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We have stodisd i early classes that the scientihc study of
inherted chamcters from parents to offspnng, their pattern of
iheritance and causes of variation called Genetics. In the course of
history the simplcity was réeplaced by complex guestrons ke what
factors account for simlanties between generation and vaneties?
What 1= inherited and what is not inhernited? What heredity factors do
members of apecies have in common and in what factors do they
differ? How we can controd heredity? Thess questions are addressed

by Mendelian, non-Mendeslian and modern advancement in genetics,

Z23.1 LAWS OF MENDEL

The earlier work on hybridization expenments on plant weres
falled because of thelr methodology and choice of material Gregor
John Meéeadel an Austrnan Monk succeeded to arganize experments
and got logical results from them, The reason of his success lied 1
his cholce of material and method of atudy. He chose Pisum sativem,
Decause il 12 easy o cullvate and sell-pollinated plant. 11 akso
contains kg sized Bower where cross=pollination can artiicially takes
place. The Pisum plant has number of vaneties with sharply defined
contrasting charactérs. As a resull aff crogs-pollinatvon they prodiice
fertile hyvbnd offspring. He was not pure biologist so he avoaded the

complexitics which troubled the earlier workers
Lawd Send  Gead Coal  Ped

Fig., &4. 1 Iominant and recesstve charncters of Pea Fiant
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Mendel starfed s studws by planting seeds with dafferent

contrasting characters which he selected for his studies. As a result
e pol pure breed of these plants, Then he planted the seed ol these

pure plants, at the time of flowerning e crossed plants of contrasting
characters to zee the pattern of inheritance in the hext peneration,
for example, he crossed smooth seeds producing plant with wnnkled

gecd producing plant. In this way he crossed plants of seven
contracting characters plants as grven in table 231

Takle: 235, 1 Conptrasting chamoters in pea plant

T

Croas betwean Results of 1+ Al of Bt o
ne contrasting Generation . I g
characters |F1)
(F2)
7R7 Tall |
Tall ® dwarl All Tkl BT daref X R
Kound seed x All Hounid e lh Film'md
wrinkled seed g ] 18240 <90 ]
wrinkied
Yellow cotyledon x All Yellow 6022 Yellow 301:1
green cotyledon cotyledon 2001 green o
Purple flowers X All Purple TO5 Purple 3 181
white flowers [Toweq 224 white W
amooth pods x All SEmooth o S
S i 299 .90 ]
constricted
Creen pods X All Oreen 428 Green A @1
vellow pods ek | 152 vellow o,
Axial floswer x Al Axial B5]1 Axial 1 141
terminal flower flowers 207 terminal
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Aflter crossing these plants he observed the result m 1™
generation and mamtaned the record of data for each cross. He
came to the conclusion that when pea plants with two contrasting
expression of same character were crossed, one of the two expressed
completely 1n the offspring while the other did not expressed at all,
From this observation be dermved the law of dominance which states
that in hybmd [Impure) condition only one character express,
completely while other 15 masked completely, The character which
was expressed n oimpure concdition (1Y peneration, Fl) called
Dominant and its contrasting character, which was not expressed
called recessiwve, He found same results in all studied characters of

pea plant,

Mendel then proceeded to sow the hybmd sesds of the hrst
generation [F1; Filial generation] and the plants were allowed to self-
poliination for petting seeds of second peneration [F32). When he sow
these seeds he found that in F2 generation the dominant and
recessive both appeared in the ration of 3:1. He also discovered that S Sy
whatever the chamcter pair he studied, the ration of plants with o
dominant character (o those with recesspe characters was ahways E
close to 3: 1 as shown in table 23,1, ~

Mendel also explained that esch organism containsg two lactors

for each trant, one s paternal and other 12 maternal, TI'|.-|_-.-].' may bhe
similar or different depend on parents. Due to logical mind Mendel
RAYvE EEI'lI!:!I.'iI“.‘-':l!'!ﬂ thearehical Es.]'.ll.'l_n.uli-:_:-n of his results obtaimed
from these experiments in the orm of law called Law of SBegregation.

Z23.1.1 Law aof Segregation

The law of segregation deals with the hybridization of only one
character (trait] therelore the crosses involved in this experimend
citlled monohyvbrid crosses, In this way it explains the inheritance of
single trait, The law states that [actors of sach trail segregate clealy
during the [ormation of gametes so that each gamete contains only
ore factor af & trasl. This law 15 also called law of purity of gametes,
because each gamete contains anly one [actor of a trait.

T &




Parent Py Found seeded X wrinkled zeeded
Flafr Flaatt
HE re
Cametes al Py K F I 1L
Sadmeres = Cimfrees
Crass fertidzatson .-.."'\- g
Fi penerabion Er , 1005 Eound ssaded plants
Parents Py Hybrid Kound sead X Hytrid Found seed
Meamber of F1 E:r\\. . Er
Camstes 3 [ T T F. i
2elf-polinacion and lertbEanon
d R T

o RE: Er

ri Pure Found seed H:|.'l'|-1'.ir.l RHeomaingd sesed

" Er g

Hybrid Round seed pure wrinkled sead

MNow when are using some different terms frem Mendalian

terms like factors for genes and trait for character, homorygous for
pure breed of a trait, heterosygous [or hvbrid or impure trait, los

phyveical appearance of a tralt we use phenotype and the pair of

donated factors by parents for a trait called genotype. For example,
Found seeded homozypous s ER while BEound seeded heterozypous

plant has genotype Hr.

Duning studies of single trait inheritance he found that if
plants of hﬂl:l:r-l;u.il:_'.-';_a;nu.-; Eenotype are sel{=pollhinated produce two types
al plant, e dominant and recessive, with the phenotypac ratio of 3:1
respectively. Genotypically they have ratio of 1:2:1 Le. homozygous

round seeded: heterogygous round seeded: homosmygous wrinkled
g ey
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sometime 11 makes confuswm that the phenotypacally domnani

individual 15 either homesygous or heterozyvgous becauses both are
gimilar i thelr appearance. This confusion can be resolved Dy a
crioss called Test cross. This cross 15 made between phenotypacally

dominant individual and homozvgous recessive individual to And out
the homoszvgosity or heterogygosity of dominant parent. When
dominant homozyvgpous parent 15 orossed with recessive, all the

offspring will be dominant phenotypically but when cross with

heteroesvpous domuinant then hall one of the offspring wall be
dominant and half recessive, as follows

If it i3 homozygous If it i3 heatarozygous
Tall x dwar Tall x &wnrT
T1 Ef Tt = EE
L 1/[' | ;}{3\: :
Ti Tt it
1007°%: Tall plants S0% Tall and 50% dwarf
L& 1:1 rakia.

Inheritance of Two Tralts
Mendel experiment on gardeén peas were nod hmited 1o single
traits but sometmes nvolved tan or more trarts, After studying

inheritance pattern of sgingle trait Mendel stadied two  trait
mhentance paltterns o hnd out the inbhentance pattern ol diflerent

traits of an organism at same time, He crossed pea plant having two
traits of contrasting vaneties. Thie croes 18 called di-hybrid cross and
the result obtained as a result of theses crosses called Dihybrid ratio.

