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Gene
, -(;Sior-e istheasic unit of biological information. roreencs ke
’ These are actually parts of DNA comprising its base Alleles of the
sequences. o

Different
gones

Characteristics of Gene
Q) The position of a gene on the chromosome is called its
locus.

Homozygous
dominant

alleles

(i) Hereditary characteristics pass from parents to offspring
through genes in their gametes.

Heterozygous
alleles

Homazygous
recessive
allcles

(i)  Genes are responsible for producing startling inherited

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
Partners of a gene pair are called alleles.
Characteristics of Allele

Q) Each allele of a gene pair occuples‘ u.° same g=".c loGut on ntn It Sp°CtI e hnm'u.ugue
(i)  Both alleles on one locus, .naJ t‘c ider t'ca\ ar Cil ‘fe el 1t iron! each o‘hwr

Phenotype and @eriotype~ — | LA

Jumping genes do not settle

BRI IER . peacefully on their loci, they keep

(i) -~ Phendtype fsithi2'$sym of appearance of a trait. on hopping on different loci on
b pp

[ 1% T - the same chromosome or other

Definitions

trait in an individual.
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Example
A flower may be red or white in colour. Flower colour is tra|t and red and white-aig (s,
two phenotypes. Red is represented by ‘R’ and white by ‘r
Population
Any group of interbreediny crganisiis of tha saime\species lhct exist thether in both time
and space isalled a pepulaticn. \
Gene Pool
All the'geriesiallete; lotnd ic a oreedlng population (group of sexually interbreeding
raarlisny of 'saivie speties that exist together in both time and space) at a given time are
L oilestively 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 by 17~

formulating two laws of heredity (law of segregation and law of indejgtident gssojtiicn!).
He was a priest. He performed series of -sigeding expzerimetits ah g?.d:n pea (I;tCUm
sativum) in his monastery garden far =Ievpr yeers (1854 146 1)

Reasons for Selection of Pea Plant}, 4
Mende!-sefected Pisusisatiyum for Nis! expﬁnmon. ué'to following reasons:

)] It is eass=tc, cut [Fiveie and gicwe weil.in-garaen.

i) Its flowers are heri‘na_pr.rc‘dité and self-fertilizes but can also be cross-fertilized.

i) ~55 7 irle aap belwees geh'erations was very short so many generations can be grown in short
\ RN \phrigd 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
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| 1918 in: Meh) = )
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[ .'I _| | a White
INIRN
Flowe : * ‘!
Pasitic o AL ben! At tips of "
Junctions branches
(axial) (terminal)
< T
Greoen Yellaw
ol ey s St
Infiated Constricted
Seed ' .
Colow Yellow Siaid "1)'
Seed *-‘x;, 9
Shape Roand - Wrinkied
Fig. 22.2 Seven traits of garden pea studied by Mendel
22.2.1 Mendel’s Law Of Segregation n @ X &
STATEMENT
According to Mendel’s law of segregation nod) X BT —
“The two coexisting alleles for each trait in an individual - M :'.'—i;" '
segregate (separate) from each other at mesiosis, so thax SN P (r.i_};-.@.' —
each gamete receives only one of iie two| al.e!c:,l ﬁ,l\lwa es | VN e Iy B
unite again at random eIII|I2ati"”3 oT . nafwter, -wi-u?nu 1 .Li = L4
zygote is formed.” |\ L L0 | &
EXPLANATI Oi\r. .-—«"'- 1 \1 VA Wiyl redod
P . - - Geneotypic ra
Mendeii hr it 3 itabl’ sh'% tfu,e preediing lines or varieties gl $oa o ke
for f‘nch tral WL X hrtiar 3o 4R
T Mrue- bree g varlety upon self-fertilization always eneticllh .. o bl
nloguced offspring identical to the parents. For example a Rowsd  Wrinkied
true-breeding round seed plant produces only round seeds. [Fig. 22.3 Mendel’s cross to study
single trait inheritance in pea.

Similarly, a true breeding wrinkled seed plant produces
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.
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Phenotypic Expression
Different steps performed by Mendel to develop law of segregatlon Gie descr"’"‘ 1
sequence as following

P1 Cross '

He cross-fertilized a true hreeding round :aed male, pbant W th a irue brccdmg wrinkled
seed female plant.
He called 3t First parerical\gereration| (P1). Th°| S1Ispring were called F1 or first filial
generaiien. Al Fy.offsoring were rcuna likc-one of the parent.

Round domingtediwirinkled.

lz2, dhminante | wa: complete because no offspring intermediate between parents was
CAgenil.cide-called the trait that appeared in F; as dominant while the trait, which was
iwiasked 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’. A Y
The true-breeding round seed plant of P; generation carried ‘RR? ;.,ﬂelc;s whiieuue-!
breeding wrinkled seed plant of P; carried ‘== alleles. . | | /| Ao
When both the alleles of a gene-pair in’ai ofiganisra art saine;, ‘the“giganism is
homozygous for that ge: |e pair. An sndivi 1r|al withy, a r.omozycous genotype is a
homozygote.
Mendel invered-tiat each 11cmr anaritﬂd from palr so that a gamete received only one
member. Atheri miala ¢ gamete, cariyifig tactor (R) fertilized female gamete with factor (r),
the somblete sp* of Lhe tivo tactors (Rr) for the trait was restored in zygote. The zygote

Y (Ir\\” oned ino -1 offsprmg that was heterozygous ‘Rr’.

J oy Y | \WiHah two 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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/ Segizgatitn!

G‘vnelm | C) | —\r

I_Fm 224 3egr 1qal ¢n.of aneles during gamete formation

Conclusion.

Al tliese! re: ,uln ou.pport Mendel’s law of segregation i.e.
oht | Allieiesare 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. (SWL 2021, MTN 2022)
Define Mendel’s law of segregation. Explain it with an example. (Exercise question ii)
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).

o If phenotypically round seed plant is crossed with homozygous recegsivi2 ziid all proge n_n/"
is of round seed then tested phenotyplcally deminantingividual is honmozygeus, -
o 1/2 round seed and 1/2 wrinkled sced) prog ‘1yt1en 1=s1=d phenctypcc Ily Gominant

individual is heterozygous.

-E‘IMWH

If the seed=i3 thdmozygons| reunc (RR,- | 1T the seed is heterozygous round (Rr), it
will grow mtc) a 'peal plart ithat-forms aII will grow into a plant that forms half the
gametes | with | ¢nl/ =R’ “allele. Wrinkled | gametes with ‘R’ and half with ‘r’ allele.
It will form all gametes with ‘r’ allele. | of gametes. Fertilization will result into
Fertilization will result in 100% round seed | 50% round and 50% wrinkled seed
progeny. progeny. Even a single wrinkled seed in the
progeny is a convincing proof for
heterozygous nature of the round parent.
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A2

1 The.

indi

N\ J\

Resi

c /
@\ ([e@® L Yo\ e
) +R[+ Rr
Rl.—r‘_] N +rl
Wt - | L Result
1¢und sedd-aiayeny. Y round seed and
tested  phenotypically  dominant | %2 wrinkled seed progeny.
vidual is homozygous. The tested phenotypically dominant

Round Wrinkled Round X Wrinkled ‘

’ / \ //'T\

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

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 e

9:3:3:1 phenotypic ratio was found in F.

