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Gene
(Sorle istheasic unit of biological information. a3

h These are actually parts of DNA comprising its base s 2 Alleles of the
sequences. i :‘:!::

Characteristics of Gene o e

Q) The position of a gene on the chromosome is called its I s = e
locus. ted T=UB | LBV e

(ii)  Hereditary characteristics pass from parents to offspring — ?_ :F;>— —
through genes in their gametes. _,<:T\:=%>_ Homarygous

(i)  Genes are responsible for producing startling inherited S A
resemblances as well as distinctive variations among Fig. 22.1 Allelic pairs on a

) homologous pair of chromosomes

generations.

(iv)  The genes are passed to the next generations as intact parental combination between
generations.

(V) Sometimes, variation are produced due to shuffling, mutation or juggling in gene.

(vi)  Genes form pairs on pairs of homologous chromosomes.

(vii)  One member of a gene pair is located on one homologue, and the other member on other homologue.

Allele

Characteristics of Allele

Partners of a gene pair are called alleles.

1%,

Y A

Q) Each allele of a gene pair occuples‘ u i same g= e lo‘ i' on ntn It spactl /e hnn”uuogue
(i) Both aIIeIes on one locus, .naJ t‘c Jﬂel t'ca\ or u ‘fe e,nt irom each q‘her.
Phenotype aro_l_ P-E?“P‘f"ﬁ‘_ %_” \ | \

Definitions

(i

'I' ‘I m

Y Phanatype is th= fs. m of appearance of a trait.

Jumping genes do not settle
peacefully on their loci, they keep
on hopping on different loci on
the same chromosome or other

w1 .
Clefiotype is the genetic complement for a particular | chromosomes.

trait in an individual.
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Example _
A flower may be red or white in colour. Flower colour is tra|t and rnd and white-aig S
two phenotypes. Red is represented by ‘R’ and white by ‘r '

Population /

Any group of interbreedinj crganiszts of tha same!speciés thet exist thgether in both time
and space isalled a perulation.

Gene Pool "/ AN

All thegeres.allele; vound 'in' a dreeding population (group of sexually interbreeding
graarnisn of saie species that exist together in both time and space) at a given time are
unle,l“ ery called the gene pool. It is the total genetic information encoded in the total
genes in a breeding population existing at a given time.

Beanbag Genetics
If we imagine population not as a group of individuals, but as a group of individually
segregating and randomly assorting alleles, we can understand the concept of “beanbag
genetics”

The alleles are like beans in a beanbag. The entire beanbag full of beans is the gene pool of the
population.
In the beanbag approach we can imagine the entire gene pool comprising all the alleles for all
the different traits at once, or we can just focus on some subset, such as all the alleles for a
single trait.
For convenience, we can focus on the gene pool for a single particular trait. A sample
population of 100 diploid plants, some of which bear red flowers, others bearing white
flowers has a sum total of 200 of all the different alleles (R or r) for flower colour trait as
its gene pool.
Define gene pool. Explain the concept of gene pool in a same population.

(Exercise Question xv)

22.2 MENDEL’S LAWS OF INHERITANCE

Introduction
Gregor Johann Mendel (1822-1884) laid the foundation of classical genetics hy

formulating two laws of heredity (law of segregation and law of mdeH: .dmt gssortiich’). M

He was a priest. He performed series of sieeding exserimerits QN g?.d:n pe° !‘F-sum
sativum) in his monastery garden far =Ievpr yedr fs) (1854 18 1) L

Reasons for Selection of Pea Plant: \ J
Mende!-sefedted Pisysisatiyutel for i-Jis'-._expanmqnt-dué' to following reasons:

i) It is eassc, clltivaie and gqc._w:-;"w%i{ in garden.

i) Its fI0wqrs-,a_re'-her|'-na_pr.rC‘dEZ:é and self-fertilizes but can also be cross-fertilized.

i) o _';i]*..e aajp b?w.\NL\en'géh'erations was very short so many generations can be grown in short

| wbried of time.

¥/) ~ It has sharply distinct traits. Each trait has two clear cut alternative forms or varieties.
E.g. seed shape had round or wrinkled phenotype.
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Contrasting Pair of Traits e
Trait | Dominant | Recessive 4'_ v = \A
‘ --:- | |I |.-"' _ll. I'l '-'\-.:'-\. e 4 -
4 U S P S Y B B |
Plant .-‘_?.. ! i -_I T 1 ! [ 1 '\-\,% o .'H.\, ..___n 1
Wigne S Pl AR TR R TR Y T
Tin | e T 0] M e WL RS
|(>- felit) ) 1A '-__:_ﬁ insdl) e - L’

.-: | o el -l'
L 0 :T_‘__ L
e L 1

Q *x

-'-T.nn LB | -
-3
I‘“-."'-. ‘J | = 4 A Purple White

A c-‘ou

Flowe
Pasithon AL beat
Junctions
(axial)

-
At tips of
branches
(terminal)
Pod A s —
Colour 23 - M

Green Yellaw

ol e e o St

Shape
Inflated Constricted

Seed ' -,
Colo - Y]
apadoy Yellow Green Q"?'
oy
Seed A
Shape Round - Wrinkied

Fig. 22.2 Seven traits of garden pea studied by Mendel

22.2.1 Mendel’s Law Of Segregation

STATEMENT
According to Mendel’s law of segregation
“The two coexisting alleles for each trait in an individual
segregate (separate) from each other at meiosis, so_that—-
each gamete receives only one of iii¢ two -al.,e'c:, Ath es( |
unite again at random eerilllzatin, ﬁj‘f nar‘wte‘a 'whén. '
zygote is formed.” |\ S AL VL
EXPLANATION, | =~ A ﬂ“\n \ A
Mendei h.rt ﬁ,ta)l'sh% tflLe preegiig lines or varieties

for cach! it L) L
,| mf lJP tiresdi |g varlety upon self-fertilization always
™ 1| N | ‘*nloa'aced offspring identical to the parents. For example a
~ true-breeding round seed plant produces only round seeds. [Fig- 22.3 Mendel’s cross to study,
- Similarly, a true breeding wrinkled seed plant produces LSingle trait inheritance in pea.
only wrinkled seeds.
Mendel studied one trait at time to develop law of segregation.

Such a cross in which only one trait is studied at a time is called monohybrid cross.

NN
"‘-.
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Phenotypic Expression N
Different steps performed by Mendel to develop law of segregatlon e descr' i
sequence as following . .

P1 Cross ' '

He cross-fertilized a true hreeding rounrl ceed male, piantw th a frue brccdmg wrinkled
seed female plant.

He called it first parsnical'\generation| (P1).- Their .rsprlng were called F1 or first filial
generaian.| All\Fyoffsbring were réuna likc-one of the parent.

Round dominétediwiinkled.
ltz, dpminante!wa: complete because no offspring intermediate between parents was

_ fcenil.cide-called the trait that appeared in F; as dominant while the trait, which was

1% ‘wiasked as recessive.

1 Cross
Mendel allowed self-fertilization among F; monohybrids to raise F, progeny. As a result
of monohybrid cross, 3/4 of F, were round and 1/4 wrinkled. Mendel got similar result
and same 3:1 ratio in offspring of monohybrid cross for all seven contrasting pairs of
traits.

F, Cross
He self-fertilized F, plants to raise F3. He noted that 1/3 of F, round produced only round,
while 2/3 of F, round produced both round and wrinkled in 3:1 ratio but F, wrinkled
produced only wrinkled. He concluded that 1/3 of F, rounds were true-breeding like P;
round and 2/3 of F, round were monohybrid like F; round.

Mendel’s Interpretations
Mendel proposed

o Each contrasting form of a trait e.g. roundness or wrinkledness of seed was determined
by particulate hereditary factors, which he called ‘elementen’.

o These factors carrying hereditary information were transmitted from parents to offspring
through gametes.

o Each pea plant had a pair of these factors, one derived from male parent and other from

female parent. Both of these factors together controlled expression of a trait.

Genetic Expression
Mendel designated dominant factor with a capital letter and recessive factor with a small
letter e.g. ‘R’ for roundness factor and ‘r’ for wrinkledness factor.
Johannsen renamed them as ‘gene’. . —. 1
The true-breeding round seed plant of P; generation carried RR pilelss ywhiie vive-}
breeding wrinkled seed plant of P; carried v alleles. .~ [ | 7 | A —
When both the alleles of a geme-pair in'e:q oagan st lare samg:, fhe' “grganism is
homozygous for that geiie! palr = und'vH 1ar, \,-vlth a| mmozycous genotype is a
homozygotn
Mendel mrer ed-tiai‘each 11cmr [_al"li“d from palr 50 that a gamete received only one
member. Al hen niale ¢ gaimete, car. yirygtactor (R) fertilized female gamete with factor (r),
the somplete sp* of Lhe two Tactors (Rr) for the trait was restored in zygote. The zygote

T deve loned o Fr offsprmg that was heterozygous ‘Rr’.

T W | ‘_\'/"l .21 wo alleles of a gene pair are different then it is called heterozygous and such an

individual with a heterozygous genotype is called heterozygote.

F, offspring (Rr) a monohybrid for seed shape was round in phenotype but heterozygous
in genotype. Its alleles also segregated during gamete formation.

Punnett square indicates that 1/4 of F, progeny would have been ‘RR’ (homozygous
round), 2/4 ‘Rr’ (heterozygous round) and 1/4 ‘rr’ (wrinkled).
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] / Segiagatitn|

7
g Q

Gamelds \

—\r

Conclusion

Al tliese)re; ,ultJ sapport Mendel’s law of segregation i.e.
oRH Ilues are present in form of pairs in an individual.
s Alleles separate during gamete formation from one another.

o Each gamete receives only one member of the pair.

o Actual number is restored after fertilization when gametes fuse to form zygote.
Further

J Phenotype ratio of Mendel’s law of segregation is 3:1 ratio.

. Genotype ratio of Mendel’s law of segregation is 1:2:1

QUESTIONS RELATED TO ABOVE ARTICLE

Define and explain Mendel’s law of Segregation?
Explain with example Mendel’s law of segregation.
Define Mendel’s law of segregation. Explain it with an example.
Test Cross
Definition
Test cross is a mating in which an individual showing a dominant phenotype is crossed
with an individual showing a recessive phenotype.
Importance
It is used to find genotype (homozygosity or heterozygosity) of phenotypically dominant
parent.
Explanation
This cross was used by Mendel to find genotype of individual.
A phenotypically round seed could be homozygous (RR) or heterozygous (Rr). X
all prr)gen /,'

(SWL 2021, MTN 2022)
(Exercise question ii)

o If phenotypically round seed plant is crossed with homozygous recegsiie =i
is of round seed then tested phenotyplcally agminant.in aividua! is b nrr0"fy4( ug,
o 1/2 round seed and 1/2 wrinkled sceq. prog ‘1yt1en 1=51=j phenctypcc Iy~ Gominant

individual is heterozygous

Il!

If the seed=:: hcmo yoous, rceno"R T the seed is heterozygous round (Rr), it

will grow mtq \a ‘peal p!alt thai-Torms aII
| eambfes | with |¢nly/' R allele. Wrinkled
. seed Diant'is diways homozygous recessive.
"I will form all gametes with ‘r’ allele.
Fertilization will result in 100% round seed

progeny.

will grow into a plant that forms half the
gametes with ‘R’ and half with ‘r’ allele.
Wrinkled seed plant will form only ‘r’ type
of gametes. Fertilization will result into
50% round and 50% wrinkled seed
progeny. Even a single wrinkled seed in the
progeny is a convincing proof for
heterozygous nature of the round parent.




Chapter—22 Variation and Genetics

A

T he.

indi

AN J\

Resi

Round Wrinkled Round Wrinkled ‘ .

- /=
\4 §
®\([7@\ U xo\ -é ®
s ' LR -,L Rr
\ R |\ \\ > + [
1t ' Result
rcund sedd-picyeny. % round seed and
tested  phenotypically  dominant | %2 wrinkled seed progeny.
vidual is homozygous. The tested phenotypically dominant

individual is heterozygous.

Fig. 22.5 Test cross of a round seed

QUESTIONS RELATED TO ABOVE ARTICLE
Define and explain test cross.

Define test cross. Explain it with example. (GRW 2017, LHR 2019)

22.2.2 Mendel’s Law Of Independent Assortment
Statement

According to Mendel’s law of independent assortment
“When two contrasting pairs of traits are followed in the same cross, their alleles assort
independently into gametes.”

Proof of Law of Independent Assortment by Dihybrid Cross

Conclusion

During these experiments, Mendel decided to study the inheritance of two traits
simultaneously.