Mendel chose a pure tall pea plant which proguces round seed
and a pure dwarl pea plant produces wrinkled seed cross together by
arfificial means, He found all tall plants which produce round seed,

from these results he infer perhaps these two assorted traits of &
plant are dependent on each other durning inheritance because anly
one of the parental combinetion s produced i Fl genemtion. When

he left the members of Fy generation for self-pollination and get their
pffspring he lound some new combimations wheach are dilferent from

parental combination i.e, some tall plants can produce sninkled seed

F 6
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or some dwarl plants can produce round seed as shown n flowing

COBE.
Parent [Pl Tall plant prodhsce Houind = dwarl plinl pecdists
errakiled
Sead homorypous. for hoth pead homopous for
szl TITHHE TRFY
Laaimstes of F TEg Er
F. prEration 'J"tliq-

Al Tall amd prociuce Ronand peecds

Cerd -pen LI TR0
by i TrhRy

Gametes (TR, Tr) (R ar X TR, \Tr) IR tr

wirarikbed

seed
This expenment revealed that i dishybnd crosses some

phenotvpically new plants L.e. plantz with non-parental combinations
are also produced. According to above example tall plants do not
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prociuce round seeds ke parent they may produce wrinkled seed as

well as some plant similarly dwarf plants de not produce wnnkled
geeds they may produce round seeds 10 ather dwarl plants. In this
wryY Mendel found some parental and some pon-parental

combinations iln F; ration as follows

Tall plants Tall plants Tall plants Tall plants
producing: producing: ProciuCing: producing:
Found seeds wiinkled sesd Eound seeds wrinkled seed
(Parental] |IMon=-Parental] {(Non=Parental] |[Parental)

2 o 3 ]
16 16 16 |

Above results led hm to the formulation of a law called Law of
Independent assortment which states that “The factors of assorted
traits are mndependent in thear inhentance™. ORK

The members of one pair of gene segregate independently of the

ather.
-
FiMEterial p
In an expersmenl Memdel Toumd Ceneen seed colour (CF) 15 domanam over
viellow (2h Fimd oot genotvpe of folkewing parents whose plﬁn-:-l;rpnmghm " s

Exception to the Mendel's Law of inheritance.

Bazically Mendel was a Monk, his knowledpe of inheritance
was based on the expernimental results which he obServed durning

cross breeding between different strains of pea plants. In this way he
had @gven basiec concept of genes, alleles, dominant amnd recessive
plleke, His understanding was limited, up to his observabion that each

5 .8
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traut has only two alternating forms e, Allele or when these two

contrasting allele of a trait gather in an organism only one expresses
while other does not, which he said complete dominance. Afler

Mendel, breeding expernnments were carmed in different plants and
animals where many exceptionsg were also found. As a result of these
cross-bresding  expenments, different types of phenotypes and

phenotypic ratio were observed which were different from Mendelian
ratio. These exceplions were pamed as non-Mendalian inheritance

L2 meomplete dominance, ce-dominance, multiple alleles ot

Incomplete Dominance

Carl Correns in 1389 worked on 4 o'clock plants |Mirabillis

alapal, During his eross-breeding experiment ol pure breed RKed

flowernng plant with white flowernng plant he found pink flowernng
plants. This studies of inheritance showed that many tralt have not
showed that Mendalisn behavior of complete dominance because the

4 o'clock plant in Fl peneration had not produced any of the parent

phenotype i.e Red or white. Furthermore, when Correns sell-fertilizec

F1 pmk flowersd plant, the F2 generation showed all three
phenotypes of fowers in the ratio of  1{Red) : 2{Pink) : 1(white), the

Red and white wers homosygous whale the pink were heteroeygous
genotypically
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It sharwed that when contrasting allele exist in oan indivicdoal
none of them masked the expression of other, both of them tried to

express but these expressions pet blended to produce a new
phenolype. S0 he stated thal in heterosynous condilion Both the
contrasting aliele express and expression gt blended to form a new

phenotype 13 called incomplete or partial dominance

The capital and small letters are used for complete
dominant and complete recessve alleles respectively but in the case
of incomplete dommance none of the allele 15 completely dominant
over the other so alleles are represented by same letters with sub-
sptripl number W disbiinguish them [fom &ach other eg. lor Red
flowers (K] and White flowers [Ra.

Co-Dominanie

Another type of deviation rom Mendalian complete dominance
15 co=dominances, where heterozypous individuals wheres  both
contrasting allelea of same locus express independently and form

thelr respeclive prooducts, thess products show thedr exXpression -
clearly and independently without any blending., : -
-

[t may be descnbed as phenomenon of inhentance in which
both contrasting allele of a trait are dominant and express
themselves in heterozypous individoal neither masking nor blending
the =ffect of one andoather. B

In & cress between a true breeding short haorn red cattle and &
true breeding short horn white cartle, the allspring have roan colour,
A close exapmimation of skin of roan coloured animal shows that the

animal does not possess an ntermediate shade of skin colour, bat it
appears so because of presence of red and white hairs evenly present
At the skin. It 15 clear from 11 that none ol the two genes 15 domiinant
mver thie other.

Lanisterr aad Levme dacovered MN Blood cype m sman oo the tases of specifc aniipen
pieserl 1 RBC, produce fﬂﬁt“ Theze aie theee phenobypes bL N ol MY ook
e prodeced by 1™ and L7 penes

Ef 2 man of b blood prouwp marries s
of M bleod proeap all thewr
| ul thee Chaldren ol e of SN




Difference betwern incomplete and co-dominance

f

Incomplete Dominance

Phernomennon of inhentanre

where expression of both
contrasting allels blend 1n

heterozygous condition.

New phenotype producs as
a resull of complete

dominance,

Co-dominance

Fhenomeenon o inbheritance

where expression of both
contrasting allele does nol

lend in heterozyeos
carditiogn.

Mew phenotype does not

produce ax a result of oo-

dominance

Cruantitafively both express

b tive]
equally. Cuantitatively both express

urrequally.

e.g flower colour in do'clock

nlants &g hair colour in cow or MN

Blood group.

Multiple Alleles
A trart may have more than two alternative forms but Mendels

only found two alternative forms of a gene, The genes which hawve
more than two alternative forms are called multiple alleles. These

multiple formms of pene are produced by gene mutation. These
multipde forms of pene occupy same gene lotus on chromosome,
e ETRiEs have more than 100 all=le=s hut =ach indondual has e of

them in diplodd cell or only one in haploid cell. A well-known example
ol miultiple allele in human being 15 ABO Blood group.,

Karl Landsteiner in 1901 discovered ABO blood group, has four
different phenotype on the basis of presence of 4 or B antigen an the
surlace of RBL 1.# a person with antigen A has a blood groap A and

that with antigen B haz blosd gromp B. A person with A and B
antipen blood group AB. Similarly a person without both antigens on

ite EBC has blood group O
The genetic basis of ABO systermn was explained by Bernstein in

19324, He explaimed that there are three alleles responsible for the
trait of blood group fe. 14, 19 and L. These alleles have six possible
combmatons 1.e. genotype, 1,6, B A, T8, 9 AR 1,

jE—— T [E—— —-. [ EET—
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Tabls: 24.3 ABD blocd groups of homan

Blood Group  Genotype mu;u Phenotype

- |A]A A homozyEous
i A [#4 .F:. heteroey pous
- [E]B E homaEyEoLE
e - [5h I3 heterney pous
Blood Group AB s Af&HE AR heterosyaous
Bload Group O 11 Mo anliygen O homaEygous

Co-Dominance in Human Blood Group AB

The phenomenon of Inhentance where both contrasting alleles
of zame gene locus express ndependently without affecting each
pther called co-dominance. In co-dominance the |:|EI'.||:'n|:|1.].']:l-|: ol both

the alleles becomes - [ g
apparent. Human AB sl
Blood groap 15 tHhe B e

best example of co- Biaod

Dominance, where  Cell Typa |

Bt 1 and Y are co- _ i I BN N

dominant alleles

produce two different ":'I;""E""" &

Arbipens O LEve T,

surface of =ame red e

Blood coells, Therefore Antibodies !

the person with 5 1B Frasan |

E".'Tlr.lr].'F'I: |!'LFI||-'|: Fl-]l'_ll'll_'| ! far1 M | Arde ! irk A R AP
group AB Fig 23,3 ABD biood system

Human Blood Groop System

In human beings numbers of different blood group systems ane
mvestigaled to explam the vanabahilty ol cells, chemical and %
interacton with other blood proups. It 15 ohserved and carefslly
gelected at the time of blood transfusion therefore International
Sociely of blood transfusion has {ound more than 30 types of blood

group system. Theses systems are mainly based on the presence or

absence of special molecules found on blood cellz, These molecules
are mainly present on the surface of R.B.C and belong to the group of
conjugated molecules L& ghycoprotein, The main type of blood group

7 " @
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sysiems are MN blood group system, ABOQ blood group system and Rb

ayatem among these three, two are widely used Le. ABOD and KD
EVSLerm.
[t 15 due to the reason that the moompatibility between donor

and reciplent lead to the death of recipient. The MN blood group

Eystem 15 conssdered as the rare blood group.