Conclusion

From appearance of these new recombinan pi henatypes of f 2, Mwonl irtfeired at

Some sort of shuffling of ¢ |Ieles haiacodrred durl o gcrﬁefn rorma1 ian.

He called t4is mechanism ap ndet)e 1dent cssar[nmnt =falieles into’ gametes

He cow‘luded Tat thL allzigs for G ec shape and colour were not bound to remain in
parentas, cornbir, at;ons Fo'revcf le. "R’ with ‘Y’ and ‘r’ with ¢ y’ rather these were free to
assor miepencent-y

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

alleles 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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Fig 22.6 Dihybrid cross produces parental
as well as recombinant types.

PROBABILITY AND PRODUCT RULE
Probability is chance of an event to occur. )

il

SANE VR
hoh W | [
| %, 1 .

Two independent events osclr dur. .g I W il n.d.ppnn'dem at.sc rfdne"nt J

(i)
(i)

3/4 or 11 -.pe \,.7r'i*"r'1'fleq is 44 o

Jlx"’”

i

In F offspiing of a men f)hlybr rcrnsu *hu u-:depﬁn_dcm chance for a seed to be round is

R PR,

Inherltdncn -p’r.lsee'i '"OJ.OHI‘1 _anotiier separate event. The independent chance in F, of a
mntﬂhynrl;i croys vok-arseed to be yellow is 3/4 or it to be green is 1/4.

n *u"'lnaependent events are occurring simultaneously like in dihybrid cross, the
*-dtIO of each joint phenotypic combination can be obtained by multiplying the

""l probabilities of individual phenotypes. It is called product rule. The product rule state

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 L.~ I
Independent Independent Joint probability of heing ™, | ' I
probability to be probability to be ! e T Oy AN Y L A

Round =% | Yellow =¥ Round yellow, = | ¥4 % =9/16
Round =% | Green 75 |'Found greer = Vg X Yi =3/16
Wrinkled /7 '= % LNehiow | “=9% || Wrinklediyeiiow = YaX ¥ =3/16
Wrinkled =% | Geen) || =% wrinkled green = YaxYa =1/16

Limitation of Law!of\ InCepericant Assortment
Independerit’ asssitment of genes depends upon independent assortment of their
v ehiginesome. 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 is 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
Father X Mother
Nn Nn

Gametes @ @ .: .. Q\_'/(ﬂ) \ ]

Nn

~rogeny
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-29175
Describe the Mendel’s law of independent assortment with sirexampie:
(Eix:reige Quidtion iii)
Define probability. Derive-£:3:3:1 l:~ ratis-of iridepencentassoctnient thiough product
rule. _ — (Exercise Question iv)
-'Tth*&W&.{Eﬂiﬂ_
DEFINITION
Dominahnce is a\physi o‘muau effect of an allele over its partner allele on the same gene
rio ey
Y PES
' 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 fer. TN
dominant and recessive is not used. - '

o Both the alleles are represented by same letter but are nitmbereq dit fnrumv e

o Phenotype ratio is the same as the Jenotype rafi o *htr=| ronecdo test cfuss.

Example

Cross-1

When ‘3 a_frye bredding Ted ﬂo ‘erud 4 b’ clock plant was crossed with a true breeding
white fiovieren prart in Fq! h\ brias, all had pink flowers having a shade intermediate
betw len th') e 0 thenarents due to an intermediate amount of pigment in petals.

' C (1‘ S '|| ]
J [ N “M/hen Correns self-fertilized F; pink, the F, showed all three phenotypes of flowers in the
k ratio of 1 red 2 pink 1 white.
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T p
: J . 1 - | . I -
Sy’ ; 1 Mais Allcles| | '

: ' | a2 NHANS

Female Alleles

7 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 conr‘-+-on are cahen_ A0

codominant. s R |
Example . ) '.I | ¢ 2 W g
MN blood group is the most sunable 3Xamp le 3f caoonu 1anc* as Gisc usseu oelow
MN BLOOD GROUP SYSTEM ' \ \ /
Discovery 1 RN T\ W™ B
MN blisd) tyms ir, ma1 werg “disaméred by Landsteiner and Levine on the basis of
specificiantigens p"e et ' KBC.

~ Rlogri 'lvpe

Lhers are three general phenotypes i.e. M, N and MN.

1FRAIL {
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 . j
N LY N ]
MN LY N A T Mand N T

If a man of M blood grosp marrigs-a woman of\ N, b} Coc, group, al Thelr children will
have MN blood group. .

Phenotype
Genotype
Gameles

Py ™G

MN
F (j';lrul S.)

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 mar' (GRW.20Ziy
What is codominance? Explain the phenomenon of codominance Witk an exalrple,
Syercist Quiestien v)

_zmma'“ T!i!il‘l‘“

Definition
All such-alierad alternaie rerins! Jf a gnne WIsse nu. ke is more than two, are called multiple
alleles. —= al
Features \
i) . Gerle mutaiiong nry puoduce many different alleles of a gene.
o I "B desemay have as many as 300 alleles.

lilj._| Any two of these multiple alleles can be present in the genome of a diploid organism.

V) 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 discovered by Karl Landsteirer i 1851

Phenotypes of ABO system | || |
ABO system has four different pﬁevlotvccs, Ahizh) aig, dlstuncf tioni eacii other on the
basis of specific antigen or. tte strifce of <t‘C | J

0] Blood groiup: A It has-aitigan A,

(i) Blood gaup'E Ittias ar'tigen 13

(iii)  Blood group A3 it nay bioth aritigens A and B.

(iv) -~ Biab 1 giioup: C !tiiasneither antigen A nor B.