He crossed true-breeding round and yellow seed plants with true-breeding wrinkled and
green seed plants. All the F; dihybrids were round yellow seeded due to dominance.
Then he made a dihybrid cross by allowing self-fertilization among F; dihybrids. In F;
alongwith two parental combinations (round yellow and wrinkled green), two new
phenotypic combinations (round green and wrinkled yellow) were also found. A clear cut
9:3:3:1 phenotypic ratio was found in F. -
From appearance of these new recombinani p nenaty DES | of 2, Menonl i fe. ed.us at

Some sort of shuffling of &ileles hai: "ccurrpd daring, gcrﬁefn rorma1 ian.

He called tris mechanism as indenendent cssmn'ﬂnt sFalieles into‘Gametes.

He colchided st tFm 1||“E°S ﬁD\\S\L ed shape and colour were not bound to remain in
parentay coinbir at;ons Forevcf {.e. "R’ with Y’ and ‘r’ with ‘y’ rather these were free to

-, aSEOr m’iepencently

k] 1=_w.i|“rmut|on of alleles of one trait into gametes has no influence on the distribution of

élleles of the other trait. Thus the chance for a plant to be round or wrinkled is
independent of its chance of being yellow or green.
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Round, Wrinkled, N 1
vellow  green =% 0y
= =2 b 1 AT
P, generation O X A7) ,1__u.-- E Wl | _,-‘f_:_ \ .'*."‘H.“_'Z-:'“' iy
[l - A __|I
':--:.' g
N e
m '\.N- i i 1
~ -L'-:"‘-._I ::"] |“-x:| Jﬂ"':\.J__.l ' A
N ”‘Jl AV ACEE
F, generation -
Round and green 3
Fig 22.6 Dihybrid cross produces parental =
as well as recombinant types. - I:'; ~ ".. [fl',L.:l | x:;—tl )I |
PROBABILITY AND PRODUCT RULE - e~ aﬁ \I | ¢ LJ \o O
Probability is chance of an event to occu’. ) \ '-, ARRIERR \
Two independent events o~-,cvr du ﬂ.lg Icl’\7\7 i n-.o.ﬂp-nrr;iem at.schf-ne"nt .
Q) In F, offspiing of a me rqraybr *cmsn *he j:dep@_n_de‘m chance for a seed to be round is
3/4 or )-beuvyriﬁbled’?r W p N YN~
(i) Inherltancn o’r- é.ned '*o:our as-uzmomer separate event. The independent chance in F;, of a
; P"{)IJ;(Lhyﬂl‘lj ,crn IS foi»u 'seed to be yellow is 3/4 or it to be green is 1/4.
. Y r-tws' inidependent events are occurring simultaneously like in dihybrid cross, the
Q,k‘ﬁ} *:l h . tlo of each joint phenotypic combination can be obtained by multiplying the
H\'_f' x; ) probabllltles of individual phenotypes. It is called product rule. The product rule state

Chapter—22 Variation and Genetics

that:
“The joint probability that both of the independent events will occur simultaneously is
equal to the product of individual probabilities of each event.”
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Event No. 1 Event No. 2 Both events at a time _

Seed shape Seed colour Seed shape and colour — ™y =2
Independent Independent Joint probability of being A

probability to be probability to be | APl NaR L A

Round =% | Yellow " =% Round yellow, = '\ Y% % =9/16
Round =% | Green # Y4\ ['Flound gieeri P Yo X Vi = 3/16
Wrinkled =% 1 ~Nehow =4 \| Wririklad yeiiow = Yax % = 3/16
Wrinkled = Ya | 15heen =, s wrinkled green = Yax Y =1/16

Limitation of L.aw!of| Inc. epenaﬂr‘t Assortment
Independerit| asssiiment of genes depends upon independent assortment of their
ehisinédome. All the genes present on a homologous pair of chromosomes are linked to
gach other in the form of a linkage group. These cannot assort independently.
Only those contrasting pairs of traits can assort independently whose alleles are riding on
non-homologous chromosomes.
Pea has seven homologous pairs of chromosomes. The allelic pair for each of the seven
characters studied by Mendel were luckily on different homologous pair of
chromosomes. If he had studied an eighth character, its alleles would have been linked to
alleles of another trait on the same homologous pair and could have never assorted
independently.

Rediscovery of Mendel’s Work
Mendel presented his findings to Brunn Society for the study of Natural Sciences in
1865. His work lay neglected for 34 years. In 1900, 16 years after his death three

botanist; Correns, De Varies and Tschermach independently rediscovered and
acknowledged his work.
Activity

Normal individuals have melanin pigment in their skin, hair and eyes. Albinos totally

lack pigment in their bodies. Albinism is a recessive trait in humans. Two normal parents

have an albino child. What is the probability that their next child will also be an albino?
Solution

Normal allele 1s represented by “N” and recessive alleles for albino is represented by “n

Normal person = NN, Nn

Albino person =nn.

As the both of the parent are normal, so their genotype may be NN or Nn. In case of NN,

they cannot produce a recessive character. So their genotype is Nn.

According to the law of segregation, following cross takes place

X

C‘ 2

Father Mother
Nn Nn [
Gametes '
O R _Q X Q
mnm
NNV Nin nn
“Progeny
It gives 3:1 ratio according to law of segregation.
Conclusion
The result show that ¥ of the progeny of the above parent will be albino while % will be
normal.
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QUESTIONS RELATED TO ABOVE ARTICLE _
Describe the law of independent assortment with an example. (LHR-2017)
Describe the Mendel’s law of lndependent assortment with aii-examnpie:
. (Eixercice’ Quadtion iii)
Define probability. Derive-;3:3:1 l:~ ratic of wridepencentiassortnient thiough product
rule. _ ~—  {EXercise Question iv)
(L AZINROMINANCEEEEATIONS
DEFINITION-
Dominancg 'is a\phys |0‘0“"Ja| effect of an allele over its partner allele on the same gene
locus.
ITYPES |
There are four types of dominance relations among alleles. Each relation shows a
different style of functional effect on each other.
Complete dominance
Incomplete dominance
Codominance
Over domlnance
Deflnltlon
When one allele (R) is completely dominant over the other (r), presence of the recessive
allele is functionally hidden so that heterozygote (Rr) has the same round phenotype as
(RR) homozygote then it is called complete dominance.
Example
The contrasting pairs of alleles for all the seven characters chosen by Mendel are
examples of complete dominance.
Definition
When the phenotype of the heterozygote is intermediate between phenotypes of the two
homozygotes, it is called incomplete or partial dominance.
It was first described by Carl Correns in 1899 by working on a flowering plant named 4 O’

N =

clock.

Features

o There is no true dominant allele, the usual capital and small letter dlstlnctlon fﬁ"
dominant and recessive is not used. -

o Both the alleles are represented by same lefter but are nitmiseres d| fnrunhv

o Phenotype ratio is the same as the genotype raru 0 *htr=| roneedo test C1USS.

Example 1 \

Cross-1

When ‘2 a Lme b.cudmg Ted ﬂo VT 4 G P‘ou( plant was crossed with a true breeding
white fiovyerer paart ir, Fy\hvbrias, all had pink flowers having a shade intermediate
hatwien|thnke f  tlye 'marents due to an intermediate amount of pigment in petals.

Cross -

[ 1% “/hen Correns self-fertilized F1 pink, the F, showed all three phenotypes of flowers in the

ratio of 1 red 2 pink 1 white.
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. + AT
L/ W o
=4 { L MatAlleles! [ ¢ p—y
——— 3 X . i | e
P ‘ B R T (] ' '

Female Alleles

R RI Rl R2 Rl R2 RZ RZ
Red Pink Pink White

1 :: 2 1
Fig. 22.7 Incomplete dominance in 4 O’clock

QUESTIONS RELATED TO ABOVE ARTICLE

Write a note on incomplete dominance. (GRW 2018, MTN 2019)

What is incomplete dominance? Explain with examples. (BWP 2021)

What is incomplete dominance? Explain with examples. (Exercise Questions i)
Definition

Codominance occur when both the alleles express independently in heterozygote (A1A2)
and form their respective products X and Y the codominant heterozygote would have
both substances at the same time such alleles are called codominant alleles.

Different alleles of a gene that are both expressed in a heterozygous conetition are calien ke f
codominant. ==\ WHAR
Example A AT NN o O~ -
MN blood group is the mocfsunahlegxaw le 3F cnoonu nance as o*sc 1ssed elow.
MN BLOOD GROUP SYSTEM \ [ 1 \RZA -,
Discovery /™ y W il

MN bl 54 tyms fin, ma1 vorc“ﬂ\m“ ered by Landstelner and Levine on the basis of
specifican| |qen' p*e selit ' KBC.

.R|0|J~l TI\'p 5. [P
i\ | %Thers are three general phenotypes i.e. M, N and MN.

J' “«/ "~ M phenotype has antigen M that is produced by gene L".

o N phenotype has antigen N that is produced by allele L™.
o MN phenotype has both M and N antigen, simultaneously produced by their alleles L™ and
LN,
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PHENOTYPE | GENOTYPE | ANTIGEN ON RBC

M LMLM M g
N LY N ]
MN LY A CMamd N

If a man of M blood groap'marries-a vwoman 'of' N, bicoc group, al Thelr children will
have MN blood group.

e T T N RN
P IV Cy Phenotype
Genotype
Gameles
il
MN
F, (_f.."nul g
Fig 22.8 Codominance in MN Blood Group alleles

Definition
Such type of dominance in which phenotype of heterozygote exceeds over phenotypic
expression of both the homozygotes is called over dominance.

Example
In fruit fly Drosophila, the heterozygote (w+/w) has more quantity of fluorescent
pigments in eyes than wild red (w*/w") or white eye (w/w) homozygotes.

| MM I NN

(= ()

QUESTIONS RELATED TO ABOVE ARTICLE
What is incomplete dominance? Explain it with an example.
Explain codominance with the help of MN blood group system in man (GRW.20Z 1y
What is codominance? Explain the phenomenon of codomlnﬂnce Witk an exalr| ple

(Dlercist Questior V)

ML "“Hﬁll“_

Definition
All such-alterad alternaie ierins\of 4 gene, \Wiisse numbcr is more than tvvo are called multiple
alleles. = | || SRR\

Features ' A

1) - Gere mLta iont nry puoduce many different alleles of a gene.

fi ] % B e gele-may have as many as 300 alleles.

\ J | iy Any two of these multiple alleles can be present in the genome of a diploid organism.
' 1v) A haploid organism or a gamete can have just one of them in its genome.
Example

The ABO blood group system and Rh blood group system in man are the most suitable
examples of the multiple alleles.
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22.4.1 ABO — The First Discovered Multiple Allelic Blood Group System in Man

Discovery
ABO blood group system was first dlscovered by Karl Landste'”'f in 159

Phenotypes of ABO system '
ABO system has four different pﬁevlotvaccs, Ahizh)are dlstuncf froni eacii other on the
basis of specific antigen or. tte suri ace Of <t‘C -

0] Blood gxaip A It has-anitigan A, / ;

(i) Blood araup'E Itdias artigen L

(i)  Blood gron A3 it fad bioth aiitigens A and B.

(iv) - Biod[d grou: C 'tiias neither antigen A nor B.

(3enetics ¢Y ASU system
Bernstein explained the genetic basis of ABO system in 1925.
ABO blood group system is encoded by a single polymorphic (with many forms) gene |
on chromosome 9. It has three multiple alleles I*, 1° and i.

Antigens in the blood

(i)  Allele I specifies production of antigen A.

(i) Allele I® specifies production of antigen B.

(iii)  Allele i does not specify any antigen.

Dominance Relations
Following are dominance relations

)} Alleles 1* and 1° are codominant to each other. So they are expressed equally in
heterozygote to produce AB phenotype.

i) Allelei is recessive to both 1* and I°.

iii)  Therefore, I*1” or I i genotypes will produce phenotype A.

iv)  Similarly, 1°1° or I® i produces phenotype B.

v)  The homozygous or I® I® produces phenotype B.

Vi) The homozygous ii will produce phenotype O.
Blood group alleles start their expression at early embryonic stage and keep on expressing
themselves till death. Therefore, the blood group phenotype of a person never changes
throughout life.

A|B
I

: A A and B antigens can also be
Mutation 1——| present in saliva and other
body fluids & :eornn lersens

i — B catict 2eCrei0] s o,e:refor~ '-
Gene 1 Mutation 2 2 = Multnple 3no|e, heve dhrinant Secretor gene
.' 1A 1 5S¢ bhn chromosome 19.

