this issoe tn the previous Cliapier. I both
pearets can hieip detemmitne the tradt in the progeny, both parmis
mist be coniribuling 2 copy of the same gene. This means thal
extich pea plant mimst Bave two sels of all gees, one inhienitid thom
each parenl. For Lhis mechantsm o work. each germ cell must
Fave craly one gene s,
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How do germ-cells make a stngle sel of genes from the narmal two
cupies that all athier cedls tn the body have? I progeny plants tnherited a
single whole gene sel from each parent, then the experiment explatoed
In Flg, &5 cannot work. This 18 because L two characloristics 'R aml
¥ would then be inked o each sther and cannot be tndependently
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tndependlent mheriance
al lwro Soparate tralls.
shape and colour of seeds
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tnhertied. This Is explatried by Lhe fact thal each gene sel 8 present, nol
as a single long thread of DNA, but as sepamate independent pleces,
cach called i chromosome. Thus, each cell will have two coples of cach
chromosome, atie cach fmm the make and female parents: Every gorm-
cell will lake onie chiromosome from eacl patr and these may be olefther
malernal or paternsl orighn. Whet two germ cells combine. they will
restore e normal number of oliromesomes 1 the progeny, ensuriig
the siabllity of (he NA of the species. Sach a mechanism of tnherftance
explains e resulls of the Mendel experimoents. and 1s used by all
sexually reproducing organisms. But asexually reproductng organisms
also follow similar rules of mberitance. Can we work oul how thetr
Inhenizanee might work?

8.2.4 Sex Determination

Wi have diseussed (e idea thal the iwo sexes participaling in sexal
repiroduction st be somewhal diferent from each other fara rmimber
of reasans. How Is Lhe sox of a newborn tudividual
Hetermntred? Dilférent spectes use vimy dilferent sirstoges
for this. Some rely entirely on covirotunental cues. THus.
In some ammals ke a few repliles. the lemperature at
whnch fertilised eges are kepl debermines whether (e
animals developing in the eges will be male or female. In
other antmals, snch as snatls, individuals can change sex,
mxhicating that sexts not genettcally dotermined. However,
m human betngs, the sex of the individual 1s largely
gencticatly determmined. In ofther wonds, the genes inbierited
fromn our parents deetde whetbier we will be boys or giris.

But so far, wo haye sssumed that stdlar geme sels are
tnherited from both parents, 10 ban s e case. bow can
genelic inheritance delormine sex?

The explanation ltes o the fact that &l human
clirpmaosmes are 1ot patred. Most human chiremosomes
have a malernal and a paternat copy, and we have 22
siteh patrs. But one patr, called the sex chromesanmes, 1s
odd in nol alwavs being & perfect pair. Women have o
perfeet palr ol sex chrmmosomes, hoth called X But men
lzvee a mdsiril clied patr tnwidel one 1s a normal-sked X
while the oller is a shorl one called Y. So wortient are 200
while men are XY. Now. can we work oul whal the
inherttance pattern of X and Y-will be?

As g, 8.6 shows, hall the chitldren will be boys and
ﬂ half will be girls: All chifidron will inhiertt an X chromosome
from thelr mother regardicss of whether they are boys or
sale  g@iriss Thus, the sexof tho children will be dotermined by
what they inhent from thetr Gther A child who tnherits
an X chrmmosmme from her father will be & girl. and one

wha mhertts a Y chromosame from htm will be a boy,
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Q UESTION S

How do Mmidel's expertinenls sbiow Uil tralls tiay be dominant or
TSy

How do Mendel's exporimentgs nhow thot Eails are inherited
lirileprenidenily ™

A man with Bood geotep & minerdes i woruan with oo groags O
thetr doughizr has blopd group ©. & this iefoemation epoogh o =1 you
widich of the (rults — ool gronip A or O — 5 dumiran? Why o wity iat?

How 1 Lhe siex of the clidd distemmitnedd fo lombn bedtigss

o

Variations arising during the process of reproduciion can be Inheriled.

These variations may lead (o thoreased sinvival of the individuais.

Sexually reproducing individuals have nmmpuw of wﬁ:rﬂm‘gnm bt 1 the
eoples are nol Identical, e trai sl gets expressed Is calléd the dominsnl el
nnd the olher 1s called the recessive Lmtl

Tratls tnone individual may be inhertied separately, giving tise to new combimations
of tralts tn the pifspring of sexual Teproduction.

Sex s determined. by different factors {n various species. 0 human hetngs, the

::IF: of mvch!m deperids onwhethier e paternal chiromesemee & X (for girls) or Y
or

1.

AMendeltan expertent conststed of braeding all pea plants bearing violel lowers
with shori pea plints beirmg white fiowers. The progeny all bore viokst fowers,
bl atenost il of them wore shorl. This suguests lal e gevelic make-ap of U
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- A study Tourd I:hatmﬂd:mlmu:ughl-tmmud ayes ane Hkely (0 have paronts

with Hght-rolonred eyes: On this basts, can we say anyihing aboul whether the
Hght ey colour trall 1s donitnsnt or tecessive? Why or why niol?

Outhne & project which dtms (o fnd the donmnat coil cofout 1n dogs,

. How is the equal genelic contribuition of male and female parents ensured

the progeny?
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