Multiple Alleles of ABO Blood Group System
A% we have discussed sarler that ABO blood group system 1%

controlled by three alleles 15, " and 1. 1 stand for iscagglutinogen,
other term stamd [or ssoagglutinogen 12 anbigen: Allele v specifies
proiuction of anbigen A and allele [P produce antigen B bait alleles @

does not produce any antigen. Both [4 and [P are dominant allele
whereas | s recessive by I8 and 1B These alleles start their expression
at early embryvonic stage and keep on expressing till death. Therelore

the blood group of a person never changes throughout its life.

Takle: 33.2 Blood grosap systema in human hassd on B .B.Ce antigen

llmdmﬂﬂﬂ Antigen on surface protein

1 Al 8L Ad A% B and others
p Hjueaua | 5] D C, e C* Cx, E, D4 and other
e NS M, N, 5 &

M F F. P! and Pk

5 Lutheramn Lu= Lu®

& el K, k., K&, Kh, Js4 . Jg®

T Lewis [, Leb

B Duffy Fyn Fyb

a9 Diego [hje, Dl

10 T Yo, Y8

11 I 1.1

12 X X e

13 Kidd K]

The person having A Blosd group produce antibodies called
ant-B antibodies in (ts blood serum. while the person of B-Blood
proup produce Anti-A antibodies Person of AB bBlood group neither

hawe anti-A nor have ant-B-antibodi=s 1o 1ts8 Serum. The Seruam of (-
blood group person has both ant-A and anti-B antibodies. The blood
=emiam which contains ant-badie= called antiseram.

o " w
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There antiserum appear in plasma dunng the hirst month after
birth. The person with A blood group which contain Anti-B antibody
if transfused with B-blood group will agghatinate or clump E.B.C of
B-antigen (B-blood group| on the other hand E.B.C of B=hlood group
will agglutinate by A-blood group R.B.C., while RB.C of AB blood
group will not agglutinate by anv of them and O blood group will
agglutinate by any blood group. The blood transhasion 15 only safe if
it does not agglutinate., Agglutination i1s dangerous for health of
person because Clumped cells form a huge mass which cannot pass

through Ine capillanes, The blood samples of the denor and the
recipient are cross-matched for compatibahity before transfusion, I

wrong (non-compatible} transfused hemaolvtic reaction occurs which
become fatal for the person. In hemolytic reaction, the antibodics of
the recipient destrovy the E.B.C of donor or the antbodies of the
donor hemalytic the E.B.C. of the recipdent.
The person have A and AB blood group receive blood of A-
group, the person of B and AB bleod group can receive blood of B &
Blood group because they do not have anti-B antibadies, The persons ."
of AE bload group can donate their blood only to the persons of AB- : ;-"‘

blood group because they have netther anti-A nor anti-B antibodies,
while O blood group can donate to persons of all Blood group because

these persons produce both anti-A and B-antibodies but person of O- i !

blood group can accept only blood of O-group Because it has neither
A o B-antigen on 1ts B B-Cs.

O-Ve as Universal Donor

It a person has C=ve blood group Some person also bave A and B
means It has neither antigen A, nfod wigers in salive smd onher

antigen B and antigen E" iz also absent | hody tiseses, these persons are
on R.B.Cs, The O produce anti=A and B called seeretom. They carry
antibodies, these antbodiea are quickly |  dominest secrefor gene Se on
abaorbed by recipient tissues or greatly chrumesome pamber |4,

diluted mn the recipient blood streams
thizs do not develop agglutination of R.B.Cs. there O-we bhlood is

called universal donor. On the other hand side AB +ve blood group

indmviduals are called oniversal acceptor Becauss they can recove
blood Irom the persons of all blood groups,

F @
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Rt Blood System

Usually when we tell our bloosd group, we mix-up tao different
systems of blood, which are controlled by two different penes,

although the expression of both genes appear phenotvpically at the
surface of R.B.Cs, this Eb blood system is usually represented by +ve
or =ve sign, which refers to the presence or absence of R" antipen. RP

blood group svsteme are explained on the basis of B antigen present
on the surface of E.B.C. This anhgen observed m BEhesus monkey by

Landsteiner in 1930s,

The prime gene locus D 8 mainly reaponsible lor the
procuction of and B antigen the human population has two alleles
of D Le, D and d. The I} ig completely dominant over d. The person
having DI}, 4G genotype produce Kh antigen on K. B.C and called BB

+ve while & person with dd genotype s unable o produce R' antigen
therefore called -ve Eb Unlike the naturally eccurring anti-A and
Anti-B antibodies of ABO system, anti-R" antibody production
reguire a stimulus by human EP antigen iteelf. If a person of —=ve Rb
receive blood of BP +ve person which carmy B antigen, The REecipient

will begin to produce anti- KM antibodies against R" antigen or E.B.C
of donor and start destroving it to frem clump. On the other hand
side <ve RN bloed which does not contain any anti- B" antibody can be
transfused o B +ve recipgient.

Erythroblastosis Foetalis

[t is a maternal foetal BY mmcompatibality problem. It occurs
when Rh-ve women marmy a B® +ve man, she conceive a child having
B® +ye blood. If thizs BV +ve man has genotype DD, all of thelr children
will have Dd genotype and phenotypically they are E®B4ve. On the

other hand side if the genotype of man Dd (heterozyvgows) than the
chances ol REtve and B —ve in their children will be 30% both. The
chance of Envthroblastosis fpetalis s found when an B® +ve fostus 15
conceived by BEh—we mother.

Erythroblastosis foetalls an antigen-antibody Reaction

[t starts when a Rb-ve molher conceive REtye [getus. AL the
time of 1% labour some R® antipen seep into mother's biosd which
produces antibodies againgt it in the body of mother. At the time of
next B4ve baby [loetus] some of the anti- B= anthibodewes seep throagh

-.-_
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placenta intge the blood of B 4ve loetus and start brealk down of

B.BE.C i.e hacmolvsis, I this destruction remain continue the foetus
become anemic, which start releasing immature envthroblasts 1o

blood stream therefore this antigen-antibody reaction 13 called
erythroblastasis l[oetalis. This anemia may lead 1o abortion or still
barth or if pregonancy continues, the hiver and spleen of oetus become

enlarge due to fast destruction of K.B.Ca. The breakdown of E.B.C.
produce large amount of bibirubin pygment which accumulate m the

foetus and damage the neuron. It alse tums skin and white part of
eyves mto yvellow this problem is called jaundice. It means if the baby

remained alve n this condition suffers from severe hemolyiic anema
and jaundice.