(3enitics (Y ASO 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 fl_uids .of_somtle persnro- |
- > B : ) _ | -catied.zecieofs ASegretors. o
Gene 1 Mutation 2 | >-MU|t'fi’_le_al!-9|€> |halue dnrtinanit secretor gene
=\ / \ 1S¢” hn! chiofnosome 19.
~ hictation 3~ i\ '
BLOOD GR 11]&111&1‘1!1-@ ANTIGEN ANTIBODIES
__________ L Homozygous Anti-B
. _m_L-L-l_'_. A Heterozygous A Anti-B
f B I°1° 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

Anti-A and Anti-B antibodies appear in plasma during the first few months aftp. DT
They are naturally occurring in the absence of corresponding-aritigar). |
The blood serum containing antibedias is callec-antiserym. | | '

1 The blood serum of A phenolype céfiairis antitB antibcaies.

2. The bland:serum of B.zr2nhtyme Conteins anii-/\antiadies.

3. The bleed serum et AR phanotynehas heitker anti-A nor anti-B antibodies.

4. The bload'serura cf ’) phﬂn Jype contains both anti-A and anti-B antibodies.

Impeitarice

LR Blw:j .ransfusmn

- 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 dlsputed nzientege bui- IR
not provide sufficient evidence. It can only he used to pro‘ v *n at q ld'uducl ig\ ot
parent of a particular child e. g. = 1 e ' R

i) A child with phenotype A3 annaf- bR rhitd of 1 farent FQ;,Ty;data is not sufficient
of phenotype O. . YA, \ \ '~ | evidence Tor disputed paternity.

i) A manetB prenctvps car rot ) Pne Gf biood type | Most modern DNA finger

printing test is more seriously
A chila, whose\mpthel /s hE phenotype O. His father | considered for a legal decision.
(Oc”( eithe’ ne L g AB phenotype.
' -ﬁ«“wm

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 151515 [ ]
Baby II e | ‘_i_ e [

The data of parents showsThat;

Parent_| [ Bldol group | Passible gcnotype pe |
I Haris) e A 12, 17
Mrs, Haiis' [ —AB 1*1°
- | Nir. Gilal A 1A 1A
TRNIRN ‘1 Mrs. Bilal A 212, 14
L/ Cross between Mr. Haris and Mrs. Harris
Mr. Haris X Mrs. Haris
1A 1A l 1”18
Gametes 1*) i 1" 18
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
1A 1A l 1A 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 _ .
ABO blood type is further differentiated by a + or — sign. This_ Dos’Li-' 8%, nogaﬁ\-é"‘ inri' \!
refers to the presence or absence of anotheli biood grsiif, systam mt.gen ca"gd A Tactor.
Rh Blood group system Ia‘ deflneu-un ine basrs of\RIY fa.- ter nre‘ elit on the surface of
RBC. Thh ystem is Tiamed, Rh aften F\hfsu MEKEY, because its antigen was first
discove: cd in it b\ lard te rer i ]@-ua

Genetics-0f Rh! S)s'rem )

J N M_; R\ .; bridosed by three genes C, D and E. They occupy two tightly linked loci. Alleles of

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
o Persons having genotype DD or Dd have Rh factor on their RBC anc-4j Rh".
o Persons with genotype dd do not have Rh facior and 2reRi1-. |
Antibodies of Rh System o' !
Antibodies are not present, e} ther in Rn*lor RKC pbreo 1% Antl Ria-antibody production
requires & stimuius.by die hem an Rhiartigeniself.
An Rh-ne:com does no: proiu:e anti—Rh antibodies unless he is exposed to Rh antigen.
Blog:i] rm,fu510n -
[ I “Rh*donor is totally incompatible for Rh recipient. If an Rh person receives Rh antigen
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 intg hls Elgod stree m ‘i haf'

is why this disease is called erythroh!astosn fwetalrc A0 e Wn Y [ G0

V) Anaemia may lead to abor{ion or siit birih - Wy '

vi) If pregnar\,y contlnues, *he Inver/ard splesn or Lhe ﬂ,clus swell as they rapidly produce
RBC. N '

vii)  The-hreakdown| pi‘odg_ct'c—f‘ RBC called bilirubin also accumulates in foetus. Bilirubin
[ leradgesthis siain cells and turns his skin and whites of eye yellow. This condition is

J GO 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 veiy few of-taztal,
antigens cross placenta into maternal circulation and the amsaint df/iaternal cntlbvc.,
production is not very high. But when placznia detegiie§ at-cirth;.a .1”6 narnbel or{oetal
cells enter mother’s blood-stream and stiviulaie preducticn'of, large amuount of anti-Rh
antibodies by the mother. These-dinii - RE aitipnd.es' parsist i inother’s blood for a long
time ana-are persistant 1isi for.h? next, Rh*-foetus:

Control of Incempatihility

Rh sensitiseticri of 12h' moxhv. is av0|ded by a simple therapy. She is given an injection
o R artise! un rhrmg early pregnancy and immediately after birth. The Rh—antibodies

Lt Rhantiserum 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. A1 hR 2018, BWPR ztl?\

Explain the genetic basis of human bloog groups. = - (BERZ51Y)
Discuss Rh blood group svstem i than, .\ | ¢ \ ~(MTN 2021)
What are multiple alleles? i=xplaiiwiihan uamp!e | (I\ ITN 2021 FSD 2021)
Write notzun mother-fete | RH incoiripatibly) -~ (FSD 2021)
Writea ficte CiT Rh BITOC urcup systen: Cive the principle of its transfusion.

(DGK 2022)

DOf.ne mu-iupte 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

Bombay Phenotype
Definition

Mechanism

(i)
(i)

|5 unp.e '

22.5 EPISTASIS

When an effect caused by a gene or gene pair at one locus | Biood ey
interferes with or hides the effect saused ny'\ansther gang | -
or gene palr at another lozug, suchi-a phe Snomenon cf gene, | 4 oR'
interaction is called epistadis., - LA
EpIStaﬁb Augt not-be-contusad“with dorninance. Daoiriinance ®
is the elticrship, bet vezn ‘areles—of the same gene
occunying |tae’ same Iccus, but epistasis is the interaction
hewvien Hitferent-genes occupying different loci. B

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 f[his sugar of substanC(_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, coule: hira | '

arisen. Suggest how type A and AB parents could produce a Pr“.u of blouﬂ ypp C

__.

Solution e 1] | O~

First possibility if the A is hfnmozwms

~ T A W AR\ 4P
5 ) ! " - 1 1 s
'.'l- LI 'A AI 1 n '-.. ..' Jv:'l E e
Gametes |\ T L L A |
AR A AR

ng=ny

B0, chiitiren 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-gioun A aia 28,
produce O blood group They always produce blood group A o:iincd Frouy E.

QUESTIONS RELATEDLTQ ABTIV EARNCLE]

What is Epistasis? Explaln itwith exarwolf of RSinbdy pherotype. {GRVY 2619/ GRwv 2022, RWP 2022)
What is epistasis? Explaif) ot ansivi:r with gn ayarnple - (BWP 2022)
Define-&p! StdSIS Expiairi €nitasis genz interaciieri with examples

(Exercise Question ix)

AW iLb LYk PLEOTROPY

D .f” l._l] I
[ I Vihien 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
D

efinition

Such traits that vary qualitatively are called qualitative traits.

Features ¢

o Qualitative differences (variations) are large-and more ohv-ouc:' [ | p

o Some traits like pea seed shape stiew dIS"O THEUGUS qual taltive vfmatm “with two,
sharply distinct phenotypes. | \ \

o Their frequency diagram’ fering' asyramgets ic| distric utlun curve, with much greater
frequehcy bf bheriotypes al onc enid tha"at tFe-other end.

o Mostly traits ar¢ C)rtrc II=d biv gingie gene/gene pair or some multiple alleles.

Examples -

oy T 0 en leiian-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 rm*.nuously AL 10,
trait. .