Pnutanon 37—t & |
mhmmmw — ANTIBODIES

___________ Homozygous Anti-B
I ,' \ IAi Heterozygous A Anti-B
NN B WK Homozygous B Anti-A
15 Heterozygous B Anti-A
AB Bk Heterozygous A&B No
@) I Homozygous No Anti-A & Anti-B
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Antibodies in ABO system

1 The blood serum of A pheholype céfiairis atitB antibcaied. |

2. The blond:serum of B.zkanptyme Conteins ‘anti-/\-antiliadies.

3. The blead serum cs ABnhanofynehaes 1¢itser anti-A nor anti-B antibodies.

4. The bload'szrira f ,') ph‘ﬂ.n:)Ly;}e contains both anti-A and anti-B antibodies.

Imrf. tarice

1 Blw:j i ransfu5|on

- Blood group A can be transfused only into A and AB recipients because they do not
have anti-A antibodies.

o Blood group B can be transferred only into B and AB recipients as they do not have anti-
B antibodies.

o Blood group AB can be transfused only into AB recipients because they have neither
anti-A nor anti-B antibodies.

o Blood group O can be transfused into all other phenotypes.

Donor’s antibodies are quickly absorbed by other tissues or greatly diluted in recipient’s
blood stream.

o O blood group individuals are called universal donors.

o AB blood group individuals are called universal recipients.

The blood samples of donor and the recipient are cross-matched for compatibility before
giving transfusion. If incompatible blood is transfused, then it may cause;

)} Agglutination
It leads to serious results because clumped cells cannot pass through fine capillaries.

i) Hemolysis
In it either the antibodies of the recipient destroy the RBC of donor or the antibodies of
the donor hemolyze the RBC of the recipient.

2) Determining Paternity .
Genetic analysis of blood groups helps in solving cases of disputed naentage by A5z L
not provide sufficient evidence. It can only he used to prove *n at arf i ld'wducl is not tha
parent of a particular childe.g. - \ W

i) A child with phenotype AB ! annnf Op rhite, 0F pan et F;;,Ty;data is not sufficient
of phenon e 0. . | | ~= " evidence Tor disputed paternity.

i)  AmanefB r:hanr*vpe u ar riot @ﬂ‘a\he u‘ & blood type g"rionstting":;’gterg m[c))lr\eleserif(l):gf;

A chila, whose mpthe! Is_bE ghenotype O. His father | considered for a legal decision.
‘ (o jld eithe: ne \ o AB phenotype.

Anti-A and Anti-B antibodies appear in plasma during the first few months after i
They are naturally occurring in the absence of correspondirg-ait t|g°r \
The blood serum containing antibcaias is cqlltc’ antiserum.

.15 ”I"/Ik\:

Two new born babies get mixed up in the nursery of a hospital. Baby I is type B and baby Il is of

type O.
Determine their parentage from the phenotypes of these two couples. Mr. Haris is type A
and Mrs. Haris is type AB. Mr. and Mrs. Bilal are both of type A.
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Solution
Baby | Blood group | Possible genotype_ .
Baby | B °1%, 1% — [
Baby II 2 T i _ﬂ

The data of parents shows that;

_Parent | | |Bslcod group LESII"'B gcnotype pe |
WIr Haris SA M1, 1A
Mirs, Faiis'| [.) —AB 1*1°
| |\ Gilal A 212, 15
i INY] oV Mrs. Bilal A 121, 14
J [ M1 Cross between Mr. Haris and Mrs. Harris
' Mr. Haris X Mrs. Haris
A1 1A l 1*1®
Gametes 1A, i 1
Progeny 21214, 18, 1418
Children can be with blood groups A, B and AB but not with O.
2. Cross between Mr. and Mrs. Bilal
Mr. Bilal X Mrs. Bilal
A1 1A l A1 1A
Gametes 1A, 1A
Progeny 1A, 14, i

The cross shows children can be with blood group A or O but cannot be B or AB.

Result
These crosses show that Baby | (with blood group B) belongs to Mr. and Mrs. Haris
while Baby Il (with blood group O) belongs to Mr. and Mrs. Bilal.

Introduction S o/
ABO blood type is further differentiated by a + or — sign. This posjiivs sr, hi\gat'i'\-e ‘ inr{' \!
refers to the presence or absence of _anothet bliood. grvp sys‘cn ont. Jen Ca* led HE factor.
Rh Blood group system i5 definet=5n ine “basis of! RN 'far tar pregent on the surface of
RBC. This"*ystem is ..arred R4 eftar Khesus mc;ukey, because  its antigen was first
discovezen fin it by [ar*d te rer it }@\-ua -

Genetlcc of Rh\Sy; steln _'j —

_ J N _Jt is_sricoged by three genes C, D and E. They occupy two tightly linked loci. Alleles of

N RYA gene D occupy one locus called locus D while genes C and E alternatively occupy the

other locus. The D locus is of prime importance.

Gene D has two alleles i.e. D and d. D is completely dominant over d.
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Phenotypes of Rh System

. Persons having genotype DD or Dd have Rh factor on their RBC anc-ajz Rh™.

o Persons with genotype dd do not have Rh facior and 2re R |

Antibodies of Rh System \
Antibodies.are not preseni e! ther in Rn on, F\h pbreo N3 Antl Ria-antibody production
requires & stirmuius by ie hitman Rh ar tigen-iself.
An Rh—peicon, coes no. proiu:e anti—Rh antibodies unless he is exposed to Rh antigen.

Blogi-] renifusioi

| b | NRht donor is totally incompatible for Rh recipient. If an Rh person receives Rh antigen

i through wrong Rh* blood transfusion, he will begin to produce anti-Rh antibodies against

Rh antigens. Rh blood, clear of any anti Rh antibody from a donor who has never been
exposed to Rh antigen, can be transfused to Rh* recipient.

throblastosis Foetalis (Maternal-Foetal Rh Incompatibility)
Introduction
It results when an Rh™ woman, married to an Rh* man, conceives a child who is Rh".
Chances
o If the man’s genotype is DD, all of their offsprings (Dd) will be Rh".

. If the man’s genotype is Dd, half of their offspring with Dd genotype will be Rh+.

Mechanism
Different steps involved are
i) RBC of Rh" foetus cross the placental barrier and enter into Rh™ mother’s blood stream,

the mother’s immune system reacts to the foetal Rh antigen stimulus by producing a large
number of anti-Rh antibodies.

i) Mother’s anti-Rh antibodies seep through placenta into blood circulation of foetus, they
start hemolysis (brake down/busting) of RBC of foetus.

iii) Due to destruction of RBC, foetus becomes anaemic.

iv) Anaemic foetus starts to release many immature erythroblasts into hls L'O(‘d Streg| m ‘i haf'

is why this disease is called erythrob!astosn fwetallc WaR % -Z_ AU
v)  Anaemia may lead to aboriion or sitbizth—, L4 L L 4L L L
vi) If pregnar\,y contlnues, the, liver/ard 1|7|6°n or e £e1US swell as they rapidly produce

RBC. 2\ \ [y | BINs \ .
vii)  The bre.gkr._i(-)vv-{i'-. product =¥ KBC called bilirubin also accumulates in foetus. Bilirubin
" larddoes hissiam cells and turns his skin and whites of eye yellow. This condition is

S ealled jaundice. If such baby is born alive, it may suffer from severe hemolytic anaemia

and jaundice. Such baby’s blood should be immediately replaced by Rh™ blood free of
anti-Rh antibodies.
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High Risk of Incompatibility after First Pregnancy

The first Rh incompatible pregnancy may not face much problems if veiyfew of-fostal
antigens cross placenta into maternal circulation and the amsait df/aternal dntibocyy
production is not very high. But when placznta detecies at-irtha jarye nirmbevi-foetal
cells enter mother’s blood-stream'ard stimiulaig preducticn \of| laige/amuunt of anti-Rh
antibodies by the mother. Thase-gifi - Ri ahtiphd.e persist i thother’s blood for a long
time ana-are nersistant sk fortha nexi Rh 4Eoems

Control of Incampatihility |

Rh sensitizeticri of 12’ moth. is av0|ded by a simple therapy. She is given an injection
orRl) aritise! ‘urndaring early pregnancy and immediately after birth. The Rh—antibodies
in'thp Rh-antiserum will destroy Rh™ RBC of the foetus before they stimulate production
of maternal anti-Rh antibodies. The injected antiserum disappears before the next
pregnancy.

Sometimes a mild ABO incompatibility protects the baby against a more severe Rh
incompatibility. If O mother conceives A* or B* baby, any foetal A or B type RBC
entering the mother’s blood are quickly destroyed by her anti-A or anti-B antibodies,
before she can form anti-Rh antibodies.

Activity

An Rh” woman is married to an Rh* man whose father was also Rh".
What is the probable risk of erythroblastosis foetalis in their babies?

Solution

Genotype of the mother is dd
The father of the man was Rh™ Thus the genotype of the father is Dd.

Cross

Father X Mother

Dd dd
Gametes

D,d d
Progeny

Dd (Rh"), dd (Rh)

Result

The result of the cross shows that the 50% of the baby will be Rh™ and 50% will be Rh".
Therefore, there is 50% chance of erythroblastosis foetalis in their babies.

QUESTIONS RELATED TO ABOVE ARTICLE : 5\
Explain the ABO blood group system. il I-we Jf‘la BWE zClB\.

Explain the genetic basis of human bloog-groups, " " ) | /7«2 ERZS1Yy
Discuss Rh blood group svstem n man..t 1Y \ \ ~(MTN 2021)
What are multiple alleles? ixplairt with-an txample \ (I\ ITN 2021 FSD 2021)
Write notz¢n mother-fete | RH ing rolripetibly, (FSD 2021)
Write'a riGte\or Rh"bmoc L1I'Cul[)\9¥>ttﬂ. Ve the principle of its transfusion.

(DGK 2022)

_ I'\Of.ne rqulflpte ai'e, Uescrlbe multiple allelic blood group system of man.

(Exercise question vi)

What Is Rh factor? Describe the genetic basis of Rh blood group system of man.

(Exercise question vii)
What is erythroblastosis foetalis? Discuss the adverse effect of Rh-incompatibility.
Also suggest a therapy to avoid Rh sensitization of an Rh negative mother married
to an Rh positive man. (Exercise question viii)
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Definition

\ J A= xunp.e
| |

'Bombay Phenotype
Definition

Mechanism

(i)
(i)

22.5 EPISTASIS

When an effect caused by a gene or gene pair at one locus-
interferes with or hides the effect saused ny'arsthzr'gane
or gene pair at another lozas, sucti-2 phsnomenor; cf vene
interaction is called epistasis.|

Eprstaﬁs nuust not-se \,nn'rusad with dorninaiica, Domlnance
is the elticriship) bet vezn aileles— of ‘the same gene
occunying ' the' dame! lccts, Lut epistasis is the interaction
hPL\rlrli en 1|1Fe renl-genes occupying different loci.

Bombay phenotype is an example of epistasis.

Such a blood phenotype which is different from genotype
is called Bombay phenotype.

The expression of ABO blood type antigens by 1* or I°
gene depends upon the presence of another gene H.

ABO locus is on chromosome 9.

H locus is on chromosome 19.

H gene (dominant) changes a precursor substance into
substance H.

It produces an enzyme that inserts a sugar onto a precursor
glycoprotein on the surface of RBC.

Antigen A or antigen B specified by I* or I® gene could
attached to rhis sugar of substancr_e H Fig. 22.9 Bombay phenotype
The recessive allele h cannot insert sugar molecule to result from epistasis
glycoprotein. Therefore, hh individuals lack the site of
attachment for antlgen A or antigen B. Their RBC lack A and B antigens although they
do not lack I and I° genes. They are phenotypically like O but are not genotypically O.

Activity

A student of biology learns about ABO blood types. He knows that he is type O, and his

father is type A and mother is type AB. He wonders how his blood type, could-hdve ™ | | )

arisen. Suggest how type A and AB parents could produce a r‘r“ of bloud *’-ypp C

.-_.-

Solution _ \ -

First possibility if the A is hamozwr}ds —

&

T 1 I’AI:_A g # y .', I'..-'. / '-I. "-__.-'.. .I:. S i{IB
Gametes || IR, AL T A B
fFrogeny. IAIA JAB

':\J‘)"’U chiltiven with blood group A and 50% with blood group AB.

Second possibility if the A is heterozygous
1 1*1®

Gametes 1A 1" 1B
Progeny I i A I
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Result
The above cross shows that it is not possible that two parents with blood-gicup A i 22
produce O blood group They always produce blood group A o:wincd Jioup E.

QUESTIONS RELATEDLTQ ABHIV AR NCL E[il

What is Epistasis? Explaln itwith exarwolf of B<i 1bay pherotype. (GRVY 2019 GRw 2022 RWP 2022)
What is epistasis? Explaii yous answier with an axarple - - (BWP 2022)
Define-gpistasis. Expiairi enitiasis gen? wterdr‘hcn with examples.

(Exercise Question ix)

_Illllll

Refirrepsr,
| Vikien a smgle gene affects two or more traits, the phenomenon is called pleiotropy. Such
a gene with multiple phenotypic effects is called pleiotropic.

Examples

1. White eye gene in Drosophila also affects the shape of sperm storing organs (spermathecae).

2. Genes that affect growth rate in humans also influence both weight and height.

3. In cats, the dominant allele W not only makes fur pure white but also causes deafness. In

w homozygous normal pigmented cats, melanocytes produce pigment of fur and also
contribute to hair cells in inner ear that sense sound.