Measures to counter the problem of Erythroblastosis foctalis

The Rb-ve mother s given RM antiserum in injectable form
during early pregnancy and mmediately after labour. The R
antibodies in B antiserum will destroy BY E.B.C of the foetus belore
they stimulate productwon of maternal anb=-E¢ antibodees, The

injected antiserum vanishez before next pregnancy therefore RD
antizerum should be given atl the tme of each pregnancy. If a baby is

born with this defect, the blood with high bevel of bilimabin of baby
should be immediately replaced by EM negative blood free from anti-
E= pnhbodies

Polygenic Inheritance and Epistasis

The traits are expressed esither gqualitateely or quantitatiely.
We have discussed qualitative inheritance in our pervious discussion
wihere trints are controlled by one pene present on single pene locus

e Tall, dwarf, blood group, B factors eoc. Although these gene have
multiple alleles, the phenotype was déependent on the presence ol a

particular allels, On the other hand some traits are controlled by
many genes located at different loci.
Their phenotype will work in the additive manner therefore,

thiz inheritance (8 guantitative Inheritance. The phenomenon of
mhentance where a single trait is conteolled by two or mare than two

separate pairs of genes which mantfest themsehees o additnee
manner o vield variable phenotvpe called Polvgenic Inheritance and
thess trats are called continuousty varying trmts,

F &
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Cn contrary there 15 another phenomenon of inhentance where
expression of a gene 15 controlled by another gene which i1s located on
different lecuzs. This phenomenon of interference in called Epdstasis
[Gr- Epi- above, slasigs = slanding or stop). In this phéenomeénon, non-
locus  penes alter the expression of onginal gens which 15
independently inherted. It should not be confused with dominance
because dominance is the relationship between allele of same gene
lpcated at same gene locus but epistasis 15 the intermction between

different genes, located at different gene Lo,

Polygenic Traits in Plants and Animals

As we have discussed above that 8 contimaously varving trait 1s
encoded by alleles of two different gene pairs located at different loci,
all work for a same trait and express in additive manner to show
quantitative effect, are called polygenes. Each gene of a polygenic
group has a amall positve or negatve effect on the character.
Faolypenes support «ach other o produce positive o negatove effscts

. ©.g wheat grain colour in plant and skin colour in animals,

j#dﬁﬂ'ﬁ

Agd —————— T [ —— T

Fig. 23.4 Polygemio trait of wheat
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Wheat grains colour trait as polygenic trait

The colour of wheat grains vary from white to dark red, It is &
best example of polygenic inheritance or continuously varying trait.
Lsually seven different phenotypes are found in the population of
wheat all over the world. These phenotype vary from dark red to

white,

Milsson=Ehle studied the genetics of wheat grain colour, When
he crossed true breeding dark red with white prain producing wheat
plants, All plant i F: peneration produce hight red graons. 1.e
intermediate between two parental shades. It seems like case of
incomplete dommance, %0 when Fy; gramnms were grown (0 mature

plants and crossed with esach other, F: grains hed exactly seven
shades of colour i the ratio of 1 dark red: 6 moderately dark red: 15
red: 20 hght red: 15 pink: & hight pink: 1 white as given in chart

bielow,
Phrenotypes 1n wheat grain oslours

[t was found that the grain is -::c-ntml]:::l I:l-;!. three different gene
patrs. L.e Aa, Bb, Cec at three different loci, Each individual would
contam six alleles for thes trat, Allele A, B, C are for the production
of red pigment while a, b, ¢ does not produce any pigment. If a wheat
plant contains ABC in the combnnation of AABBOC all procdoce red
pigment =0 they produce Dark red grains. If the genotypes will be
aabbec none of them produce red colour so the wheat grain colour

will be white, The other genotype will be developed different oolotrs

of grains as phenotype.
ABC Al

il abBC kb ub fb:

anc | kA _ ' : : .-.#:!l:-l:-:

Al ' :__

Abe B

. _E.EE!_ AsbbCe | AaBbee | aublbee
It was found that all the six allele code for red p:gme—ul.

|AABRCC), oolour of grinm w1ll be dark red. When all six alleles do nod
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prociuce red [asbbhec] the colowur of grain wall be white, When a grain

has one allele for red light [Aabbec or aaBboc or aabblc) the colour of
griam will be hght pank, if plant contam two alleles ol red pigment

(ArBbcc or aaBblc or AabbCc] the colour of grain will be pink. I the
plant has three Pigments of Red colour (AaBbCe or AABboc or

AabbCC) will be light red. In the same way for alleles oolour dose
(AABBCC & aaBBOC or AABBCC) will express red and five dominant

alleles dose (AABBCe or AABBC e or AaBBCC) will produce moderately
dark red grains. It showed that the phenotype of grain colour depend
upon the presence of colour producing allele=s 1., A, B and C. The

expreszion of these penes are also influenced by environmental
factors ke light, Water and nutnents.

Inheritance of Human Skin Colour

Another example of polygenic trait 13 human skin colour trait,
which is found in variable shade therefore il 15 continuously varying

trait, Human skin colour develops by the presence of & pigment
melanin. Il a person produces high guanuty of melanin, s
complexion (skin colour wall be dark or wice wersa, This fraat 15
controlled by three to six pene palrs, greater the number of melanin
priiscing gene darker wall be the skin colour, These genes are

working in the following manner:

g ' df’ e[ FRik [ ' D
Loous 7 - e ' e P HF oo
Lot 1 - n e p - [Fes L gy
T ki " ) 1 , r 4
T =

A=t ey

P

Fig.23.5 Polygenic trait aof haman

@ %




Thapter =4

Inheriiaree :

Gene A 15 responsible for permanent surveoml prodiferation and

migration of melanocytes

Gene B 12 responsible to synthesies yrosinase, inwolve m the
converston of tyrosine into melanin, It means that it 15 mvolved in the
gynthesis of melanin.

Gene C 15 responsible for determination of either proper black or

dark browmn type of melanin 1.e. eumelanin will synthesize or red-
brown type ol melamn e, phenometiann will produce.,

Each of the above ABC has & two forms, the dark skin alleles
are represented by capital letters [ABC] and light skin alleles are
represented by small le=tters (abc), Theses alleles are ot completely

dominant over cach other. In heterozvgous conditon they exhibir
ntermediate phenotype 1e. incomplete domimance, the gene a, b and

c act as light-skin allelss in the genotype they inhibit melanin
prodisction.
There are seven different shades of skin colour mnging from
very Light [aabbec) to wery dark (AABBCC), mostly human beings
have the mtermediate skin colour [AaBbCe| this penotype develops ". .

mulate i.2. an offspring of intermediate skin colour belongs to black - ]
and white parent. When individual of mulate cross with each otfe d

L. ARBDCe x AaBb Cc, each parent can produce sight different types

of gametes, when these gametes fertilize there will 64 chances of e o
=vpote [ormaton by which offspring of seven oolours can be ¥
proiuced.,

Epistasis

We have already discussed that the effect of non-locus on other
gene to interfers in thewr phenotype 15 epastasis. The gene which

interferez and masks the phenotype of the non-locus gene 18 called
epistatic pene or interfering gene and the gene which expression

masked by epistatic gene 15 called hypostatic pene.

Examples of Epistasis in Plants and Animals

Colour pigments trait in Foxgloves Potals
1 losgboves planl petal colour 18 determmed by three genes. M

which expresses to Synthesis an enzyme 0 develop Anthocyamnin
which expresses as purple pigment, mm produces no pigment it seen

plbinen wath yellowish spot on petal, while another genes D 15 an

7y @
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enhancer of anthooymamn duae o this pene expréssin  more

anthocyanin produce and petal become darker, dd doss not enhance
The third pene wihnch 18 located at another gene locus, W prevent

pligment deposition except in the spot as a result white spotted petals
are produced whenever ww allow pigment deposition i petals,

M (MM, Mmj - Purple [} {130, M) = enhancer of purple
mm —white [no pigment| dd — no enhancer (Lght)
W W, Wl — spois ww — Liniform colour |[no-spot|

According to the result of di-hybrd cross performed by Mendel
il genes of 2 traits are heterosygous in both parents they produce

offspring with the phenotyp: ratic of 93251 but thers was no
epaatatic genes, but Iln the case of [oxgloves plant di-hvbrd cross

where both are heterozygous for both traots, Produce 12 30

] W X i W
Gametes DWW L D -:l?." s Lhh o DW Dw! (dW (dw

Dominant Eplstasis; '.l.'hltc- 5-:-Et » Drark red : Llight red
12 : F31

The mechanizm of nterference shows that W prevents
deposition of pigrment in lower, only in spols where as w allows

deposition in the all cells of petals, On the other hand D allels allows
o synthesize large amount of anthocvanin (red pigment whereas
allele d synthesize ittle amount of anthecyanin.
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Coat Coloor in the Labrador retriever

Example of Epistasis In Animal
Labrador 15 an excellent type of dog its coat colour 15 one af the

best example epistasiz in mammals, These dogs are found in three
colours due 1o therr ooalt colour, 1.€. Black, chacalate and yvellow. TS

coat colour Inhentance 13 autcsomal 1.e, their genes are located At
autosome it means it s oot related with thelr gexes: the B |15 for

Black colour b 15 for Chocolate colour both are located at same gene
locus but the pene of yellow colour B is located at other pene locus.