A continuously varying trait is erccded b/ ¢lieiss| ol WO Qr ‘mare itferaiit-gene pairs
found at different loci, ‘ali, influencing ihe 'same {réit! i_an |additive way. These
quantﬂp*we Lralts are caiiag pa! lygeriic'traiis and theirgenes are polygenes.

Features \ ,

o Quahtitati\'a difierznces dre small and less striking.

e, [T el trajtsiare’c 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 colaui =
o Alleles A, B and C code for an equal amount of red pigment whieh s a positive e,frem -
o But none of a, b and ¢ encode red p'uments whlf‘h i57a 10 ’zoro) 4o«e 3l gaiivele! £iect.
Phenotypes In Relation To Genuty Des b \
o If all the six-alleles code fOr red piginent (A4 Ba”u +l*e graln is aark red.
o When hal of e, °'x dileles er LOO@ ec pigiiient (aabbcc), the grain is white.
o When a'grein Fas ane, ane e Tos ed plgment (Aabbcc or aaBbcc or aabbCc), its colour is light

Y _p'wl

ARIAIR If it-tias two aIIeIes for the pigment (AaBbcc or aaBbCc or AabbCc), it is pink.

0 If it 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.
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Thus tho c,:ﬂou phe 10¢ypn of [he graln is the sum of the |nd|V|duaI effects of all the six
= [T (.“ |ES ._
s |t “Ehvironmental factors like light, water and nutrients also influence the amount of grain
AW colour. Environmental variations make the distribution of phenotypes more smooth and
continuous.

Number of individuals
1

g
‘111111111

Moderately | Dark red
dark red
L] i 2 3 4 5 f

Fig. 22.11 Number of pigments — contributing alleles in F2

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 — 3

It is a more complex polygenic trait. The perfectly continunus ‘,rauar ah in laﬂgf‘ ot

human heights produces a smooth ﬂll-shaped "GW“ -A fav, p%p_le e yp_ry taii or very
short, but most individuals, fa.” mfh': uVﬂaramcr m=an va TR {1
This trait isgontrolled-&y _nuar'- panr (ﬂ' ge.ne-s ot different Toci. Even multiple alleles may
be possi hr-e at| eacF\ T R

More th= n umrwr c.)f alr°I=s f\,. shortness the shorter the height will be. Similarly, greater
th&.prjmber cf Imes for tallness, the taller the height will be.

al ,J | “ -|3|‘t‘“0ﬂ Exvironment

" Environment also has a strong influence on height, intelligence and skin colour in
B 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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Fig. 22.12 Human height is a continuously varying trait

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 dommant gens, It is a,
discontinuous variation. . L) A 1\ \!
So it is |nher|ted in S|mp|e I\.endel 81 raﬂhm !t;L;
freque,lcu i ag=aim” fmn, asvmq]etnr d|<*'l.)ut|on =
curve. Thi ) chiive, J.hG‘N m uch gredter frequency of Fig 23.13 Roller
r..L 11 )type< at (r e enk and ‘then at the other end.
. ,J \ Lklu'ﬂnlll,)l -|.,tograms of Human Height
-~ 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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Fig. 22.14 Comparison of a continuous and a discontinuous variation in humans

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 af h0|- 0iGgols DArs 1f" AR

chromosomes. Man has 23 linkage groups.; o Y \ ; -
iv) Linked genes whose loci.are cloge to °a,|J J'[I'EI ;10 101 oae) Mmdel s law of
independent assortment, because 2350 daniiot 4kso*t nceoemﬂmly dl.rmg meiosis.

V) Gene Imkqge also Miriiiizes *he ‘chanius of qene*-r‘ fecombination and variations among
offsprings.| | T (7)) N

Examples \ | e

o - Geres for wlon l‘Imtiness haemophllla gout etc form one linkage group on human X

1N j.“~.'ll.|.¢g|_n JGine.

'._ ' 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 kectween non-sister ;iwromaflicfs of hL;mn!ugou:
chromosome during meiosis: -
Importance LY
Crossirg over i2dices the chances Gtigene ninkage.
Explanatigi
N _f \ '_é:.:m'< iGer 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.

]
— = = - — — |
A 8 A 8 i
Me p— -y Parental |
w‘hno A 8 A B [
CrOSSOVEr =1 r=== - - - = Parental
between ] b L b
the - = Parental
e 4 b a b
— | -
A 8 Al i Vi WL, -
Mei | s, v T (e | | ) Farentad,
wina Ao\ | Cmmntmitas \\ gl
memt{ |[rEFMéac _ LT i L iy 1 L
between‘ = a b L ) AN B =
T —— ) - RE—e Racombinant |
lhoﬂﬂm ___.l i (& 4 | o ! W b o b
ML - | e N ——— Parental

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 = X604, | b
Sum of all ‘ombl..duonc - |
Calculation of Recombination Fiefuency: _ AR '
The recomhination frequencics /Letpeen twc |...ked genes can be calculated by
backchsmg thn curmyot te to 2 hpmiczygo: s double recesswe

RiR _ L\ WA~—""pg a b
y _ a b a b
AN NN [ ]
: TN '
N
i
\ I t Parental
Gametes 3 :
A b
§ Recombinant
a B types
———
A a b
B A b a B
2 b A B a b A b a B—I
a b 2 b 2 b a b
40 40 10 10
pﬂ’sprlng $ Parental types Recombinant types
(40 + 40 - 80) (10+10=20)
20
e x 10

40+40+10+10

x 100 = 20%

Fig 22.17 Recombination frequency between two linked genes.

Mapping of Gene
The recombination frequency is directly proportional to the distance between the ..:“"r =)

gene loci. Genes can be mapped on a chromosome on the P_T;—I':':—-_-:—_-:—— g
basis of their recombination freouenu b\ I 15%) 'of, l'*"‘- =
recombination frequency is-aqual 121 vt map ust«an: ‘

the two linked genes A anil B witn a 73 D r=combmat|on *;‘T’ 20 . b
frequenc;. must he-28 units ’lpart H 0 20

Importance oty nsting| Cver
Crossing cver'produces \gehetic variations among offspring. Genetic variations lead to
_ FEoramendc ug, atigtions in their traits. Variations provide raw material for evolution by
v’ J P Y | “Jelttin.g them adapt successfully to the changing environment.
S _' : 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)

219



Chapter—22 Variation and Genetics

SEX CHROMOSOME & AUTOSOME

22.10 SEX DETERMINATION

Sex Chromosomes

Such chromosomes which have: gess Tir Jetermination 'of 'sex are-called sex chromosomes.

Autosomes

All chrcmazorais dther taai X chromosomes are called autosomes.
A\LT050mies G0t carry any sex determining gene.

| L Orzcovery

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.