When a cat gets W allele, its melanocytes fail to develop properly. Melanocyte failure
causes change in both phenotypes i.e. white fur and deafness.

Explain epistasis and pleiotropy

Explain pleiotropy with the help of examples. (RWP 2021)
What is a pleiotropic gene? Discuss pleiotropy with examples. (Exercise Question X)

22.7 CONTINUOUSLY VARYING TRAITS

Phenotypic Expression
Phenotypic expression of traits has two aspects i.e.
1 Qualitative
2 Quantitative
1. Qualitative Traits
Definition

Such traits that vary qualitatively are called qualitative traits.

Features -

o Qualitative differences (variations) are large-and more ohvisusr, .| | - \

o Some traits like pea seed shape stiew dIS"O 1*..‘.u¢ U qual ta*l\,P Vir: atmrs W|th two,
sharply distinct phenotypes. | ' \

o Their frequency diagram’ faring asyrmetsic) "ilsw sution  curve, Wlth much greater
frequeicy bf ot fenotypes al bne sﬁ@\haw at the-other end.

o Mostly Frai 13 am C)rtrc II'=d bv singie gene/gene pair or some multiple alleles.

Examples m

e anleiian-iraits of pea plant show two phenotypes Round or wrinkled

b/ Flower colour in 4 O’ clock plant has three phenotypes Red, pink, and white.

o ABO blood group system has four phenotypes A, B, AB and O.

Tongue Rolling as Example
Some people can roll their tongue into a distinct U shape when they extend it out of their
mouth. They are called rollers. This ability is due to a single dominant gene.
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2. Quantitative Traits (Continuously Varying Trait)

Such traits that vary quantitatively are called quantitative traits or rr‘n*.nuously VLIS Ig-
trait. — .

A continuously varying trait is enceded b/ ¢lieiss of W Qr mare Jnferem gene palrs

found at different loci, ‘ali inflismci 1g ihe! 'salne tréit| in_an ‘additive way. These

quantlteﬂ\e wraits are caited plygeriic'trais.and theirgenes are polygenes.

Features \ .

o Quahtltctl\ ¢, difiersnces dre small and less striking.

e [ hese traitsiare controlled by more than one pair of genes and show many phenotypes.

b _acn polygene has a small positive or negative effect on the character. Polygenes
supplement each other and sum of positive and negative effects of all individual
polygenes produce quantitative phenotypes of a continuously varying trait.

o Frequency histogram of quantitative traits shows bell shaped curve in which maximum
phenotypes are present in the mid. The horizontal or X axis indicates the range of
different phenotypes of a trait while vertical or Y axis indicates the number of individuals
or their percentage.

Examples

)} Wheat Grain Colour
Wheat grains vary in colour from white to dark.

Experiment of Nilsson-Ehle
Nilsson-Ehle studied the genetics of wheat grain colour.

When he crossed a true breeding dark red grain plant with a true breeding white grain
plant, all F1 grains had light red colour, intermediate between two parental shades. It
seemed to be a case of incomplete dominance.

But when F1 grains were grown to mature plants and crossed with each other, F2 grains
had exactly seven shades of colour in the ratio of 1 dark red : 6 moderately dark red : 15
red : 20 light red : 15 pink : 6 light pink : 1 white.

Genetics
Three different gene pairs (Aa, Bb, Cc) at different loci contribute to wheat-grain colovs— '
o Alleles A, B and C code for an equal amount of red pigment which | s .1‘“pr":tl e efrem
o But none of a, b and ¢ encode red p'-aments whlf‘n isal 0 ’zoro) 4oce ¢ qmwe £fiect.
Phenotypes In Relation To Genatypes = VLAY
o If all the stxalleles code-foi red p/ginent (V BB“U +l*e graln is ddrk red.
o When ‘22:)¢, of e, °-:x ar. P|t5 er eoae\ o() pigrient (aabbcc), the grain is white.
o When a qmn f a» cne, ane e Torred pigment (Aabbcc or aaBbcc or aabbCc), its colour is light

= )'l‘J

-1»'. A Jlf I-tias two aIIeIes for the pigment (AaBbcc or aaBbCc or AabbCc), it is pink.
s Ifit has three pigment alleles (AaBbCc or AABbcc or AabbCC), it will be light red.

o Four alleles colour dose (AABBcc or aaBBCC or AAbbCC) will make red.
o Five alleles colour dose (AABBCc or AABbCC or AaBBCC) will produce moderately
dark red grain.

214



Chapter—22 Variation and Genetics

Thus the coJou pheno;ypn of me graln is the sum of the |nd|V|duaI effects of all the six

Crioalieles. |
J|| J ' "-!]:..1\monmental factors like light, water and nutrients also influence the amount of grain
’ "~ colour. Environmental variations make the distribution of phenotypes more smooth and
continuous.

I

Number of individuals

=
EEETITE A A

Light Red Moderately | Dark red
dark red
1 2 i 4 5

Fig. 22.11 Number of pigments — contributing alleles in F2

L]

i) Human Skin Colour
It is also a quantitative trait which is controlled by three to six gene pairs. The greater the
number of pigment specifying genes, the darker the skin. A child can have darker or
lighter skin than his parents.

iii)  Human Height e~ (a\\

\
ey
.

It is a more complex polygenic trait. The perfectly cont %QUS ',ra~|ag¢f)h in rarqgmfre" :

human heights produces a smooth, all-shaaed ,urw A favi pﬂ(}plb e Velﬁyl taii or very

short, but most individuals, fa-” |n fh‘ avfage cr mﬁan \naiue f-. |

This trait is Lontrolleg mar'\ pa|r> (_.1' gunf,-s ot d|ffercnt IOCI Even multlple alleles may

be postit hﬂe at, eaCF\-!oc:u« \ ™ Ly

More th= n umrwr c.)f alr—*hs f\,. shortness the shorter the height will be. Similarly, greater

the, }mmber cf listes Tor tallness, the taller the height will be.

] ,Jl 5|~frle|‘tﬂr;f] Erlvironment

wJA T Environment also has a strong influence on height, intelligence and skin colour in

humans. Constant exposure to sun darkens skin. Poor nutrition prevents achieving
genetically determined height. Healthy and encouraging social environment promotes
intelligence.
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f
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Nembs of indiv Juals

(in bundes5 37 thousands)
~
o

“w

L ] ' J
i-d¢ | 4any | g6 | sé6 | 660 | 6ot | 7or0 | ren
Short Moean Tall

(average)
Helght
Fig. 22.12 Human height is a continuously varying trait

L

Activity
Study continuous variations in height and discontinuous variation in tongue rolling ability
of man and record your observations as histograms.

Solution

Frequency Histograms
A frequency histogram is a simple graph. It shows variations.

o The horizontal or X axis indicates the range of different phenotypes of a trait within a
population.

o The vertical or Y axis indicates the number of individuals or their percentage in the
population.

Frequency Histograms of Tongue Rolling
Some people extend their tongue out of their mouth
and roll it into U shape. They are called rollers. This
character is due to a single dominant geng, It is a_ ! :

=

discontinuous variation. _, ) —

So it is inherited in simﬁ-,llel'-.l I\_;.'aélt-:d-ell';ah :Féi;hill_)";]_. ".'té__ L
frequericy | diagrain *v’ftorr aéw'r»%tri'é‘- . oﬂéhr ibution |
curve. This, ciitve, show) much: greater frequency of Fig 23.13 Roller
. -.f“'fe._j‘|’t¥i'39é"_2'-_t_ .'éar"te_brff} and then at the other end.

a1\ J'l'-{.:x_\-'I-r_:t:JcIUré]'_q:'y_.-I.:ftb‘grams of Human Height
s T Human height is a continuously varying trait. A frequency diagram of heights of humans
in a large population shows that so many phenotypes are found in it. The categories of
these phenotypes blend into one another. It forms a smooth bell-shaped normal

distribution curve.
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Self-Work
Measure the heights of a large number of students in your college in cms (centimeter).
Also note the ability of each student as roller on non-roller. Record your observation in a
table like this.

| | | | |

Representing each measurement class as a bar with its height proportional to the number
of individuals in each class, plot the graph (Fig. 22.14)
QUESTIONS RELATED TO ABOVE ARTICLE
What is a pleiotropic gene? Discuss pleiotropy with examples.
What are polygenes? Explain polygenic inheritance. (Exercise Question xi)

22.8 GENE LINKAGE

Definition
Phenomenon of staying together of all the genes of a chromosome is called gene linkage.
Features
i) It is a physical relationship between genes.
i) A chromosome carries its linked genes en bloc in the form of linkage groue...

iii) The number of linkage groups corresponds to the number_of h0|-~mmgo Is )('urs 1f':__ W

chromosomes. Man has 23 linkage groups.; e RN N N2
iv) Linked genes whose loci..are oioge to-l=agin f)tI'EI do fiot) oae) M,udel s law of
independent assortment, be; causp i3St (anitot 4¢sort nceoemmly during meiosis.

V) Gene Imknge also mlmu. ws the chan«,gs OfﬂerTE*!P recombination and variations among
offsprings.| | T "~ (0 1) T L

Examples ARRRRE L

o -~ Geres fr L(.|OI l‘Ilndness haemophllla gout etc form one linkage group on human X

N N ."-{'lhl.un dine.
e "/ Genes for sickle cell anaemia, leukemia and albinism make another linkage group on

human chromosome 11.
QUESTIONS RELATED TO ABOVE ARTICLE
Describe the phenomenon of gene linkage.
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22.9 CROSSING OVER _

Definition

Crossing Over is an exchange of segments kefween nn_n—:ic,['er":hfomaf-'iz*s r_.:f h¢ma\ G Us
chromosome during meiosis; -

Importance J 4 _
Crossing aver fadyces the ¢hances Gtgene Tinkage.

Explanatici VAL |

\ J N \I;.D."\‘.i(,.Cr one bair of homologous chromosome. The homologous chromosomes pair up

| " lengthwise, point to point and locus to locus. One homologue carries genes ‘A’ & ‘B’, the
other homologue has ‘a’ & ‘b’. Crossing over occurs at 4 strand stage (tetrad) between
non-sister chromatids with formation of chiasma. Exchange of chromosome segments
logically means exchange of DNA, i.e. genes or alleles. Alleles recombine and after
separation four types of gametes are formed.

o Two with parental combinations of linked genes i.e. AB and ab.

o Two with recombination of genes i.e. Ab and aB.
If crossing over does not occur, only two parental types of gametes are formed. Parental
types of gametes produce parental types of offsprings, while recombination gametes

produce recombinant types of offsprings.

Meiolic chromosomes 1 Meiotic products
A 2] A 8 !
Meloses 1 F = Parental |
A B A B8 [
with no | - . 3 — x Parental
between - 2 - > ‘
————1 P
the 9 =t - Parental |
£l b a b [ ] .
o= amsseessmremmm——eemn = et Pyoma.l r 1
= iy | | -
A 8 A [y ) \ m ' A -
. 1) :l ' 1l 1 1 :'&1 "
x:hua"“ A : = A AT AT '
cossover | R je—" e\ e | | B
= T | “‘ AT IR LY R i
betwesan .-..‘.- e - -h - . B i m |
Mgm A b a W i Dl T, & b l
Ot — | g— ST Parental [
- [ _____1_._; _____ teig! 22716 (Crossing over recombines genes)

Definition

It is the proportion of recombinant types between two gene pairs as compared to the sum

of all combinations.
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Formula

Recombinant Types

Recombination Frequency = _ALG0N |
Sum of all ‘ombl..auunc VS LS
Calculation of Recombination Fieguency, .~ 0 L 40 v 1
The recombhination frequengigs Let'\ee1 tvu; |...ked genes can be calculated by

backchs_~| 19, the ther\Jym te to hf)n Uygn ' double recesswe

Lo \ ) '-A - B a b
L X
a b a b
| (\
t Parental
Gametes 3 :
A b
§ - Recombinant
a B types
e
A a b
B A b a B
2 b A B a b A b a :I
a b 8 b 2 b 2 b
40 40 10 10
Offspring : Parental types Recombinant types
(40 + 40 - 80) (10+10=20)
20
= — 100

40+40+10+10

x 100 = 20%

Fig 22.17 Recombination frequency between two linked genes.