The EBlack Coat colour (B) i2 dominant over chocolate (b, The
Chocolate puppy must be homozygous e both parent donates

recegsive allele. Its genotype well be (bb) but if any puppy have BE in
Bb genotype to olfspring will always be black, vellow coat colour gene

iz located at different gene locus this gene also have two alleles E
dominant e recessive produce vellow it reguires two doses of ee it

means homozygous recessive will interfers in the expression of Black §
and chocolate to produce vellow coat calour. 1t shows that the colour &

grne is recessive epistatic gene, However, homozypous dominant EE | Y
or heterozypous dominant will not interfere to the pupples will be d
either black or chocolate according to parental gene combination, [T a |

Black Labrador o
which is homozyvpous Lm_;,_. - m__,_.h_ F
for both pene pair

IBBEE] is crossed S5parm 8,
with a yellow (bbees], Va (nr] ""-'{'"':' “fa [ ne] ""-{*"

all ollspring will be .LI ) l !
.I.-ll-.q.l:b: 'ﬂ.'i_th. Eh‘E:'E' el L e LU T

genotype.  If  these ay, Gn -mL.- o L-L*

hlack oflspring
interbreed  produce  w, o L— L_ I
|.'I-:“-!i.'|'lri1'l|i:_ I.-_lj. ﬂ.lt !-h . L B T sl . s B8 "II s TlE

coal colovrs 1, g I
Black, Chocolate and 2,

viellow,

|'|'|||I-|-

Filg.23.6 Dominant Epistaxis
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Gene Linkage and Crossing Over

According o careful estimates, there are thousands of penes
located on four [04) pairs of Chromosomes present in the cells of
Drozophila. 1t means that each chromosome contain & large muamber

of penes, similarly chromosome of all organism have many genes,
located at single chromosome. It was lound that a chromosome may

contain maximally 4000 genes. According to chromosomal theory of

inhentance each genes are mherited by chromosomes, It means that
penes located at a single chromosame tend remam fogether durnng

inheritance. This tendency of gene in a chromosome 09 Pemain
torether i3 called Linkage and the genes which are present at some
chromosome and inhernt together called Linked geme, the penes,
which are located on autosome called autosomal hinked genes and
their mbertance called aotosomal inheritafnce or antosomal
linkage. Similarly if they are located on sex chromosome [X or Y]

their inkage called sex<linkage and their inheritance i3 called sex-
linked nhertance. All the hinked penes present on the same

chromosome al the tme of inhentance called linkage group.
therefore the number off linkage groups in an organism are ogual o

number of homologous chromosomes present In an organism.
The hinked genes are present on same chromosomes therefore

they are considered to be inherited together in the offspring so always
parental combination of characters are found in offspring and

assorted traits do not segregate independently. Linkage between
genes can be detected by test cross of di-hvbrd organisms. [E 13

cross where a heterozvpous organism of two tealts 12 back crossed
with 1ts recessbve parcnt. If the results will come in the following
ratio, then the inkage will be determined easily 1.2, if four phenotypic
combinations [parental and non-parental] occur o odispring then
there will be no linkage between the genes. If this ratio s deviated
and more parcntal types with less non-parental type appear which
shows partial linkage, f only parental type appears 1t shows
complete linkage. In Mendelian di-hvbrid cross, where linkage was
not considered as phenomenon the result shows the parental and
non-parental combination s the ratio of 9:3:3: 1. In case of linked
genes of di=hybnd cross the result will b only parental combimation
with a4 ratdo of 3:1.

jE—— T [E—— —-. [ EET—
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T.H. Mosgan was the geneticist who observed Karyotype aof
Dmosophila, he was of the contnbutor of Chromosomal theory of

Inheritance, also studied 55 pairs of contrasting trait inhentance in
Dvegopiuila melenogaster. In Drosophila he observed two assorted
traats whose penes are hnked together (that 15 located al same
chromosome]. The dominant gene W for normal wings and ks

recessive allele v for vestigial wings, ancther trait whers a dominant
gene B for Gray body colour is dominant over black colour gene (b,
Bolh are [ocatéed al same chromosiimhe,

As they are inked, they tend to be mhented together 1= W
with B and w wath b, It implies that when a homozypous VVBE fly 1s
crossed with a8 homozyvgous vebb fly all offspring will have YeBb i.¢
Normal wings and Gray body colour. When this heterozvgous [1y is
crossed with homozygous recessive vwbb and the genes remams
completely inked as well a5 no crossing over occur then ondy two
parental type in offspring will appear equally i.e, Gray body with
normal wings and black with vestigal winged.
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Fig. &1.7 Linkage In Droaaphila
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Crossing Over

The linkage I8 also not an absolute and It not necessary the
genes of a chromosome remain attached with each other and
transmits together, If Linkage remain continue 53 the imherntance of &
trait remain continue and the olfepring will be like one of the parent
only. The gametes in animals and spore mother cells (S50 Cs] divide
by meiogis o produce gametes, and spores respectively. During
merssig, the homologous chromosomes par up, this pamng o
homaologous chromaosomes called Synapsis, Soon after meiosis they

attach and form cross bridges between their non-sister chromatids,
they sometimes exchange ther segments, this process of exchange of

chromosomal segment between non-  sister chromatids o
homologous Chrormosaome s called arossing owver.

Altes Separation the chromosomes carry Soimne genes with each
other and new combination of gene develops on a chromosome which

develops waricty of pene and new combination between parental
combinabions occurs. The recombimant Chmmatids resulting from

crosging over may bring alleles together in & new combinations so,
when gametes, are [ormed pgametes a varety in gametes develop.
Therefore this process leads to penetic vanabibity during sexual
reproduction. Take an example 10 understand the procese of crossing
ower, whwre a paar of homologous chromosomes cames gene T and B

on both chromosomes where as another pene homofogous has t and
b. Chiasmata iz lormed between their non-sister chromatids and

crossing over also takes place as alleles of non=-sister chromatids are
different, =0 exchange between their segment cause recomblnation of
their albeles.

Allele b cross over 1o chromosome containing allele T and allele
B cross over to chromosome containing allele t, These chiasmata
open and sister chromatids also separate from each other to become
an independent chromosome. At the time of gametes Bormatson 4

types of gametes are formed two with parent combination i.¢. TB and
th and two with non-parental [recmbimant) combinaticn i.e. Th and
tB, If crossing over will not ocour only twoe parental types of germetes
formed. The parental types of gametes prodisce offspring, wiath
parental combination of chamacters while non=parental (recombinant)
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combbnations proeduce offspring with non=-parental [recombinant]
characters.