Diplold chromosome Diplold chromosome
complement In cells complement in cells
of male of female
n f f ; b\\
[{ Lo '.\‘ ) ’. o 1»_ ¢ ’ ’. |
\ \ A4 Male —y Female . ™, I | . | -
' S =, - | A Pl
Fig. 22.18 Chroragso/nés df| 3|, & Diigsopiiita metanogaster'
S T T W A Y Y} e
In Hurian| |

ktrnansiheyve 46 chreiiosomes in the form of 23 pairs. 22 pairs are of autosomes and one

{ | LIJ'lIr‘-:S 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. , ] -
SRY is the male determining gene,. !t is I0Latod at thie 1D of ahor; arm/of A rhrof.losome

Its name SRY stands for ‘sex de‘re i3 umng .eqln)ll AN

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£. 7"~ (7 |

autosomes (16 + 26). _ = |

\ - P '.I | e
Its male has 35 chromosomes comofising 81}( p!.-fs,oi )e '-Y_ al.or_g ‘v_wth 175 paireGi
autosomes (8 +1+26). | |

O\ @mmﬂﬁ‘_ 8 LAABOVE ARTICLE

Explair, tl € pnrenomenoo oi-sex determination in humans. (LHR 2019)

.),AI,'rfe't ar <2xchromosomes? Discuss the chromosomal patterns of sex determination

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

22.10.1 a Sex Determination In Animals

Variation and Genetics

There is a wide variety of sex determining m=cihanisms, ot thize patte;"n." are'more 'corminon.
1)  XO-XX Type ' |
Examples ' _

This pa'te.r. 0 sex determinetion istound in grasshopper and Protenor bug.
Featyives J_T.Ma‘e = |

b Miale is XO because it has only one X chromosomes. The other sex chromosome is missing

entirely.

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.

If an X-carrying sperm fertilizes the egg, an XX female offspring is produced.

If the nullo sperm fertilizes the egg, an XO male offspring is produced.

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

P, Q XX x o XO

Gametes (X) :—\'r (¢ ’uj"

2 Kbk
MR

Samnples

This pattern of sex determination is found in Drosophila, man and many other organisms.
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Features of Male

J Male is XY.

o Male being heterogametic produces two"ty'opc_ ol dex :it*_tern.iniln,(: -;peimC:'Half the
sperms carry X-chromosoineland-ite otherali, val Y chroniagome,

FeaturesofFJh‘ele. _ v { jag Bl

° Female 1s XX

e [Tof nmule ve.r.g humogametlc produces only one type of eggs, each having an X-
5 % w1
‘1% thromosome.

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.

A
P, QXX X O XY

Gametes @ -l- E—@
: ey .

F,

Sex - ratio ] |
Fig 22.21 Sex determmatlon in ”nan.ara i osr.pmlc 2N

— _'__"_
h

3)  ZZ-ZW Type AP YRR RIR RN
Examples  — {7\~ QAR ' -
Thlstypc pf sn -c.ﬁtarmna:mn -Oo.ﬂ'p +is common in birds, butterflies and moths.

. 15widp dhcnvelﬂi l:y ~Seifer in 1914 in moth.

N ! .’.lt.n_thk reverse of XY-XX system.

N

Ceatures 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 = 2nd'\W i =e

proportions.
Sex Determining Gamete \
It is the kirgof egg that.deterininés the sex; of ofispi lr.g:.'
o When o7 carrying-aga 15 1,?|;tilizec_1 h\/ thesperm, a male offs

pring is produced.

o When a'Wi-Gartying eaq i5-+ertilized by the sperm, a female offspring is produced.

6o UK Ragieds T

| \ \
7

P OZZ X QZW
- A
Gametes Sperms (z \}P
Fi 7z ZW
d Q
Sex - ratio 1 1
Fig 22.22 Sex determination in birds and butter

flies.

COMPARISON OF CHROMOSOMAL DETERMINATION OF SEX BETWEEN

DROSOPHILA AND HUMANS

FEATURE MAN

DROSOPHILA

In drodoghi ila, an Y A iatlo of 1.09'or higher produces female whereas an X: A ratio of

0.5 or lcwer, pi'odu're's Inéles.!

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
an-cl;'\ XX Xy ! X0 XX\ -
- = | » ] | L
Drosophila Y O — O 4 || i -
Humany . 1: ) ) | A=l ) LTS R Y T T 1 g
¥ =N A AT T N A .
Fig. 22.23 Comparls N of SEX LE lerminatien in man and Drosor! hila

BOBESTIONS RELATED TO ABOVE ARTICLE

J Y Y "{o.ﬂ' pare chromosomal determination of sex in Drosoph
L I |

ila 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 aa
Male > Femule
l Garmetes
- L
(\:1 "\F; o]
L= =]
. | L
- | ™ L g oA
|1 [;._'.“J ) Male
L Volleni- /
I ) al aa
[ | i Female
| ", . .l .
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 simgic
allelic differences at a small number of gene loci e.g. a and c.are tngihwg nating tyms'
(sexes) of yeast, controlled by MAT a and ViAAT a allales .99p6b*l\/”'|y =) -

D JOLABEON AR AR

What is crossing over? Dﬁfme r::umlr Inaejon fruq lenty ‘arid- =xplum its significance.
Explain.sex'determinatiorn) inplants.! |
Descrie'the LTO(‘QSS 01 sex determinetier-in plants and yeast.

b4 (RWP 2019, SGD 2021)
M‘\l 22.11 SEX LINKAGE
P e

I homas 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)

LR,

Easy collection & culturing

The tiny fly is found hovering around rotten fruits. It can be easily colleciet-and cuiiired,
on mashed bananas and other fruits. It does not need large-spaciols cages aad_lives
happily in ordinary glass bottle of jams an{ marricl: de° It gats’ yi2ast that: g'ows on
mashed banana. \

Sexual dimorphism -

Male @i female r\ros.ophlla stiow; sexud dilnGrphism i.e. these are morphologically
distinct5om Géchicther.

Male is 5mialler in size ‘with'biack rounded abdomen male has sex combs on front legs.

I FWI(Je i5 lerpel with pomted abdomen.

' o 'IL"t generatlon 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 Nermal :IG»S !
:_"w ar (|cn Isated white eyed male with a wild type red eyed female. All 1237 offspring of

..-\.JI
J I.
& |
\ '

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-. ferize
- ; ] vl 1. W'hn*ev.wmale

L '|; J_iig., 2.25\Wiid ?ym réd eyed female and mutant

] Jvh ‘te'eyed male Drosophila.

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
Different observations got by this cross were;

o Offspring produced due to this cross werer ied- eyed femaies, *cd wej ma =s AR Ve
eyed males. \
o The proportion of 3470 reaq, Fyfd t¢ 752 Wi te ved flies d|d not perfectly fit into
Mendehm 3.1 ratio. '
o The numb 2 of lecessn e'phen eho yp'e individuals was too small.
. m tI le white e -fiies were only males. There was no white eye female in F,
om luslon

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.