Mapping of Gene

Importance ofCirosti! 191 Cver

' |‘“J '

The recombination frequency is directly proportional to the distance bptv_vcm the-iin Eoh |

1%, -

gene loci. Genes can be mapped on a chromosome on the _— ___-:I _*—:n_—r i
I 1—1_ | S o <
basis of their recombination frequencus 1f. 15 of l F‘"i L
recombination frequency is-equal tcxl T map c|s;an,,«,, N Y l
the two linked genes A anij B3 *vrn a 73 r:cnmb watmn - ‘ ‘:F- 50 > b
frequeiCy must he 2€ units apdrt; W A E i
a |§ ng-29 p.x\_ 0 20

Crossing cver' produ ces ”"‘ﬂefIC variations among offspring. Genetic variations lead to
Irﬂmwndt ug, ezt iations in their traits. Variations provide raw material for evolution by
“leltting them adapt successfully to the changing environment.
QUESTIONS RELATED TO ABOVE ARTICLE
Explain the process of crossing over with the help of diagram. (LHR 2022)
What is crossing over? Define recombination frequency and explain its significance.
(Exercise Question xii)
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22.10 SEX DETERMINATION .-

SEX CHROMOSOME & AUTOSOME e ™

Sex Chromosomes

Such chromosomes which have gesss T Jetermination of sex are-called gex chromosomes.

Autosomes

All chr¢mbdornis biher than ssx chromosomes are called autosomes.

ALtD30mIAS G2-1IGT carry any sex determining gene.

. J | Discovery .

Sex chromosomes were first discovered by T. H. Morgan in Drosophila.

Examples

1)

In Drosophila

In fruit fly, Drosophila melanogaster, there are four homologous pairs of chromosomes.
The chromosomes of the three homologous pairs are similar in both of the sexes, but
fourth pair is different.

The female has two similar rod-shaped X-chromosomes in the fourth pair

The male has one rod shaped X-chromosome but the other a morphologically different J-

shaped Y-chromosome in the fourth heteromorphic pair.

of

g

Diploid chromosome Diplold chromosome
complement In cells complement in cells
of male of female

" f r. \
| A
| ] 4 : ’ )
\ € ¢ ~ ! &y |
) \ 4/ Male ~ Fonﬂlr \' .Y LW O "__,' =
\x Y o — - X .' X5 L " ' At

Fig. 22.18 ChiroracSomés df O\ SE_DI.‘Io:opiﬁ'a.r.we:anoéaster'

S e T [ ==y

o,

&
In Huniah!

. Hurphnshave 46, chrériosomes in the form of 23 pairs. 22 pairs are of autosomes and one

NN
Diuiis of sex chromosome.

Autosome pairs are common in both the sexes but the 23" sex chromosome pair is
different in male and female.

Woman has two similar X-chromosomes in her 23" pair. Thus, she is XX.
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3)

4)

A man has an X-chromosomes along with a much shorter Y-chromosome in his 23" pair..
The 23" pair in man is heteromorphic. Thus, he is XY. e )
SRY is the male determlnlng gene !t is I0Latod at u:""fIO c. ahor* arm of Y nhru.losome

Its name SRY stands for sex dete 7 unmg .Eqmn A

SRY
gene

X chromosome Y chromosome
Fig. 22.19 Sex Chromosomes of a man

In Grasshopper

In some grasshoppers, males and females have different number of chromosomes.

The female has 24 chromosomes in the form of 11 pairs of autosomes and a pair of X
chromosomes. Thus, female is XX.

Male grasshopper has 23 chromosomes. He has 11 pairs of autosomes and only one X
chromosome. The other member for sex chromosome pair is entirely missing in male.
Thus, male is XO and female is XX.

In Ascaris incurva

Ascaris incurva (a round worm) has compound sex chromosomes.

Female has 42 chromosomes in the form of 8 pairs of compound X along with 13 pairs o "~ [

ey

autosomes (16 + 26). § e\ (CAY (AR

'H.I | .-"..' \ ."'.I‘\__-'\".

Its male has 35 chromosomes comummg 85< pus one \r alor g vnh 1 pmrw’m

autosomes(8+1+26) ', \ 7\ O LA\

MME B

Explalr tl e pnrenomenon ni-sex determination in humans. (LHR 2019)

'-._"-.}‘AI,!.I_ t arh s2kchromosomes? Discuss the chromosomal patterns of sex determination

n organisms. (Exercise Question xiii)
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22.10.1 Patterns of Sex Determination

22.10.1 a Sex Determination In Animals _ J¢ '

Variation and Genetics

There is a wide variety of sex determining mzcihanisms, nlit 't'h;‘a.é patte;"n."‘ dre‘miore corinon.
1)  XO-XX Type ' ERR '
Examples ' ' _

This pa‘te.'r..__o.'."_ ;;exi(jet'en-nir.ué'tirln i ro'Und.ir.1 grasshopper and Protenor bug.

Featiives 'of Male

b | Mate is XO because it has only one X chromosomes. The other sex chromosome is missing
entirely.
o Male is heterogametic because it forms two types of sperms; half the sperms have X

chromosome while the other half are without any sex chromosome. A gamete without
any sex chromosome is called nullo gamete.
Features of Female
o Female is XX because it has two X chromosomes.
o It is homogametic as it forms only one type of eggs. Every egg carries an X chromosome
Sex Determining Gamete

Sex of the offspring depends on the kind of sperm that fertilizes the egg.

o If an X-carrying sperm fertilizes the egg, an XX female offspring is produced.
o If the nullo sperm fertilizes the egg, an XO male offspring is produced.
o Sex ratio between male and female is 1:1.

P, Q XX . d xo

® X o

ul» ~ / \W,,." | ¢ )
. ’,/ ~ ?.\'-.\.:":j\,\ . ‘./ | ’
1 |V = Ber— ratip - b T As 1
=\ Tg 2200 '5ex 0.3i-_er[-;|.-:§on in grasshopper and Protenor bug

-

2 R X type,_

ol .
Jizxannples

This pattern of sex determination is found in Drosophila, man and many other organisms.
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Features of Male
. Male is XY. - o (
o Male being heterogametlc produr*nq two' tyopC o| ~e>< Jttemr!nm( -.gpéijr;:\C: Harr the

sperms carry X-chromosolne and 5 othier nal cal y Y chr mmfome

Features ofFJnche . Y4

o Female'i 1s XX % )

e T Inmule ve.r.g humogametlc produces only one type of eggs, each having an X-
AN | “chromosome.

Sex Determining Gamete

Sex of the offspring is determined by the type of sperm.

o If an X-carrying sperm fertilizes the egg, the zygote will be XX and a female offspring is
produced.
o If a Y-carrying sperm fertilizes the egg, the zygote will be XY and a male offspring will

be produced.

o Sex ratio between male and female offspring is 1:1.

P, QXX X O”XY

Gametes ® -i- £—®
S oo .

F)
v i [ .~ l. -
Sex - ratio 1 . '."-'-x, | T
Fig 22.21 Sex determmatlon in ”nan.ar'u A osr.pmlc ! '7}_} -
3)  ZZ-ZW Type =Y R\N IRARRRNE
Examples -._x. ..-I ”.\v‘. . .', I'._.". i .'._ 'll.'-‘_. 'l\._..:l....-'._ o -

-""\.

This typc of sn -c.ﬁtarmmauon :ouft\m +is common in birds, butterflies and moths.
- [ wds dhcm!elni Ly ‘Seifer in 1914 in moth.
NI Jtui '|h&véverse of XY-XX system,
L'eatures of Male
Male is homogametic (ZZ). All sperms are alike carrying a Z-chromosome.
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Features of Female

Female is heterogametic (ZW). Female produces two kinds of eggs iz

proportions.
Sex Determining Gamete

It is the kl""" of egg that dexﬂrmmfﬂs *ht e oF ofisprirac.

o When &7, cartying

and'\W ii-edual

209 15 fartiliz o h,/_.i e operm, a male offspring is produced.

o When a'W'Gartying cag is sertilized by the sperm, a female offspring is produced.

@ | Sk Ragidds .

P d'zz

Sperms (z

Gametes

F, 77

Sex - ratio 1

ZW
?
1

Fig 22.22 Sex determination in birds and butterflies.

COMPARISON OF CHROMOSOMAL DETERMINATION OF SEX BETWEEN
DROSOPHILA AND HUMANS

MAN
Female determining chromosome X X
Male determining chromosome Y Autosome
Sex determining system Sex chromosome (SRY X-chromosome

onY) autosome balance
Turner’s syndrome (XO) Sterile female Sterile male
Klinefelter’s syndrome (XXY) Sterile male Fertile female
’——!;:1;;('\ XX XX\ v
Drosophila Q L e '.,‘._-. N b

Humany . O

__a__.;af,f

T _'_.__,_ S R d_‘*l— .

Fig. 22.23 Comparls oy of; atX Je ter mihati¢n i man asd Drosor hila

In drodoshila, an Y A iatio, 01'~;l T}O\or higher produces female whereas an X: A ratio of

0 5or lqwen, pi(}.dUI‘ES mc|e

IDUESTIONS RELATED TO ABOVE ARTICLE

Lo.r pare chromosomal determination of sex in Drosophila and human.
Explain different patterns of sex determination in animals.

Explain XO-XX and ZZ-ZW types of sex determination.
Discuss pattern of sex — determination is animals?

(SGD 2022)
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Aa ana
Male x Female
J
Gametes
- v
a \IF:.!JIU
—
N b 4 E
- a
q‘). ] Male

| ollens- /

aa
Female

Fig. 22.24 Pollens determine Sex

22.10. 1 b Sex Determination In Plants

Sex Determination in Plants
Most of the plants are monoecious but some are dioecious (having plants of separate sexes) e.g.
Ginkgo.
In it, male plant produces flowers with only stamens and female plants produce flowers
with only carpels.

Mechanism of Sex Determination

o Some dioecious plants have a difference of sex chromosomes between the sexes. These
have an X-Y system. These plants typically exhibit an X chromosome-autosome balance
system for sex determination.

o Many other sex determining mechanism are also seen in dioecious plants.

Work of Correns
Correns (1907) discovered that pollens of certain plants were sex-determining. All eggs
are of one type. Pollens of the two types are produced in equal number. One kind of
pollen after fertilizing the egg produces male plant whereas the other kind of pollen after
fertilization produces female plant.
Yeast and other eukaryotic microorganisms do not have sex chromosome. These depend
on genic system for determination of sex. In this system the sexes are specified by simsic

allelic differences at a small number of gene loci e.g. a and o.are ¢ f‘\h_ matmc tyms'

(sexes) of yeast, controlled by MAT a and NilAT o allales+espectivaly/ -
QUESTIONS RELATEDEOLABOY MR T AL E] ey
What is crossing over? Difine recorakiinaiion freguensy ‘ar'd =xplum its significance.
Explain.sexdeterminazion inplants.\ | 0
Describhe'tnelr roress Of SEX dt snhq natien-in plants and yeast.
(RWP 2019, SGD 2021)

mm 22 11 SEX LINKAGE
.l!“!ﬂt

‘Thomas Hunt Morgan (1910) provided experimental evidence in support of chromosomal
theory of heredity through discovery of sex linkage in fruitfly Drosophila.

Reasons for Selection of Drosophila
Drosophila is a very useful organism for genetic studies for many reasons.
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i)

Easy collection & culturing ;
The tiny fly is found hovering around rotten fruits. It can be easily collestet-and cutiisind, |
on mashed bananas and other fruits. It does not need laroe:spacious: ,uqea and_lives
happily in ordinary glass bottle of |ams ani mar. Fiald de° It eats' yiastithat & JOWS on
mashed banana. \ \

Sexual dimorphism

Male ard | female-Prosophi la/stow! sa(ua. dnnu.pnlsm i.e. these are morphologically
distinct:#om ¢echiGther. _

Male is smialler in 5ize Wwith biack rounded abdomen male has sex combs on front legs.

I -emale iz lerger with pointed abdomen.

o Tort generation time

It has generation time of just two weeks. It lays a large number of eggs, which hatch out
into fertile offspring. Many generations can be raised in a relatively short time.

Excellent for genetic studies

It is perfectly suited for genetic studies.

It shows a large number of distinct contrasting traits. Morgan and his colleagues studied
pattern of inheritance of more than about 85 traits of drosophila.

Its larvae are excellent material for dissection for chromosome study.

It has only eight chromosomes. Salivary gland cells have giant chromosomes in their
nuclei. These have banding pattern corresponding to genes.

Part of human genome project

The entire genome of Drosophila has been successfully sequenced as part of human genome
project.

Morgan’s Experiments & Crosses

Step 1 I‘.crmal "lms

Morgan raised cultures of Drosophila flies to study different traits, such as colour of the
eye. Normal fruit flies, the wild type, have bright red eyes. One of his coworkers Calvin
Bridges, observed an unusual white eye mutant male fly.

Sex comb

Red ye fe ne o ;
- . ! L Wmt? eve” :hale
ARSI Fig. 45 W i ty red eyed female and mutant
| § Jvh te’ cyed male Drosophila.

'w.o (e ~ated white eyed male with a wild type red eyed female. All 1237 offspring of
this cross had red eyes.
Morgan concluded that red eye is dominant trait.