HOHTHHCH - L e e

ChrcTn e CATH ST
|-Hl;r-rl
T I 1 L T |
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Sex Determination
[t was found in early year of last century that in the animals -

and plantz most of the chromosomes are found in the form of
homologous pair but a pair of chromosome may of may not be »>

homologous in the members of same species. W. Sutton found the

simplest situatbon of chromosomal difference In Grass-hoppers, -
wihivere e found male have one choomosoane |ess than bemale e the g

females have 24 and male have only 23. It means the female has 12

pairs of chromosomes In ther Somatic cell (Zn) whereas 12
chrgmasomes (n] i each eps

{n the other hand male of Grasshopper have 11 pairs wath &
single chmomosome in somahc cel] [2n] wheresas by spermatogenes s

produces two types of aperms one type have 11 chromosomes [n) and

other with 12 chromosomes (n]. Fertihzation of ¢gg |12 chromosomes]
mave two chance, @ither with sperm having 11 chrmomosormes (n), or

withh the sperm have 12 chromosomes (Bl If a sperm with 11

chromosomes fertilizes the ¢gg, & male baby will develop or the other
sperm (12 chromosaomes develop fermale baby on fertilization this odd

chromaaome, which determines the sex of the individual 8 formed as

sex-chromosome. The other chromosomes which are similar in male
Aarid fermples are autosomes.

F 86
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XX and XY sex-determination in Drosophila and Mammals
Sex- Determination Drosophila

T.H. Morgan, a Nobel Prize winner [1933) selected. Drasopfule
mplanogasier (Black=-bellsed dew lover], common fruat fly, can be seen

hovering around over ripe froit, for his experimental work. He
observed the karyotype al thas Ny and noted that the male and [emale

Drozophila has differences in one pair of chromosomes &2 shown in
following Fig. 23.8

Fer rhiromoscmas AL rirr e e
l

e (N
] 0

-~ Fig. 23.% Harvolype of Drosophils
This shows that there are three paors of chromosomes which

are same 1n male as well as in femeale Iy, These chromosomes are
3 called autosomes butl the difference lies in 40 pair. The female has

El both the chromosome of 4% par smilar and rod shaped
(Homologous|, On the other hand male has both the chromosomes

cifferent from each other [Heterologous] one chrmomosome 15 rod

shaped and other i hook shaped, This 4 pair designated a3 sex-
chromoesome which decide the sex in Drosaphila.
Moreover, the rod shaped sex chromosome, two of the female

and cne of the male are alike designated as X-chromosome. The
hook shaped unhke Sex-chrmomosomes 18 designated as Y
chromosomes, 50, In Drosophila, individusl having xx will be a
female and that receive xy wall be a male

Sex-Determination in Human
[n human beangs and majonty of ammals, the case 15 same as

Drozophila. The difference in male and femake 15 not of one whole
chromosome as Orass-hopper, but of the shape of one chromosonme
i OTeE SeX.

L
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In man each coell ether somatic or germ cell has 46
chromosome [2n] of which 44 1Le 22 pairs are similar in both sexes

called autosomes. The 237 pair differ in female con=ist of similar
chromosomes (Bomologous| but in male the 23rd pair differ in shape,
one of the two chromosomes 15 ke sex-chrnomosomes of femals of bt
the =econd 15 mitich smaller than the other, The two chromosomies o

female’s 231 pair and one of male which are similar are called X-
Chromoaome, while the unlike, amaller chromosome of male’s 23rd
patit 15 called ¥ chromosome. S0, the human female possesses 43 4
A chromosomes, whereas the male 15 44+ XY chromosomes in thear

Karyotype.
HUMAN KARYOTYPE [NORMAL ]

2 CEE N ST S

i F

K X K% g & % K 8 K% g 3 ¥

L L || TR TR TR | S S DI TS T
-l I8 - - i j'i i i . =B ij i
1 r = el " » " S T

Male [44XY) Female (44XX)

Fig. 23,10 Kuryotype of humeas male and female
The above stated situation that the male 15 heterogametic 1.

produces two types of sperms 1., X and Y containing and the female
152 homogametic Lo, produce only ene type of ovum containing omly
X.

Cther Patterns of Sex Determination
i) XO-XX Type

A% we have discussed that n some amonal only one
chromosome work as sex=chromosome, and this pattern on sex-
determination was found in Grass-hopper. The protenor bug also has
same where male haz only one sex-chromosome Le X0, This sex

chromosome 15 X-chromosome and other sex-chrmomosome 15 missing
entirely in male. Therefore male of protenor bug 15 heteropametic 1.2,

F @
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prociuce teo types of sperms one type of sperm has X Chromosome
winlle the other tyvpee do not contain sex- Chromosome, The gamets

wilkboul sex chromosome |5 called Nulle gamete. Female of this bug
have one X chromosome In all ovam therefore it 18 called
homogametic, 80 sex of the offspring depend on the kind of sperm
that fertilizes to ovam. If an x-carrving sperm fertilize the baby wnll be

female, if the nullo-sperm fertibize the ovum the zyvgote aill carmy X0,
=0 @ male baby will develop from this ZVROLE,

Fig.23.11 Karvetype of grasahopper

i) ZZ-ZW Type

In some organisms lhke birds, butter fly and moths the
ciinditions ol sex=-tetermimation s different rom the abose, ). Segler
in 1914 discovered that in moths the reverse of XX-XY System of sex-
determunation 18 present. In this system the female g heterogametic
becausge she contains heterplogous sex-chromosome therefore she
produce two types of egps some contain £ as sex chromosome and
some contain W as sex chromosome In equal proportion.

{n the other side all male produce same type of gametes have
Z chromasome as sex-chiamosome. It shows that the female whickh
produce wo varlety of ovwum  become responsible for  sex-
determination in offspring, when a £ chromosome CATTVINE CgE 13
fertilized by sperm which always contain £, male baby wiall produce
but when a W carrving egg 15 fertilized by sperm, a female offspring 15
priosiviced,
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Genetic problem
Draw a pedigree of 3 generations in & haman famdly o show how
muany ofspring will be male and fermmale?

4. A moth produce four babdes, how many male and fermale babies wall
prioduce in their next generation show 18 by develop pedigres.

Sex- Linkage

According to chromosomal theory of inhentance, the genes are
lecated at chromosome. The genes are located at same chromosome
called linked genes because they usually inherit together in a linked
manner i crossing over does nod take place. The genes which are
lpcated at autosomes called autosomal inked pene and they inhent

F .9
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through autosomes rom parents o oflsprnng. This Bype o

inheritance called autesomal linked inheritance, On the other hand,
the genes which are located atl sex-chromasome are called sex-linked

genes. The sex-chromo=ome in buman or Drosophila are of two types
X and Y. The alleles which are located at X-chromosomes called X-
Iinked and 1n the characters which are inhented through the X-

chromosome are called X-linked Inheritance whercas the alleles
HwAatedd ab Y-—hromosoane callesd Y- linked, and ther imberbance

called Y-linked inheritance. Some traits are controlled by that type
of penes which have alleles found on both X and Y, such traits are
cialledd X-¥ linked or Pseudo antosomal because they behuave

differently from sex-linked traits they have just autosomal mode of
mhentance. On the other hand Y chromosome 5 not completely

inert, [t does carmy a few genes which have no contrasting alleles on
X-chromasome. The penes on Y chromosomes of human express

characters of maleness e.g. bobbed pene of Drosophila are psewudo
autcsomal because they have pattern of inheritance like autesomal
BETIES.

Sek-Linked Inheritance in Drosophila

T. H. Morgan (1910 . 0
performed various breeding
experiments wath wild type - : W
red-eyed  Drosophila. He : M
noticed a white eyed -

mutant. This was male and
turned out to be a true
breeding stramin of  whate

eved flies. He crossed this
whitte eyed male walh

homozyRous red-eyed
female.
The F: And F_;

population followed the
sumple  Mendeban  ratuo.

But when white eved
female was crossed wath
ed=-eyed male, the resalt

Fig.2dJd.13 Bex linked tTakt in Drossphils
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was not same as before, To examine the detalls of vanous cmss-made
by T. H. Morgan. Here the case in represented in the form ol Ogures

of Cross, where K for red-eved and r for recessive white eved flies.