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

i) 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
Sy X L4 T
Gametes  100% ‘/X"' (x 500 ( x 5003
NN A AN
eggs Sp?rr-ns Ny -
™ ' - - II. 'M\ !
J -.I-\..l:lﬂ".ll'\-_. l ‘
| ) S XX
F Red eyed female Red eyed male
50% 0%
Fig. 22.26 (a)
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Second Step Cross : | —
F.x B Rod eyed female X Rod evod rucie', j =
AT = s eV g
Gameles  s5om(X"™)50%( X/ josd (1X1) fondl ¥, ) | ol
Eggs _ —i \ “i';;-'vrna_s_'-_ 7
G T 1
._':I | XX > ps i r ansh X'y
[ Y . 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 i

heterozygous female from F; generation).

ts own daughters (the red-eyed

Out of total offspring of this cross, half female offspring 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
@ @

Eggs

Gametes

Offspring of test cross

-. Fig 4. 't(cq \

Step 4 Reuprnrc,. C ross/ Cor ...'fmafr)r\ 'IPSa

Appear ull

MENS 5, NN, W W T T N, . S -

White eyed male of P,

Xy
s (©) s04®)

Sperms

)
o“-F 'vt lte eyéd emqlt nEG vlded an opportunlty for a further confirmatory test.

. Migigan matﬂd & \!\ hite- eyed female with a red-eyed male. All female offspring had red

{1 °"er and all male offspring had white eyes.

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, Whitc cy Ld &mdlc Red eyed male
100% O . S0% ’\D 5074(7,) \
Fg\gs - Spei/ns .
» 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 determlnﬂ" *na1enes:' i [ {

. Y-linked traits are found only in males. 1 %\ _ ~| WoN | (O \O~~

o These traits directly pass thipugh - hrc.uusome frnm I-athel t¢, son pnly. As females do
not normallv inherit Y- chromacor 1€, su chitré It._-kal ot po°° to then

3) X- ang Y- _| wked I”al.f Y AN A\

Definition \ [

£

Such; a trart wh( sel g=nos sie Iocated both on X and Y chromosomes is called X- and Y-

(R Dipred tradt, )
= | by -
WSpaiturad

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

Their pattern of inheritance is like autosomal genes.

Example is bobbed genes as in drosophila.
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QUESTIONS RELATED TO ABOVE ARTICLE

Explain sex linkage in drosophila with crosses. o - .
Discuss sex-linkage in humans with one example. [ | ~(LHR28 L
Define sex linkage. Discuss X-linked don'inartinneritarics in aumars. — {LGK 2019)
What is X-linked recessive inherizzace? Explair it with amexampe. (LHR 2021)
What is sex -linkage? Expiain Tt Morgar’sistuay-o sex-linkage in Drosophila.

: (Exercise Question xvi)
Compare Lat ern of inferitarceor an X-linked dominant trait with an X-linked
recedsiva traitlin hurrans. (Exercise Question xvii)

LR L @kabe Tn Humans

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:
It results due to either reduction or malfunctlon or complete ahseno oi-hleod clotum'
factors. [ Y —
It is a serious hereditary disease hed ause- haen'ophl.‘_l-; nay Qle-ad .to death even from
minor cuts. \ \ VL)
Types BLR T 7R TN
It is of Trak typesiz. ‘A BlanaiC -
1. Haemoghiiia A\ ana, E 2= non-allelic recessive sex-linked, but hemophilia C is an
[Earsomel nareisive trait.
I Y% haemophilics suffer from haemophilia A due to abnormality of factor VIII, about
20% suffer from hemophilia B due to disturbance in factor IX 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

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

affects both the sexes equally (being autosomal).
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Genetics

Haemophilia A and B zigzag from maternal grandfather through a r‘r.ne: daur*.nrr 10,
grandson. It never passes direct from father to son. [ |

Gene for normal is ‘H’ and for hemenhilia Alls B, ' !

A woman can suffer fromrhemopkhilia.A or\B oniy when sh= I$ romozygous for the

recesswe allnle but a man v, /|t1 ucl ane red e<sne ai 'ln WiLEshow the trait,

] |\ Marmipge .me
. I 74 r\_ . & \ 1 Parents
BN Y
) A (Mother) X"x* X"Y (Father)
| N ERAIAN Marriage line o~ Sibship line
II. F_L% E] Children
1 2 3
(Daughter’s husband) (Carrier :n?ghter) (Son)
' xy
1L é é) d i Grandchildren
1 2
HH Hoh Key:
x"x" XX x"y x"x
Grand  Grand Grand  Grand DNM male ! Affected male
daughter daughte ; 5
ughler caughter son . O Normal female @ Carrier female
Fig. 22.27 Transmission of X-linked recessive
trait (haemophilia) in humans.

Activity

Cases of Haemophilia A are reported in [ — O

Queen Victoria’s family. Pedigree of Queen ooy | =

V@ctor@a’s family (fig_u re) indicatestheQueen | .5, @ O 0O o1 O

Victoria was a carrier mother, because she Pate Ligild Prwemm en |

gave birth to an affected son Prince Leopold. | ,, {5 WG i 03

Prince Leopold passed on this recessive X — Derwbent | Paemaln

linked trait in typical zigzag fashion through | ,, " Q—_.

his carrier daughter (Il — 1) to his grandson | o\mw‘;pﬁ . —

Rupert (IV — 1). Assign genotype to each = = — A0
individual. Can you explain how Alexis (IV — |Fig. 22.28 Pedigree of Quezii Victoriazs &iify) 1} | ) | L)
3) became haemophiliac? showina cases o Hac.nrphlllla In

% A _ T TN W ill B )
7 =

Genotypes of the Individuals Ve DAL OV WS A~
0) Queen Victoria, carrier (14 1) XBE A WL ARRE '
(i) Her son, Prince Leopold (1 —2, K Y ' e .
(i) Daughfer cf Rriiice Legplon, CPVrlé{ (IH h>(h
(iv)  His grandicn ?Jpﬂr, (V|- U} aftecied XhY
_ Pringe Alexis 2li0 inhetited the X" chromosome from Queen Victoria through her carrier
- Il Andrather Princess Alice and his carrier mother
\blinsese Avex.
) 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 m
It is a hereditary disease in which person camot differentipte bifween thcrnnl Co! CLFS:
Genetics '
Normal trichromatic colou: visigiy s Faseq cn eree ( |ﬁ° ert K:hdS ol cone cells in retina.
Each cztii3 s_er_\srr'.n {0.only oiie‘af the thrée nrimary colours i.e. red, green or blue.
Each type| ¢f nGné celi has sneriiic-iight absorbing proteins called opsins. The genes for
red idnd green Hpsins-are on X chromosome while the gene for blue opsin is present on
LalislomeT!