Step 2 Normal Cross

Morgan allowed males and females of F; generation to mate and produce F, generation. He
counted 2459 red-eyed females, 1011 red-eyed males and 782 white eye males among F».
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Observations

i)

i)

i)

Different observations got by this cross were; ¢

Offspring produced due to this cross were, ed- eyed fermgies, *ed >'/e1 *na. =s And-wihite-
eyed males. . . \ -

The proportion of 3470 e fyed tL 762 Wi te ved flies d|d Pot perfectly fit into
Mendeliah3: 1 zatio.” ~ : A

The numb 20 0f rec,essn e ohev.nype |nd|V|duaIs was too small.

m tI e w h| ¢ e 1 f1ies were only males. There was no white eye female in F;,

™ om Ius ofes

The inheritance of eye color somehow seemed to be related to the sex of offspring.
Morgan proposed that

The gene for eye color is located on X-chromosome.

The alleles for eye color are present only on X-chromosome. There is no corresponding
allele for this trait on Y-chromosome.

Single recessive allele on X-chromosome can express itself in males because Y-
chromosome is empty for that gene. Males are hemizygous as they carry just one allele
on their only X- chromosome. Females have two X-chromosomes, each carrying an allele
of the trait. Females can be homozygous or heterozygous.

Symbol ‘w’ represents recessive allele for white eye and ‘w"” designates its wild type
allele for red eye.

Now we can relate these crosses with genotype.

The genotype of the parents of P, cross were XV*X"* for red eye female and X Y for
white eye male.

First Step Cross :
P Red eyed female X White eyed male
) S5 O /{ ) 4 /\
Gametes  100% ()() Xm 50% \X J 30((/\ )
- _,- L
eggs = Swums [ { O —
_:i | = f‘x \\ '
\J | |
XK XX
F Red eyed female Red eyed male
90% 30%
Fig. 22.26 (a)
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Second Step Cross : - y 1 -
F.x P Red eyed female X Rod eyed i, | [T La i
X x ] - £ " .'-\.I | -'.-. } -
Gametes 500 x sofr (X7 "'_ josd (1X ) osil ¥ ) b L
'E“R.!i _.-"--_ % 'ﬁb-'-'rn.'als 3! '
h 1™, \ 1
) s | O By S T T 1
e ,Iu [ [} b XX XK oK :
) J Y b e F. Redeyed Red eyed Red eyed White eyed
| [ ™ - female female male male
" 2459 101 782
Fig. 22.26 (b)

Step 3 Test Cross
Morgan wanted to test his hypothesis.
He crossed the P; white eyed male (X"Y) with one of
heterozygous female from F; generation).

Out of total offspring of this cross, half female offspring

its own daughters (the red-eyed

had red eyes and half had white.

Similarly, half the males had red eyes and half had white.

Red eyed female of F X

XX
"® o @

Eggs

Gametes

Offspring of test cross

)

Step 4 Reciproc

c.Lross/ Co ..."mamr\ 'IPs. ) Vo

White eyed male of P,

X"y
S50% @ SI'J‘%@

Sperms

Appeari uil t o“F 'vt l'[L-‘ eyed emq bhﬁ ided an opportunlty for a further confirmatory test.

. I‘mj( an matﬂd & v\hhe eyed female with a red-eyed male. All female offspring had red

J I N\ P J A “0' Jres” and aII male offspring had white eyes.

'\..\'. L'
W

When F; red-eyed females and white-eyed males were mated to produce F,, then half of

the F, females had red eyes and half white eyes. Similarly, half of the F, males had red

eyes and half white. This F; x F; cross was exactly like step 3 test cross.
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P, White eyed female X Red eyed male
X" X )
¢ v e [
100% @ =\ x" xS0 ”\D .-50-/0_(3 . |

- Eggs ™ .| \ .;_ \ L Spesns 4
F, X"X" XY
Red eyed female White eyed male
Fig. 22.26 (d)

Different Traits of Organisms
1) X-Linked Trait
Definition
A trait whose gene is present on X-chromosome is called X-linked trait.
Features

o X-linked traits are commonly referred as sex-linked traits.

o A gene present only on X-chromosome, having no counterpart on Y-chromosome, is
called X-linked gene.

o An X-linked trait passes in crisscross fashion from maternal grandfather (P;) through his
daughter (F,) to the grandson (F,).

o It never passes direct from father to son because a son inherits only Y-chromosome from
father.

2) Y-Linked Trait

Definition

Y-chromosome is not only completely inert. It does not carry a few genes which have no
counterpart on X-chromosome. Such genes are called Y-linked genes and their traits are
called Y-linked trait.

Features

o Such genes which are present only on Y-chromosome are called Y-linked genes.

o Example is SRY gene on Y-chromosome of man that determinec- *Jna]el'lwr S LA

. Y-linked traits are found only in males Bt Yy [ —

o These traits directly pass thipugh -4 hrcs.uusome from, tather, '[L sGn ,)nly As females do
not normally inherit Y- chrumacor |e sy ‘h trc It‘ Lal ”fot VoSS tothen./

3) X- andf Yj-l-inked- wau‘ VAL

Definition | WAL "-x \ :
Such;a irarl wh( sel g=nes aie Tocated both on X and Y chromosomes is called X- and Y-

- | m al] "',p. ”

|| :..rt',”"‘c by

kS Such genes which are located both on X and Y chromosomes are called X- and Y-linked
genes or pseudoautosomal genes.

o Their pattern of inheritance is like autosomal genes.

o Example is bobbed genes as in drosophila.
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QUESTIONS RELATED TO ABOVE ARTICLE
Explain sex linkage in drosophila with crosses. . -
Discuss sex-linkage in humans with one example. SN T R 2055
Define sex linkage. Discuss X-linked don'inantinne’ “itarice in nuimarts.” ADGK 2019)
What is X-linked recessive inherriznce? Exgplair iy with anexamip|e. (LHR 2021)
What is sex-linkage? Fxpiain T, ﬂ Nnrgal s\ stuay-er sex- Ilnkagc in Drosophila.
(Exercise Question xvi)
Compare Lat err of it e eritariceor an X Imked dominant trait with an X-linked
reoe:s sivk traitiih huksans. (Exercise Question xvii)

ﬂ!h X L@katcin Humans

N

Different sex-linked traits in humans are described here briefly. Mode of inheritance of

human traits can be traced through pedigree. Many X-linked traits in man are
1) X-LINKED TRAITS o . also found X-linked in other
The pattern of X-linked traits is further divided | 1 ammals like mouse, rabbit, dog,
into sheep, horse, donkey, cattle,
A)  X-linked recessive trait kangaroo and chimpanzee. Was
B) X-linked dominant trait the mammalian X-chromosome
A) X-Linked Recessive Trait conserved throughout mammalian
Definition evolution?
Such a trait that is determined by an X-linked
recessive gene is called X-linked recessive trait.
Examples
Q) Haemophilia
(i) Colour blindness
(iii)  Testicular feminization syndrome
Q) HAEMOPHILIA
Definition
It is a hereditary disease in which patient’s blood fails to clot properly after an injury.
It is a rare X-linked recessive trait.
Cause
Effect: — 4 |
It results due to either reduction or malfunctlon or complete ahselicy: m‘ L)Iuod clotm‘n.'
factors. ) AR N =
It is a serious hereditary d-°ease 1eg,au=0 & hg._en'-;ophl!i-._: iney Qléed .to dea’th even from
minor cuts._ ) AW~ L)
Types . -
Itis off‘..mtlpe< 12 A BaﬂG L\
1. Haemophitia A and, B ¢ non-allelic recessive sex-linked, but hemophilia C is an
Twdutosomel 1ecedsive trait.
\ J'I".__-]! | “8)%% haemophilics suffer from haemophilia A due to abnormality of factor VIII, about
| 20% suffer from hemophilia B due to disturbance in factor 1X but less than 1% suffer
from hemophilia C due to reduction in factor XI.
3. Haemophilia A and B affect men more than women (being X-linked) but hemopbhilia C

affects both the sexes equally (being autosomal).
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! \ S ™ | “Mamigge-iine
. I AT [ ’\— . 841I0e 1 Parents
\ | | ]
. ' | (Mother) X"x" XY(Father)
RYRAY 1 AN T Marriage line _ Sibship line
' I F—}—% E] Children
1 2 3
(Daughter’s husband) (Carrier daughter) (Son)
xy
L. CB é ﬁ i Grandchildren
1 2 3 4
Xt xEE xy o xy o K
Grand  Grand Grand  Grand DNM male ! Affected male
daughter daughte: - 5
weer Gmgiier - son s (™) Normal female (%) Carrier female
Fig. 22.27 Transmission of X-linked recessive
trait (haemophilia) in humans.
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Haemophilia A and B zigzag from maternal grandfather through a.ce .ne: daur*ﬁrr il

grandson. It never passes direct from father to son. B g |

Gene for normal is ‘H’ and for hemenhilia'd s b, | = 5 0 1L &)

A woman can suffer frorihemophi lla Aor\B oniy when ishe s romozygous for the
recesswe allele but a man v, /|tn jUSL Y N rex essive aitele will show tihe-trait.

Activity
Cases of Haemophilia A are reported in [ o~ e
Queen Victoria’s family. Pedigree of Queen QumVent | : —
V@ctor@a’s family (fig_ure) indicates the Queen | ., @m0 O E‘] > 0
Victoria was a carrier mother, because she e gt Poms 44
gave birth to an affected son Prince Leopold. | ,, ol e o 0
Prince Leopold passed on this recessive X — Dbt | Aar
linked trait in typical zigzag fashion through | ., " :_.
his carrier daughter (Il — 1) to his grandson | om..m..‘”[: ——— o
Rupert (IV — 1). Assign genotype to each = LA
individual. Can you explain how Alexis (IV — |Fig. 22.28 Pedigree of Quesii Victoria s By, !
3) became haemophiliac? showina czses °|_Hat'p ,_ph_m_'a ’_A ]

Genotypes of the Individuals

-11\ )(H)(_:P\_.-I ..I__ _ 'l_l'u

1 oy L . ¥
\ e
| k' =

0] Queen Victoria, carrier (I - IRIR R {
(i) Herson, Prince Leopold (I —2) K'Y\ | | | |\ o -
(iii) Daugh*er ICf Rrivee Lesplop! 0?§r|¥e¢\(lhl LxEXn

(iv)  His grajdicn ?Jpar (V- 1)_affeciea Xy

rinde A‘«Ie"ns als ‘0 Jnmflted the X" chromosome from Queen Victoria through her carrier
J ||||a. adraiher Princess Alice and his carrier mother

Prm ~ete Aiex.

\I) Genotype of her grandmother (11 —6) XHX"
(i)  Genotype of her mother (111 —4) X"X"
(iii)  Genotype of Prince Alexis (IV — 3) X"Y
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(i) COLOUR BLINDNESS
Definition -

It is a hereditary disease in which person cannot differentipte .ﬁ,*w 2€N Jlfrcrnnr COIGLE:
Genetics )
Normal trichromatic colou? visisii i La>err an rrree ( ifie. ert iirids ol cone cells in retina.
Each cziyi3 Sansifive0 of I ofe of the. 1hrca arimary ‘colours i.e. red, green or blue.
Each type if"('ne celi, has'|snesific-iignt absorbing proteins called opsins. The genes for
rzd iahd qroen )psns ae on X chromosome while the gene for blue opsin is present on
[N “k ¢ 0 X E: I

Mutations in opsin genes cause three types of colour-blindness.
a) Dichromacy
A dichromate can perceive two primary colours but is unable to perceive the one whose
opsins are missing due to mutation.
Q) Protanopia is red blindness.
(i) Deuteranopia is green blindness.
(iii)  Tritanopia is blue blindness.
b) Anomaly
Some people can detect red and green but with altered perception of the relative shades of
these colours. They have abnormal but still partially functional opsins.
o Protanomalous and deuteranomalous for red and green weakness respectively.
c) Monochromacy
A monochromat can perceive only one colour. Monochromacy is true colour-blindness.
Red-Green Colour-Blindness

Blue cone monochromacy is an X-linked recessive trait in which both red and green cone
cells are absent. That is why it is also called red-green colour-blindness.
It is a common hereditary disease. It also zigzags from maternal grandfather through_.a

carrier daughter to grand son. It is more common in men than wormr nnca rse rra. c=s-

for a male to be affected by it are much more.than a f_emale - .' Ry
(i)  TESTICULAR FEMINIZATION- SYNDRO" A [N B g

It is a rare X-linked recess|ve, trait, &ii h»)ur‘“ the pr r<ons af fected b/ this trart have a male
set of XY ehromosome, vet tfin Jene on their X chrﬁ.osome deveiops them physically
into fémaies, ¢ .ﬁpv Ve br feinale gemtalra a blind vagina but no uterus.
Degenelatad tadtes gre a S0, pres Em in abdomen. Such individuals are happily married as
_ femd/e but'are atnrrle )
FAYAY I'- Aty An-andiogen msensmvity syndrome. Male sex hormone testosterone has no effect on
SN e
Activity
A sex-linked recessive allele “c” produces red — blindness. Its normal dominant allele is
“C”. A normal woman whose father was red-blind marries a red-blind man. What

proportion of their children can have normal colour vision?
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Solution
Genotypes P
Mother: As the father of the woman was-cplour _blixnded',' s"c.:éhe mu° Cartteiti
genotype X°X. . i - ' a
Father: As the father is affe ctod 5 qe i )t) pe wi |l bn )(°
Cross f-on Iusm“ ) - .,
| "X"‘x-? T XY

N I Gambes ™ x© X X° Y

Progeny XEX© XEXE XY XY
Normal Affected Normal Affected

Conclusion

The cross shows that 50% of the children will have normal color vision, while 50% will be
color blind.