Cross- |

When red-eved [XEXF [emale is erossed with while eved [lies {X-
Y} male the F) generation shows all red flies, the case in male and
female are same.
The F: genernbion shows red-eyved and white eyed fles tn matio of 3 1.
(ALl females are red but the chances of red eved and white eyed tvpe
in male are 0% : 50%). In the some case genotypically females are
al=o of two types, although Both are red ayed,

The one type of emale 15 homozygous 1.2, unable to prodoce
white eved offspring while the other type of female are heterozygous
(carrier for white eyed penes) e, can produce white eved offspring

Cross-11 i *
When BEed eyed male (XFY) crossed with white eyed female

(ArAT the result were found different from cross 1 In Fi both types of
flies were produced that s red eved and white-eved, Moreover all the

red-eved were female, while all the white eved were males. In Fa
generation again red and white eyved appeared in egual ratio whene

half of them malke and females are red as well as white eyved
On the basis of these results T. H, Morgan obtainesd in the

above crosses he concluded that gene of epe colour tealt o
Dirosophila 18 present on A-chromosome. The Y chromosome does not
carry gene [allede)] of @ye colour

Y-Linked Inheritance or Holandric Traits

Y chromosomes 18 different from A-chromosome In respect of
morphology and genetically, 11 15 not completely mert it was only
inert lor those ks which are located on X-chromosome. In

» 4
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Drosophila and human beng it carnies few genes which have no
counterpart on X-chromosome these genes are called Y- linked gene

The Y-linked traits are called holandric tralts
The alleles ol hodandne gene are only

Iocated at Y-chromosaime not on X-chrmomosome.
The Y-linked penes are hemizygous, only located
on non-homaologous region ol Y-chromosome.,

They express phenotypcally in males
inhent from father (0 son female do not imhierit
Y=chrompsome =50 the Y-knked tmaits cannot
pass to them, In human some Y=linked trats

porcupine man (Straight hairs on the body), Fig.23.14
hypertrichosis growth of hairs in the edges of  Y-linked trait in
pinna, webbing of toes et humam

Sex-Limited and Séex-Inflluendced Trails

We have already studied about sex-linked tmaits and sex=linked
imntheritance bul some traits are associated with sex of organism L.e.
mulleness or femeleness there trants are called sexerelated trants. This

phenomenon of inheritance shows that the genes are not necessary
located on sex-chromosomes, These trants may controlled by

autosomal or sex-linked genes. There are of sex-related traits i.e. sex-
hmuited and sex-inflvendced Traits.

Sex-Limited traits

The type of genes which are present in both sexes of a sexually
reproducing organisms but expressed in only one pender (Sex) and

turned off in other gender, It 15 due to anatomical differences in the
member of a apecies e.g. The penes which have hom contralling gene
but only expressed in male and female have hormm controlling gene
but only expressed in male sheep. Another example of sex-limited
trait 15 beard growth m human. It s hmited only to men, & women

does not grow a beard herselfl she can pase the genes to her son the
purpose of sex=-hmited gene s (o resobve sexeal conflict,
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sex-Influenced Trait
Ancther tvpe of sex-related traits in that sex-influenced trait, it

ig an autosomal tralt but influenced by sex. These trailts are
controlled by an allele which 1z expreased as dominant allele in one
but recessive, in other. If a male has one recessive allele it will
expressed that character, but in the case of female 1t réguires bwo
recessive to show the same result e p. soft Iacial hairs in female Vs
coarse facial hairs in male, another exampie 15 baldness which 1s

found 1N male not 1 female. It 15 an autosomal dominant treat 1m
male but swtosomal recessive In females, if & male will be
heterozygous for this trait he will be bald but a woman should be
homozygous for recessive allele to develop baldness,

Sed-Linkage Inheritande ia Man

Human have Same paltesn of autesomal and sex chromosome.
They have XX in lemale and XY chromosome in male as sex-
chromoasome. X has many gene on it (0 control X-linked traits ke
colour bhindness, muscular dystrophy  hemophilia, congenital
dealness, dimbetes insipadus ete, some of them are due 0 recessve
alleles and other are dues to dominant alleles, Their pattern of
inheritance different from each other.

In human genetic studies takes place through mode of
inheritance and pedigrees studies because experimental controlled
mating is not possible in them.

X-linked Eecegsive allelic Inheritancea:
The human EmalE which has one X-lhnked recesse allele of

abnormal chamcter called camer but does ot contain any
sympioms of this disorder, The male only possess a single X-
chromosome I this chromosome carmes A recessive allele he will be
affected and will be abnormal for that trait, The offspring of carmer
lemale will have 50% chances to recelve this abnormal recessive
allele, all female children of affected father will be carners, the male




chuldren of an  aflected pareeT, |
father will ot affected ar

all if their mother (s RIS : ™
homozygous for normal . | | I.
allele. Example
hacmophilia and colour g e
blindness, SRS
& B e e
& W

Fig. 23.15 Pedigres of X-Haked recessbve Lralt

X:limked Dominant Inheritance

The dominant alleles which are located at X-chromosome are
responstbie for these types of disorders. In female the affected female

may be homozygous or heterozvgous. The male and female offspring
of & heterozypous aflfected female has 50% chances ol this disorder.
g Cn the other hand if a father has this disorder their all female

- children will be affected but all male children will be normal e.g
< Vitamin D resistant rickels-hypophosphatemia or et syndoorme

VoY .-"--]—L_J vy
Hdxd Wy M Oxd Iy
M O—r— Xy

Xoxd Xy
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Genetic Inheritance of Haemophilia

Haemophilia is X-linked recessive human disorder. In these
haemophilic persgons blood does net clot after injury because the
haemophilic persons are unable to synthesize blood clotting Tactor.

There are three types of hasmophilia L.e. A, B and C, the A and B are
A-lmked recessive ratts while haemophilia C 12 an  autosomal

recessie trart. The chances of X-linked A and B are more in male than
fernale while C affects egually due s autosomal location. The
chances of haemophilia s more 1in male because it 15 hemezygous 1n

male L.e, control by single allele while in female two doses of alleles
are reguired o develop haemophilia ie. homozsypous recessive. The
gene of haemophibla inherts n @g=mag manner from maternal

grandfather through a carrier daughter to grandson. It never passes
cdirect Irom father to son.

Genotype of normal mother = XHXH
Cenotype of hasmophilic father = XbY

P, . MNormuel female X haemophihic male A
HHHH i | -
Farmeles XH Xhi ¥ :
\L>< / 8
WY WY B "
Mormal daughter bt MNarmal son
Carrier of haemophilic gense
Fa : Normal fermalke % Normal male
bt carrer
XHXh AHYy

Larmetes A KR AL |
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Inheritance of colour blindness

Human eve has two types of neurons Bod and Cones. Fods are
responsible lor vision in low lght, while cones are regponsible colour
distinction there are three basic colours normally which develop all

colours, the distdnct viston of these three colours called to normal
trichromatis vision wineh 12 dus to three different kind of cones

iocated 1n the retina, #ach cone 10 sensitiye o only one of these
primary-cobours Le. red, green and blue.

Each type of cone has specific light absorbing proteins called
opEing. These protems prodidced by expressing specihce genes, The

genes for red and green opsins are loceted on X-chromosomes
whereas the gene [or blue ks located at autgsome chromaosome no-7.
If mutation occurs i these opsing genes develop other recessive

alleles for these pencs which cause colour blindness in the form of
dichfomacy and monochromacy',

2R R

Formal Deuteranope Protanope Trhitanope

|'l||'_:_:i_':l 1 SFichromAcy B human

Dichromacy: It 15 a condibvon of oodour blindness where a person can

distinguuish two colours clearly but cannot perceive one of the threes,
whose pgene become mutated and itz opzing does not svnthesized
properly e missing. There are three types of

I} Protanopia 13 red blindness
i) Deuteranogaa is green blindness
i1 Tritanopea 15 blue blindness

Monochromacy: It 15 a condition of colour blindoess where a person

can recogniize only ome, It 13 true oodour blimdness. In blue
monochromay only blue colour can be recognized by person but botks
el and green cone cells opsins are absent. [f s X=lhnked recessore

& W
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trauf. IE 15 also called red-green colour blindness the inbentance
patiern of colour blindness 15 also ke hasmophilic pattern of eye

colour trait in drosophila, It alzo work In zig-zag |criss cross
inheritance) manner and more comimon in male than female.