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 womer: Deca; lse fm c=s-

for a male to be affected by it are much more.than a female o .
(i)  TESTICULAR FEMINIZATION- SYNDRO" Y \ A

It is a rare X-linked recess|ve) trait, & Sithiugh t ¢ pere. oris afreCtpd by this tralt have a male
set of XY gitrromosoms;-yet tfin gene'dn their X.chremosome develops them physically
into fomes) Fh’pv’ fiave, \braast;, felnale—genitalia, a blind vagina but no uterus.
Degeneratad thstes @relalso. prp seiicin abdomen. Such individuals are happily married as
famale but'are slerle—
| s heid an-aidiogen insensitivity syndrome. Male sex hormone testosterone has no effect on
U ke,
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 — (
Mother: As the father of the woman was-cplour blinces, sc_' she 'm'u.fl be éarrter Wi
genotype X“X©. \ '

Father: As the father is affe ctod 5 Jenty pe Wi |l o )(°

Cross ,on lusion

COXOXE L T X X°Y
NG WGamates XC 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

d
|
.II o | - l
S e KEY :
Gene for normal =d
‘ : Gene for
Hypophosphatemic = D
x*x? xPx4 xPy x%  rickets

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.

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, ii_doas neiFestit, |
from vitamin D deficiency (as in dletary rlr‘"ets) but its TN s nenetlr com mum:‘:.i:““
failure at molecular level.

2) Y- LINKED TRAIT

Genetics LU \

It passez-tarcugh ¢hr ‘oInpsyime finra Tather to son only. Such traits cannot pass to

dauahte 'S hecguse!th ey, Un-naC inherit Y chromosome. All sons of an affected father are

gﬁecLed by Y=tinked trait.

?

—a

—0

¢ m o
. 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 only uw|6' o Giky fernaL

These traits may be controlled by SF\-V-|Ink67| Lr :J"tcno nal Jwe, LS ‘At
Example - =\ ARRIERE 1
. Genes for milk yield in-aity cntt!e ) ffr.n ts\or) Iy CaWs :
o Beard WnVItF in’ h imans i ‘|n|sfeﬁt7 Iner~A woman does not grow a beard herself, but
she can'paj the, gun 2 | ,pﬁc f 4119 heavy beard growth to her sons.
4) o SEX INF Ll JE NCED TRAIT

0 \ﬂ" hizlari

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

Activity: R i
A man i¢ 45\vears old and bald. His wife also has pattern baldness. What is the risk that

] | teir'son will lose his hair?

Pattern baldness is an example of sex influenced trait in humans. Mary more mem-inr,
women are bald. [ |~ !

It is inherited as an autosomal dorviiant trait in-iaies |butias an autosornal recessive trait
in females. . BIRRENE

A heterezighus male-is-haldiit & heterazygous fefiiale is not. A woman can be bald
only wizzh she s homozl/gaus fesessive.

Solution

Man

Wife

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 I (
Bb o AN [ (o o
Gametes B b | \ b
Offspriiigd, | _—~Bb" | “ 4 \bp\
Conclusion ) |\ (7 b

In this chse, 5C% offsnririg will be heterozygous dominant and 50% will be recessive. Bb

[ .l|;1;§'6'v'i'i he isaid, but Bb girls will be normal. While bb boys will be normal, but bb girls

RN

5
1 i

«ill'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

Introduction
Diabetes mellitus is a hereditary disease. \ [ .
It is actually a heterogenecius group-af disorders\waich fe ¢herasterized by elevated blood
sugar level.-Hiabetics are uriable to rijetanodze bldna suguf in their buay. They pass glucose
in theirurine, |

Complications |

“Dicbetesiisitie leading cause of kidney failure, adult blindness, lower limb amputation

&iid 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) insutirto, strvive — '

Genetics = NN [ o \os
The insulin gene is located-gn shur}}arm St c-‘w;(-)'mo_so'._T-e L1 FjJIyrn(..rpnisrh- and genetic
variations within this_locus| &re/ iespbniibile | ior diabétes lype (+'susceptibility. It is
recesshZe:iinq!ﬁ-ge_rie.*t'alfl' it'f.s atnultifactorial inheritance is associated with several

alleles.
B) o yne 1l
Jitroduidtion
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

develcH a tor't nEiselin resistance. ‘parents and their children. This correlation is

= W\ ¢ . L} i partly due to genes common in them. Blood

Obesity, iriciecsss {nsusin resistance pressure is also influenced by environmental
Treatmszint| P factors such as diet. stress and tension.

These persons produce some endogenous
insulin themselves, but their body cells BLOUD PRIZISIHRE
gradually fail to respond._to irsulin andg | {B0of ‘presjuie |ist algo tan-“example of

A _ 'mlltifaciotiall traii.  There is a correlation
cannot take up glucose fiorn bivod. rh?Y_ letveen dystoiic and diastolic blood pressure of

s excicise 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

Cause

MODY can be inherited as an autosomal dominant trait.

About 50% of cases of MODY are caused by mutations in glucokinase gene. Glucokinase
enzyme usually converts glucose to glucose—6—phosphate in pancreas.
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)
What is diabetes mellitus? Discuss diabetes type I disease. ~ (SWL 2622, FSD-2022} | |

T
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KEY POINTS

Gene

The smallest part of DNA with specific bade Yequengewihich clritro! specific,cihbracier is
called gene. '

Alleles '_
Partner$ of a éme pair'are (alled aieles.

Pherctyria | '

S S “TheTorm of 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 gerietic or enyi; u-nmen..lal fizctbrs. '_ =
Agglutination / o ARRE N
Is the clungping of parti_b:es:i-_ fh\e Drocels i \r,wh_i.'::i. an amiéen is mixed with its

corresp',ﬁuhng' L'ni:_b'ad'_/._

1 -\..I
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Q1

Fill in the blanks.

)] is the basic unit, ot
biological information.

i) A sudden ciiange in the-ctrictire of'a

geneisgalied | "~ 7y 1
ii) A the Chanbelof an
. evah] to et U,
My | & 1035 among monohybrids is a
s 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) Al chmr iosomes Ohier, \than /sex !

chromeaames, | L arel called
XV} IATEREA A is the maleness
W Y | \dttetmining gene in man.
)= Type of diabetes

mellitus is non-insulin dependent.

EXERCISE .

inheritanca g

xvi)  Polvaenic
envircaraenta! infiuence-" 1S called
ARERYARERN inheritance.
Ars
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. -

i) Pea is normaII, Ch fertaiiling:

— plant. [ | ey
L iy, ‘Dihubtics | are |offensing of  the

parehtsiwhe diifer in one contrasting
gair 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)

yim

i)

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

In birds_asd moths egas 'defgrmire

sex. | ' (wraz),

A homazygote foin's all gamftes of
tr1a siime, tyn. (True)

e allele Tor 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

homozygote e re nis dup Ll
@) Pominarce.

3 _(It‘; Incorapigte ju.nmance
“(0)“vei dominance

(d) Codominance

How many gene pairs contribute
to the wheat grain colour?

(@) One (b) Two

(c) Three (d) Four

o'ffsprirfg'-. f
exceeas |/ jthe |
phenofyf I exgression, of lboth” the |

vii)

viii)

xii)

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

(a) Morgar— () Bricyges
(e)orrens . () Die Mari2s
Which, of) trie folicwing 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 ker daLgj ens |

Le)Half ofhersolls 0 o

Whiatisithie viskl o« colour-blind

child in 'a fal_nny when mother is
-goiour-blind but father is normal?
(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

i [ viii B
i c B8

Q4 Short T}_-,Je'sti.')' 3
i) Differentiate hetwesn;

Ans:

| !'N C1 ' I‘
‘Jhy3|cal
appearance of a
trait is called
phenotype.