B) X-Linked Dominant Inheritance

Definition
Such a trait that is determined by X-linked dominant gene is called X-linked dominant
trait.

Genetics
Its pattern of X-linked dominant inheritance is different from X-linked recessive. It is
more common in females than males.
All daughters of an affected father, but none of his sons are affected. Any heterozygous
affected mother will pass the trait equally to half of her sons and half of her daughters.

oy D\ h nCom [ (el
A= =vaaninsninn=ing;
- I'. .'l .'. I'. 1 LY kS .-I i - ", ...-.- ™ ) i
T~ _ N\ & S L ™ B
DAY ety - AN
-._w_;(d'. (- ]I R Xy
- .- ".. -J I"__ II .
J W KEY :
[ M) Gene for normal =d
‘ : Gene for
Hypophosphatemic = D
x*x‘ x"x X"y X'y rickets
Fig 22.29 Transmission of X-linked dominant trait in humans.
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Example

Hypophosphatemic rickets is an example of X-linked dominant trait, it does notrest ™S

from vitamin D deficiency (as in dletary rlr‘"ets) but its Caus?) 15 nenetlc wm muniegiien

failure at molecular level. v A\ ! S
2) YLINKEDTRAIT ' = o~ R A |
Genetics -~ \ — A\ VLW

It passes-tarcughe (h ‘oInosyime ﬂnr1 Tatner to son only. Such traits cannot pass to
dauahte's D(‘CcLSE they, Un-nuC inherit Y chromosome. All sons of an affected father are
‘|‘ﬁ acied ny'Y-Lnred trait.

—0

‘s
. o

XX

i Male (affected)
Fig 22.30 Y-linked inheritance in man.

Example
Maleness is a Y-linked trait. ‘SRY’ gene on Y chromosome determines maleness in man.
It is male sex switch which triggers developmental process towards maleness after 6
weeks of pregnancy.
3) SEX LIMITED TRAIT
Definition
A sex-limited trait is limited to only one sex due to anatomical differences.
Genetics -~
Such trait affects a structure or function of the body present in inv ‘.w!e' o un' y fernaL.,k \

These traits may be controlled by SF\-V-|Ink67| Lr 9"t0>0 nal JE"’]e-» o Y -_,. A
Example -~ ._.-_ Fgn TR T T | -
. Genes for miilk y|eId in-2aify \'.-n[t'-'e effeg tsxor,.ly WS~ '
J Beard ‘"ﬁwtr* in numum I ‘|nr:~:reﬁ\p Inér-A woman does not grow a beard herself, but

she can ba¢ the, gtn s | ,pﬁc fliiig heavy beard growth to her sons.
4) - SEX IN| L‘ ‘E NS D TRAIT

K\ ﬂ‘lm*‘l'c‘n*

Sex influenced trait occurs in both males and females, but it is more common in one sex.

Genetics
It is controlled by an allele that is expressed as dominant in one sex but recessive in the

other. This difference in expression is due to hormonal difference between the sexes.
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Example

Pattern baldness is an example of sex influenced trait in humans I\/|9I”y maore me i
women are bald.

It is inherited as an autosomal dorriir: ant trc |t r n'aﬁns tut as, al} a ltocor*al recessive tralt
in females. : - '

A heterazignus male-is-heldnit & heterazygous fainale is not A woman can be bald
only wriza she 1s ktmoz /g s fecess! Ve,

Activity:

Man

Wife

Aan ie 45 y.ea."a old and bald. His wife also has pattern baldness. What is the risk that
ttleir'son will lose his hair?

Solution

Genotypes

Baldness is dominant in man. So, a man can be homozygous and heterozygous bald BB
or Bb.

Baldness is recessive in women. So, a bald wife must be homozygous recessive bb.

1. In case of homozygous dominant man.
Man X Women
BB bb
Gametes B b
Offsprings Bb
Conclusion
In this case, genotypically all the offsprings will be heterozygous. Thus, all the boys will
be affected by baldness, while all the girls will be normal.
2. In case of heterozygous male
Man x Women — 1Ay (O
Gametess B b _ 'y ( 'b'_-
Offsprifigs, | _—Bb" | “ % \bpt .
Conclusion 4 10 (VL x\

In this case, 5(, b Gﬂ'pn.*ll'lg WI|| be heterozygous dominant and 50% will be recessive. Bb

" hieys wiliuhd said, but Bb girls will be normal. While bb boys will be normal, but bb girls

will'be bald. Thus, both boys and girls will be 50% bald and 50% normal.
QUESTIONS RELATED TO ABOVE ARTICLE
Discuss sex linkage in humans with one example.
Describe the genetics of color-blindness in humans. (SWL 2019, DGK 2019)
Discuss the genetics of colour-blindness or haemophilia. (Exercise Question xix)
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22.12 DIABETES MELLITUS AND ITS GENETIC BASIS o

Introduction ;
Diabetes mellitus is a hereditary disease. ' _
It is actually a heterogenecius|group-af disordersiwaich ate characterizid by elevated blood
sugar level -Diabetics are_uriable trl meta)ollzu blcnasugarin their buuy They pass glucose
in their urire.

Complications _
Picoetesiisitie’ leading cause of kidney failure, adult blindness, lower limb amputation
&d heart diseases.

Types
There are two major types of diabetes

A) Type | (IDDM)

B) Type 11 (NIDDM)

A) Type |

Introduction

o It is also called insulin dependent diabetes mellitus (IDDM).

o It is also called Juvenile diabetes because it usually occurs in early age before 40.

o It arises due to deficiency of pancreatic hormone insulin that normally routes blood
glucose to cells for use.

Mechanism

It is an autoimmune disorder. The immune system backfires and manufactures auto
antibodies against body’s own cells. Sometimes, specific viral infections activate
autoimmune response. T-cells of immune system attack pancreas and destroy insulin
producing p-cells.
Treatment
Diabetics of type | must receive exogenous (from outside source) msl"'r tn surwv“
Genetics Y L “ | AN
The insulin gene is located-gn shurt arm-ef ¢, or%sme '1 F'lern( rprs.am and genetic
varlatlons within this_locts) cre nesnn |b!e vor :jlabefcd 1ype L susceptibility. It is

recesswe, single qpne t'alf |t '9 mu*t.fartuual inheritance is associated with several

alleles.
B) \,HE Il
g t ()Chlr tisn
o It is also called non-insulin dependent diabetes mellitus (NIDDM).
o It accounts for 90% of all diabetic patients.
o It occurs among people over the age of 40 and is more common among obese.
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Mechanism
These persons produce some endogenous  ACAN 2Ll
insulin themselves, but their body cells L BLOUD PRIESSIHRE

gradually fail to respond to irsulin and | (Bipofl \presiuie \ist, also “anexample of
) o A 'multivacipriar, traiy, There is a correlation
cannot take up glucose fiorn LIpQd., Thizy, |\ etvicen tystoiic and diastolic blood pressure of

develc) @ tor't of iiselin resistance. | | "+ tparents and their children. This correlation is

=310 b | T partly due to genes common in them. Blood

Obesity INCiees?s | npumn resistince pressure is also influenced by environmental
Treatmsnt Wy : factors such as diet. stress and tension.

A exeicise reduces obesity, it indirectly increases insulin sensitivity and improves
glucose tolerance.
MODY
About 2-5% of type Il diabetics get the disease early in life before 25 years of age. It is
called maturity onset diabetes of the young (MODY).
Genetics
MODY can be inherited as an autosomal dominant trait.

Cause

o About 50% of cases of MODY are caused by mutations in glucokinase gene. Glucokinase
enzyme usually converts glucose to glucose—6—phosphate in pancreas.

o MODY can also be caused by mutations in any of the four other genes which encode

transcription factors involved in pancreatic development and insulin regulation. But these
four MODY genes do not play any significant role in adult onset type II.
Explain diabetes mellitus and its genetic basis.

(Exercise Question xviii, GRW 2021, FSD 2019)
Explain in detail diabetes mellitus and its types. (LHR 2017, 2021)

2 1w J I
— = L N |

-

= 1 v | 1
b - 3 ! | .." 5 .I .-
1 A | — ' L i
DA Y Lo
L 1 L1 |1 i} h :
1 i \
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KEY POINTS
= -

Gene . I

The smallest part of DNA with specific bade dequencey !hICi“. CUritrG! speCific, cibracier is
called gene. ' '
Alleles
Partners of a gene pairiarg dalled aneles.
Phesctyyia B '
ThgTorm 6f appearance of a trait is called phenotype.
Genotype
The genetic complement of an individual is called genotype.
Clotting factors in haemophilia
13 factors are involved in the clotting of blood. Different factor are missing in different
types of haemophilia. These factors are labeled as. Factor 1, IV and VIII etc.
Back cross
The cross of an individual to any of the parent is called back cross.
Punnett Square
It is a square diagram that used to predict the genotype of a particular cross or breeding
experiment, to determine the probability of an offspring having a particular genotype.
Polymorphism
A discontinous genetic variation resulting in the occurrence of several different forms or
types of individuals among the members of single species. A polymorphism is a DNA
sequence variation that is common in population.
Multifactorial K \
Involving a number of factors especially geiietic or eryi; u;-|"me'ri'.ia_I"fs_'ct'lar._é. ] i\
Agglutination | Wy Y
Is the cluniping of barticies) The prccess iraehieh HDJdII[igen is mixed with its

RS

correspin 1'1ng' entibody.|
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EXERCISE .

Q1

Fill in the blanks.

)] is the basic unit, ot
biological information. '

i) A sudden zitange in the-ctructyre ofia |

gene is-caliea

iii) i§ the chah‘c of an

evah] to betur.

i | A Closg "among monohybrids is a

' Cross.

V) An individual with a homozygous
genotype is called

vi) Different alleles of a gene that are
both expressed in a heterozygote are
called

vii)  When a heterozygote exceeds the
phenotypic expression of both the
homozygotes, the phenomenon is
called

viii)  When a single gene affects two or
more traits, the phenomenon is called

iX) A gene with multiple phenotypic
effects is called

X) The phenomenon of staying together
of all the genes of a chromosome is

called :
Xi) minimizes the
chances of genetic recombination.
Xii) is an exchange of
segments between non-sister
chromatids of homolognUs

chromosomes during meicsis

xiii)  All chroriosomes. other \than /sex |

chroméasmes, T are, | feal

xivi- [ ] L)) ) isT the maleness
('J eriining gene in man.
diabetes

mellitus is non-insulin dependent.

_xvi)  Polyaeriic inheritance e
envircnrnenta! infiuence-' 1S called
irnheritance.

. JAnNS
~1) Geneii) Mutation

iii) Probability

iv) Monohybrid

v) Homozygote

vi) Codominant

vii) Overdominance

viii) Pleiotropy

iX) Pleiotropic

X) Gene linkage

xi) Crossing over

xii) Crossing over

xiii) Autosomes

Xiv) SRY

xv) 1l

xvi) Multifactorial

Q2 Write whether the statement is
true or false and write the correct
statement if false.

i) In grasshopper, the male has XY and
the female has XX types of sex
chromosomes. (False)
In drosophila, the male has XY and
the female has XX types of sex

-"

chromosomes. — A

ii) Pea is normall, d_seif fer Ta.yhg" A
1\ plah* - W ' th:}:
Wi 'Dih /b |cs ace oi‘cn'mg of the

Larﬂnts wha dirfer in one contrasting

_sar of trait. (False)
Dihybrids are offspring of the
parents who differ in two contrasting
pair of trait.

iv) X-linked traits pass direct from
father to son. (False)
Y-linked traits pass direct from
father to son
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v)

Vi)

vii)

Vird)

i)

A person suffering from blue cone
monochromacy cannot see blue
colour. (False)
A person suffering from blue ccive
monochromacy can see bliie solovr;

In birds e“.c‘

A homoz;gotv fornis all gamftes of
tie sime ty0=_ (True)

712 aldleTor a sex limited trait is
dominant in one sex but recessive in
the other. (False)
The allele for a sex influenced trait is
dominant in one sex but recessive in
the other.