Mo mue Penpis Wil e Peorte W Eh Moo ey Wl s

I'HE 2.1 0 Mormel nneE ¥Nlonnehrn MECY

Inheritance of Muscular Dystrophy F

[T 15 v o muscle digease caused by mutated allele [gene), the
person have this gene have muscle weakness with passage of time
aihich ultiimately decrease s mohility wath the passage of time, 1§ 15
sex-linked recessive disorder, the normal gene code for protein called
dystrophin synihesized i normal person, bul missing in the
patents of Dochenne patient due o recessive alleles, the absence of
dystrophin causes leakape of calocium inte the oell the symptoms of
Duchene muscular dystrophy appear in childhood where child
Begns e have diflicully in slanding of Aasing or standing. Ultimately
it become unable B0 move up o the age of 12 so e or she required
wheelchair, with the passage of fime they fesl difficulty in breathing
usually become unable to survive after the age of 20 years, therofore
alfecied maleé cannol survive [or marnage anly carcier female surnave
which can mmhent ths gene 1o make baby. This inherntance pattern 15
similar a5 hacmophilic peitterm

7 " @




Tyl Ve, - ams ek e BE e jame dyEeri e
Flg.223.18 Muscular dystrophy

K
-~ Symbals for pedigree development
[ ] Male
{J) Female
3

El B Affected Male
'. Fermiale
'[:-i' Carrier Female for sex linked inheritance

[T FHeterozyeous male for autosomal recessive traat.

in Heterozygous female for autosomal recessive tradt

— Mating or cross

|J:E () Mating or cross
ﬁI/E' Dhzypotic twins

Monozyegalic Lwins
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I Stmviary

The socwentihc study of mhented characters from parents to
offsprng, their patternn of imbhertance and causes ol variation
called Genetics,

The character which was expressed n impure condition (1=
peneration, Fl] called Domimant and its contrasting character,

which was not expressed called recessive.
Cross between  phenotypically  dominant  individual and

homozygous recessive to find out the homozvposity or
Belterosyosity of dominant called test cross.

Phenomenon of inheritance where expreasion of both contrasting
allele bhilend in  heterozypous condition called incomplete

domnance,
Phenomenon of inheritance where expression of both contrasting
allele doce mnot blend heterozygous condition called co-

dominance,
A trait may have more than two alternative forms, the genes

which have more than two alternative forms are called multiple
alleles.

Infermational society of blood transhusion has found more than
30 types of blocd group svstem.

ABO blood group svetem ig contralled by three alleles 14, [B and 1.

The breakdown of E.B.C produce large amount of bilimubin
pigment which accumulate m the foetus and damages the

FYELLEOEL.
The phenomenon of inheritance where a single trait 13 controlled

by two or more than two separate pairs of genes which manifest
themselves in additive manner to vield vanable phenotype called

polygenic inheritance.

Labrador 13 an excellent type of dog its coat colour i one of the
st example epistasis i mammals.

Tendency of gene o remains logether in a chromosome called
linkage.

Durning meiosis the homologous chromosomes pair up, this
pariting of hibmologous chromosome called synapsas.

F _®
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~ Prooess of exchange of chromosomal segment betwesn non-
gister chromatids of homologous chromosome 18 called crossing

LIYEL.

= Chromosome which determine sex of the individusl calied sex-
CHhrOmaEOrTe.

 LChrmmosomes which are similar in male and female  cqlbed
ALEOE0IMIcS.

~ The alleles of holandric gene are only located at Y-chromosome.

# The Y-linked genes are hemizygous, only located on non-
homolegous reglon of Y-chiomosome.

EXERCISE

—
1. Encircle the correct answer:

) Which of the [kllowing would cause phenotypic varlations
among organisms of the same genotype
|a) Contimuous variation within the species
e [Bx] Dhflerent vaneties of the same species

-~ ] Different sexes
|d] Exposure to different environments
] In which of the following examples of human inhentance 15 the

E Imfreritance patiern explained by multiple alleles on  an
& autosomal chromosome?
{a) The ABO blood group system (k) Cystic fibrosis
|c] Davwms &y rudroeme {d] Haemophilia

] What are the phenotypes of the parents of a colour-blind son
and a non-carrier daughter with normal colour vision?

Father Mother
lal  Carrier Normeal
L&) Ciilour-blind Carrier
] Caolour-hiimd Colour-blind
d] MNormsal Carrier

1w In the F: genemtion of a dihybrnd crmoss, the phenotypes

occurred in the ratio 3: 1 what does this result indicate?
&) Thie alleles were segregaling mndependently

] Polvpenic inhertanoe was imvolvedd

lc] Codominance was being shown

|d] The gene loc were hnked

[ I TEE TEET E TE N L jE—— T [E—— —-. [ EET—
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Two parents, both of bkeod group A, have a daughter of blood

group 0, What 12 the probability that their next child will b= a
boy who has blood group O3F

fm) 0,25 (b OS5

] 0,75 () 1

A boy 15 colour blind whoch could be the penotype of his
mother?

i) KAXH [ MPam

] X™Y (d) XY

Number of chromosome in grass hopper female g 24. How
many chromosomes are present 1n grass opper male?

(&) 26 . (by 25,

ic] 24 (d) 23

The allels of holandnic gene 18 located at?

la) X-Chiromosdame (b} Y-Chromosome
ic] Autosome td) Mome of these

The gene which interfercs and masks the phenotype of the
phenotype of the non-locus pene called?

() Mutant pene (b} Epistatic gene

i) Pleistropy () Sex-linked

. International society of hlood transfhision has found more
than?

fa} 1} Blood system () 20 Bloasd systermn

(c) 30 blood system (d) 40 blood system

2. Write short answer of the following:

1
i

1Ll |

7]

1|

Why Eh-incompatibility could be a danger to the developing

foetus and mother?

Why hacmophilia i common in human male®
What do you mean by sex-inflsenced Lrail?
Dhfferentiate between following

al Linkage and crossing over

Bl Monohybrnd Cross and Dihybnd Cross

¢l A-linked trait and Y-linked trait
dl Aulosomes and sex-chromosorne
el  Incomplete dominance and Co-dominance
Why human male are heterogametic?
What do you mean by dichromacy and monochromacy’?

F @
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vil] What do you known about £72 and ZW in sex determination
vill) Why incomplete dominance 15 called partial deminance?
ix} Define lollowing terma

() Genetics (b Allele [¢) Crenie

id)] BKaryobyps (] rauttrpde alkele (] test cross
lg] Mutant (h) Test cross (I} Back cross
{j] Linkag:e (k) Crossing over (1} Protanom

imj Isoagglutimogen in] Ervithmblastosis oefilus
%} Why law of segregation i called purity of gametes?

4, ive detail answer of following gquestions:
i} Explain emstasis with reference to the inhetitance of coat
colour in Labrador retriever.
n|] Describe inhentance of tem traits with the help of genetic
OIS,
iti] Describe ABO blood system in human with genetic cross.
- iv] Explain =sex determination in human and sex linked (x-linked)
trant with penetss cross,
~a v} A male has co-dominant blood group marry with female whoge

blood group 13 homozygous A, both heve a male child who
marry with a female wath recessive blood group what will be

e & the chances of blosd group 1n their children? Prove [t with
genetic Cross