Genotype
Genetic make-up
of a trait is called
genotype.

Homozygous Heterozygous |

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

Eg. XX in|E.g. XY in human
human females. | males.

Autosome | Sex chromosome

Chromosomes | Chromosomes that
that do not | determine sex are
specify sex are | called sex
called chromosomes.
autosomes.
e.g. 22 pairs of
autosomes in
human.

Allele  Multiple Allele

e.g. 2 pairs of sex
chromosomes.

Alternate forms | Alleles that (“aie
of a gene pair

are _c,clled numsear|arg’ ¢aliea,
allelez_ '\ m“L.mujtipl? allzles:. | |
Eg. SRYY 1 eg. ARO_Isysiem

rotind Cr vellcwy | U2
; '-__i|1o'r | ggad— color

J PN i

more than twerin |/

Incomplete
dominance .
Such_.doiriipanice: |

F10 wiiich |
_phenctype, of

heterozygote 1S

Codominance
Suchl | L
gsmikence” 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
clock.

group system

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

round seed shape.

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

comprising | ¢f |

spacific ‘elﬂuenre| B

o)) 'ruc_leo ides

specific for ‘cach

trait.

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

Offspring of the
parents who
differ in one
contrasting  pair
of trait is called
monoiyiyid!

yellow! treit' in
|[paa plant.

Dominance

effect of an
allele over its
partner allele on
same gene locus
is called
dominance.

e.g. Rsund and|

Physiological

Offspring of the
parents who
differ in  two
contrasting  pair
of trait; 1% galied
divbrid

2.¢. ‘Round ~and-

I )ZE|10‘.‘\I,'V\/|ink|ed
and green in pea
plant.

When an affect
caused by a gene
or gene pair at
one locus
interferes with or
hides the effect
caused by
another gene or
gene pair at
another locus, it

Epistasis

is called
epistasis.
e.g. Complete | e.g. Bombay
dominance phenotype.
(round and
wrinkled  seed
Cross).
Incomplete
dominance (4’0
clock flower
plant).
psp Y-linked Trait |
Such a trait|Such a trait

whose genes are
present only on
X chivntosome,
is  caned |\ X-

eq Genel _1nr-

| | Feroghiiia,

_____ L=

present, dnly /Cn

is | fceliea ™ Y
inkedl trait

beard growth.

whose-genes are’

Y cihromidsame: |

e.g. Gene for

Sex limited trait

Sex influenced trait

A trait that is| A -irait, thao/ sy

limited to only.ane.| doniinant lin g sax|

Hex e \to_[fard, “recessive in

anatemijcel | Other IS sex
[\ differerices ¢ sex influenced trait.

| liraited trait.

e.g. Milk production | e.g. Male pattern

in COWS. baldness.

in

Dominant trait
A trait that appears | A

F1 is called

dominant trait.

trait that is
masked by
dominant in F1 and
reappears in F2 is

Recessive trait

called recessive
trait.

Wild type Mutant
Normal form of a | Such type which has
species is called | been produced due
wild type. to any mutation is

called mutant type.

e.g. Red eye female | e.g. White eye male

Drosophila. Drosophila.

i) What is a gene pool?

Ans: All the genes alleles of a trait in a

breeding population collectively constitute

gene pool.

iii) Was pea a lucky choice for
Mendel? What would have
happened if he had studied an
eight character?

Ans: Pea was used as exnerimental iv
other  investigati#s-ai30 | [peigre
Mesgal, %, Menhdelaworisi-—Rave
sticied an eight | cliazacter, then he
wollid had-faileq to develop law of
_iriiependent assortment.

~1V) What is test cross? Why did
Mendel devise this cross?
Ans: The cross which is used to determine

the genotype of an individual is
called test cross. Mendel devised test
cross to test the genotype of an
individual showing a dominant
phenotype.
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v)

Ans:

vi)

Ans:

What would happen if alleles of a
pair do not segregate at meiosis?
How would it affect the purity of
gametes? ;
If segregation does not ezeur, then
chromosome number will e affeqid
in next ganer ation-Duie 16 dhsence of

segregaiiar., warigtions \wWili rct e

present. ALBA"
[t |the | &lieles—do not assort

"_n"r-d%e,Jtr.oently, which type of

combination is missing in the
progeny?
Recombinant types will be missing

and only parental combinations will be
present.

vii)

Ans:

viii)

Ans:

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

Because of independent assortment.
Does the dominant allele modify
the determinative nature of its
recessive partner? What sort of
relationship do they have?

Yes, they have physiological relation

of dominance.

iX)

Ans:

Ans:

Which type of traits can assort
independently?

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

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

Due to their predetermined genetic
relation. ABO blood grcaf, systest

has four different phenotyae- Nth'_.

are dl‘[lr-Ct .rr\m gach-.othor onthe
basis ci sner I.fl(. ‘ant |cens dn fh
surface of RB('s. Tliese astigens are

Egreoded by, gimgre polymorphic gene

I ¢= chromosome 9. Once these
antigens start expressing during early
life of an individual, they will
express throughout a life without any
change.

v WiRatisMODYS | ©a
" Ars:\ JAbout! 266 % 5% of type Il diabetics

Xi) What is universal blood donor?

Ans: Phenotype O can b&used as-doon,
for small ransiugions' to, A, B 2nid
A, recipients | Lecause “'aonor’s
aniinodies are, quickiy absorbed by
other tissues o 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 -t en. A Sl [T A

multifactsrdl i irhe I’I'[.inf"

gat *ic-disease'carly 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)

Ans:

Q5
)

.
P

Ans
iii)

Ans
iv)

Ans

Ans
Vi)

Ans
vii)

Ans
viii)

*uDefine . bpisasis
“ghrie‘interaction with examples.

Can a child have more intelligence
(1Q score) than his parents?

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

have more intelligence UQ J(,cra)
than his- pereqts. _

Extensize DUestinns. |
What s ' Incomplute| ‘deniinance?

Exrlin with examples.

\ '\ce“ wicie 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 Ri-
incompatibility.  Also

Rh posiiivie mah. |
(seearticle 22.412.0) |
Explain epistatic

(see article 22.5)

What is a pleiotropic gene? Discuss
pleiotropy with examples.

(see article 22.6)

suggest =,
therapy to_avoid Rh sensi |zat or! of | |
an Rh neJ \tive-mot er-rncr |ed tuan \

Xi)

Ans

T)!

Ars
Xiii)

Ans
Xiv)

Ans
XV)

Ans
XVi)

Ans
XVii)

Ans
XViii)

Ans
XiX)

Ans

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

What ~is ' crossing ‘cver?’ Define

cecombiration‘frgquency and explain
is sianificance..

(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)
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