Pattern baldness is a sex influenced
trait. (True)
Carriers of haemophilia show no
symptoms of the disease. (True)

Encircle the correct answer from
the multiple choices.

When a single gene has multiple
phenotypic effects, the
phenomenon is called:

(a) Codominance

(b) Epistasis

(c) Pleiotropy

(d) Sex-linkage

What happens when both alleles of a
gene pair independently express in a
heterozygote?

(a) Dominance

(b) Incomplete dominance

(c) Over dominance
(d) Codominance

A heterozygote
quantitatively

o'ffsp Firg

homozygote pore ms dup 10
(@) Pommar ce, !

._(It‘) Incornpigte ju.nmance

(()*“vei dominance

(d) Codominance

How many gene pairs contribute
to the wheat grain colour?

(@) One (b) Two

(c) Three (d) Four

moths egas determire |
sex. Lo . (Trus),

exceeds |/ jthe ||
phenofypi: exgression, of bofb‘iQ

vii)

viii)

xii)

Who for the first time found white
eye mutant in Drosgpiiila?

(a) Morgar— (D) Bricyes
fe) iCorrens s, () De Marian
. Whiclh, )f the fOIlquII’lg trait is

fransmiittes  (d rectly from an
affected father to only his sons?

(a) Autosomal (b) X-linked

(c) Y-linked (d) X and Y linked
Which phenomenon reduces the
chances of genetic recombination
and variations among off springs?
(a) Linkage

(b) Crossing over

(c) Independent assortment

(d) Dominance

Which of the following traits is not
sex-linked recessive?

(a) Haemophilia

(b) Colour blindness

(c) Hypophosphatemic ricket

(d) tfm syndrome

Which of these traits zigzags from
maternal grandfather through a
carrier daughter to a grandson?

(a) Autosomal

(b) X-linked

(c) Y-linked

(d) X and Y linked

When a haemophilic carrier
woman marries a normal man,
who among her offspring may be
affected?

(a) All her children

(b) All her daughters

(c) Half of her daLg'“unus [ A
() H4lF of her's ons|” —

Whiat'is! thie wishkl oi-& colour-blind
¢hild i
__<otour-blind but father is normal?

in a-farnily when mother is

(a) 100% (b) 75%
(c) 50% (d) 25%
What is the risk of a colour-blind
child in a family when father is

colour-blind  but mother is
normal?

(a) zero% (b) 25%

(c) 50% (d) 100%
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i B vi -
i [N vii BN i EY

ii \ viii B

Q4 Short T}uesti')' IS.
i) Differentlafe DRtvresn
Ans:
1 'N =) [T Genotype
J. J AN ‘Jhy3|cal Genetic  make-up

trait

is

ix |

appearance of a

called

phenotype.

of a trait is called
genotype.

When

both

alleles of a gene
pair are similar,
then it is called
homozygous.

When both alleles
of a gene pair are
different, then it is
called
heterozygous.

Homozygous Heterozygous |

E.Q.

XX in

human females.

E.g. XY in human
males.

that

called

do not

specify sex are

autosomes.

Autosome | Sex chromosome

Chromosomes

Chromosomes that
determine sex are
called sex
chromosomes.

e.g. 22 pairs of
autosomes  in
human.

e.g. 2 pairs of sex
chromosomes.

are
alleles_
E.g.

A e
irait.

rcalled

A

l‘R‘v/(

round cr yellc,\/v
send

coior

Allele  Multiple Allele

Alternate forms
of a gene pair

Alleles _that (“aie
more than huscin

numsar' ang' ral.eo.
i 'TIUIL il allzles:

L €0. AE‘O sya[em
l/— |3’ I

Incomplete

dominance _.
Such_-daiiiparnice |
ah) which

phenctype of

heterozygote |_1s

Codominance
Sdch, | L
asimience” in
which

phenotype  of

intermediate heterozygote
between two | shows effects
homozygotes. of both alleles

IS called

codominance.
E.g. Pink color | e.g. MN blood
flower in 4’0 | group system
clock.

Continuous

Discontinuous

variation

variation

Such variations | Such variations
which do not | which show
show clear | clear
differences and | differences are
are related | called

closely are called | discontinuous
continuous variations.
variations.

e.g. height, | E.g. tongue
weight, skin color | rollers.

etc.

Gene Allele

Gene is basic unit | Partners of a
of biological | gene pair are
information. Part | called alleles..
of DMA

comprising . | (f |

“shecific, seguende | i

ol |\ rucleotides

“enecific for ‘cach

trait.

E.g. Gene for|e.g. RRYY

round seed shape.
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Sex limited trait

Sex influenced trait

242

Offspring of the | Offspring of the A trait that is | A -rait, thaio/ /5
parents who | parents who limited to only ene.| donirant lin arie sax|
differ in one | differ in two hex e to ["and Fesessive T in
contrasting pair | contrasting  peir | anatémicel | Other IS sex
of trait is called | of trait: i falies ‘_d;fferen_ce:‘ 16 Sex [influenced trait.
monotiydiidy  _ -divoric, ¢ A [ 7 dimited trait.
e.g. Rgurd and(|=2.g. \Round ~and.— | e.g. Milk production | e.g. Male pattern
yellow, teeit' in ' yelwov, wiinkled in COws. baldness.
paa plant. “and green in pea : : : :
; N : plant. Domanttralt Receswe tralt
J. A trait thr_ﬂ appears | A trait that s
Physiological When an affect In _Fl IS called maslfed . by
effecct of an | caused by a gene dominant trait. dominant in F1 an_d
allele over its | or gene pair at réappears in F2_ IS
partner allele on | one locus caI_Ied recessive
same gene locus | interferes with or rait.
IS called | hides the effect Wild type Mutant |
dominance. caused by Normal form of a | Such type which has
another gene or species is called | been produced due
gene  pair at wild type. to any mutation is
another locus, it called mutant type.
is  called e.g. Red eye female | e.g. White eye male
epistasis. Drosophila. Drosophila.
eg. Complete | eg. Bombay i) What is a gene pool?
dominance phenotype. Ans: All the genes alleles of a trait in a
(round and breeding population collectively constitute
wrinkled  seed gene pool.
Cross). iii) Was pea a lucky choice for
Incomplete Mendel? What would have
dominance (4’0 happened if he had studied an
clock flower eight character?
plant). Ans: Pea was used as exnerimental i
oSp Y-linked Trait | otherll_ ir_1v_fs_t_iguu;,rc-_.ai-._so'__"_pe'to.fe:'
Such a trait|Such a trait Mefrcel, K, Menqelowtigyh—ave
whose genes are | whose-gznes are! \ bticiedt n\etghtfchaesaCter, then he
present only on | present, ¢nly 7dn wollid harl-Taifeq to develop law of
X Ch?U?ibEQme,l v _ciwr"m':os{\rn{é L __!:ruepenc_ient assortment. _
is  cared |\ Xoqis |\ calied ™ Yol ~iv)  What is test cross? Why did
linked frait, |\ | finked trait Mendel devise this cross? _
 ~eq | Gene _i_o?'-_elgm Ans: The cross which is used_to_dgtermln_e
e D eroBhiira, beard growth. the genotype of an |nd|V|_duaI is
. J [ called test cross. Mendel devised test
cross to test the genotype of an
individual showing a dominant
phenotype.
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V) What would happen if alleles of a
pair do not segregate at meiosis?
How would it affect the purity of
gametes? :
Ans: If segregation does not qsaur, then
chromosome number will re 1f"e(‘ud

in next-generation-2ie tGahsencs of |
segregakicrl. ariations \wWili rct_oe-

present., % %N

vi) -~ 1% 1he | élieles—do not assort

TN irdepenaently, which type of

| WY < combination is missing in the
progeny?

Ans: Recombinant types will be missing

and only parental combinations will be

present.

vi) Why has each gamete equal
chance of getting one or the other
allele of a pair?

Ans: Because of independent assortment.

viii) Does the dominant allele modify
the determinative nature of its
recessive partner? What sort of
relationship do they have?

Ans: Yes, they have physiological relation

of dominance.

iX) Which type of traits can assort
independently?

Ans: Such traits whose alleles are riding
on non-homologous chromosomes.
For example seed color and shape in
pea plant.

X) Why does the blood group
phenotype of a person remain
constant throughout life?

Ans: Due to their predetermined genetic
relation. ABO blood greaf, systeat,
has four different phenotypes which |
are digtinct irer-gach- other nnwth |

basis 1 \sper I.fl(. ‘ant igens! on

surface of RB( 's. These amtigens are
Lgreoded byl singre polymorphlc gene
_ JI MY ? ¢ chromosome 9. Once these
(' T antigens start expressing during early
life of an individual, they will
express throughout a life without any
change.

| i What@sMODYg | e
_ Ars:| About'2%6 | 5% of type 11 diabetics

xi)  What is universal blood donor?

Ans: Phenotype O can h&used as-undor:
for small &ransiugions’ to, A} 'B_srid
AB|  recipientt | Uedause “donor’s
aniinodlies arey quickiy absorbed by
gthel tissues of greatly diluted in the
recipient’s blood stream. O blood
group individuals are called
universal donors.

xii)  How can you protect the baby
against Rh — incompatibility?

Ans:  Sometimes, a mild ABO
incompatibility protects the baby
against a more severe Rh
incompatibility. If O mother
conceives A* or B* baby any foetal
A or B type RBC entering the
mother’s blood are quickly destroyed
by her anti — A or B antibodies,
before she can form anti-Rh
antibodies.

xiii)  Which types of genes do not obey
law of independent assortment?

Ans: Such genes which are present on

same chromosome and are linked i.e. linked

genes.

xiv)  How can linked genes be separated
from each other?

Ans: Linked genes can be separated

through crossing over.

Xv)  What is multifactorial
inheritance?

Ans:  When polygenic inheritance is influenced.

by environment —f@n. it il 1

multifactsadl irihe rltinc:\,

st the disease learly in life, before 25

~years of age. It is called maturity
onset diabetes of the young
(MODY). MODY can be inherited as
an autosomal dominant trait. About
50% of cases of MODY are caused
by mutations in glucokinase gene.
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xvii) Can a child have more intelligence

Ans:

Q5
)

JArS

Ans
iii)

Ans
iv)

Ans

Ans
Vi)

Ans
vii)

Ans
viii)

L Dafine . eplsiasis:

(1Q score) than his parents?

Intelligence is  controlled by
polygene. Similarly environment can
promote intelligence. So 2-ghild can

have more intelligence UQ seerR)
than hisgerents. .

Extensizg Questions. ! BT
What s | incomplete) ‘deniinance?

[xrl lin Witk examiples.

(se= arécie 22.3.2)

Define Mendel’s law of segregation.
Explain it with an example.

(see article 22.2.1)

Define Mendel’s law of independent
assortment. Explain it with an
example.

(see article 22.2.2)

Define probability. Derive 9:3:3:1 F2
ratio of independent assortment
through product rule.

(see article 22.2.2)

What is codominance? Explain the
phenomenon of codominance with
an example.

(see article 22.3.3)

Define multiple alleles. Describe
multiple allelic blood group system
of man.

(see article 22.4.)

What is Rh factor? Describe the
genetic basis of Rh blood group
system of man.

(see article 22.4.2)

What is erythroblastosis foetalis?

Discuss the adverse effect of Rb-
fu¢gest =2,
therapy to_ayvoid Rh sensiiizatjon nf |

incompatibility.  Also

an Rh neJrIIIUP m\fu;-er mér’ |ed 1
Rh positive mai. \
(seearticle 22. 2. d)

Explam epistatic
grrie’interaction with examples.

(see article 22.5)

What is a pleiotropic gene? Discuss
pleiotropy with examples.

(see article 22.6)

Xi)

Ans

Lot

Aris
~ Xiii)

Ans
Xiv)

Ans
XV)

Ans
XVi)

Ans
XVii)

Ans
XViii)

Ans
XiX)

Ans

What are polygenes? Explain
polygenic inheritance. : -
(see article:22.7) | \

VWhat ~is ' trossing ‘sves’ Define

recombiration'fre quendy and explain
is dinnificance..

(see article 22.9)

What are sex chromosomes? Discuss
the chromosomal patterns of sex
determination in organisms.

(see article 22.10)

Compare chromosomal

determination of sex between
Drosophila and human.

(see article 22.10.)

Define gene pool. Explain the

concept of gene pool in a same
population.

(see article 22.1)

What is sex linkage? Explain T.H.
Morgan’s study of sex-linkage in
drosophila.

(see article 22.11)

Compare pattern of inheritance of an
X-linked dominant trait with an X-
linked recessive trait in humans.

(see article 22.11)

Explain diabetes mellitus and its
genetic basis.

(see article 22.12)

Discuss the genetics of colour-
blindness or haemophilia.

(see article 22.11.2)

|4, -

244



