Chapfer ] 5

principles of Inheritance
and Variation

Chapter Contents

Introduction Introduction

You have studied in the previous section, one of the most fundamental
attributes of all living organisms is reproduction. Progeny receives the
characters from parents in the form of egg and sperm. Because of this
feature, the progeny resembles its parents. For example, a mango seed
forms only a mango plant and not'any other plant, and an elephant
always gives birth only to a baby,elephant and not some other animal.
This has been best summed up in the phrase 'like begets like'. The
. transfer of characters\from parents to offspring is known as
inheritance. Progeny ‘produced resembles the parents closely but is
" not identical in all‘the respects. The reason behind is variation.
Variation is degree by which progeny differ from their parents. The
- branch of %& which deals with the inheritance as well as the
variation“of-characters from parents to offspring is Genetics.

turists (8,000 -10,000 B.C.) knew that one of the causes
was hidden in sexual reproduction. Because of it, they

e crossing and artificial selection. Indian cow (e.g.,

b) is domesticated form of an ancestral wild cow.

estors had very little idea about the scientific basis
tion. -

to demonstrate the scientific basis of
bridisation experiment. But it should
: uct these experiments,

s at one time and
were in fact the
ea conducted by

Scanned by CamScanner



NE e
‘ ET &
86 Principles of Inheritance and Variation AHMZ
. ativum (Garden pea or Edible pea)
1822. He worked on Pisum S
Mendel was born on July 22, in

for 7 Yo
ance in living organisms. 8

(1856—1863) and proposed the law of inherit

enetics experiment, we must know
Before discussing, why did Mendel select pea plant for g What e
difference between character and trait.

Trait

Feature of the individual. e.g., Stem| Distinguishable feature of a character and its
height detectable variant. e.g., Tallness or dwarfness.

Selection of pea plant : The main reasons for adopting garden pea for experiments were as follows -
(1) Pea has many distinct alternative traits (clear contrasting traits).
(2) It produces a large number of seeds and completes its life cycle in one season.

(3) Flowers show self (bud) pollination, so are true breeding.

@)

It is easy to artificially cross-pollinate the pea flowers. The hybrids,thus produced were fertile

Mendel conducted artificial pollination or Cross-|

line is one

Vvorce B Soffae——
% )‘y‘ ('/ b

Gron Zpe,
milar except for one character
plant for carrying out hybridisation

g pea p_lant vari » 8S°pairs which were si

e;ié
del selecte _Characters in pea

ollowing table.

Terminal

|
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Reasons
(1)

(2)

M Trd YV Knm - , R — Yo R g~ ~
i D’d You : - '; g 9 ‘
> 1. Initially Mendel took 34 varieties of pez plants, then 22 but ultimately worked with only 7 pairs

of varieties.

2 Term ‘Pure line’ was coined by Johannsen in 1900.

for Mendel’s Success

4
&
wn

which are a necessity in the genetic studies

(3) Mendel experimented on a number of pi
[
D

mpling size gave credibility to his resuits
sampling J y Suits

(4) He tried to formulate theoreti

pointed to general rules

-

Example 1 :

Solution

State True or False
(1)  Garden pea has seven characters only.
(2) Flowers of Pisum sativum naturally show cross\goffination

(3) A true breeding line shows the stable taitjikeritance.

[%]
U]

«Q

(4) Mendel applied statistical methods andrmaihematica! logic for analy

(1) False

(2) False (:9"

@ Tue @

(4) True \O
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ts is known as

The degree by which progeny differ from their paren
s (2) Variation

(1) Genetics
dit (4) Inheritance
(3) Heredity

Sahiwal cows of Punjab are developed by
(2) Domestication

(1) Artificial selection

(3) Both (1) &(2)
Which of the following genotype represents heterozygous condition?

(4) Mutation

(1 TT (2) tt

(3) Tt 4) RR

How many true breeding pea plant varieties were selected by Mendel?
(1) 14 ()i

@ 21 ) 2 o

o )
Mendel selected Pisum sativum for hybridisation experiments be&éﬁ of
(1)  Clear contrasting characters and short life span ()
(2) Long life span and non-fertile hybrids

(3) Presence of unisexual flowers
(4) Infertile hybrids and production of
Mark the odd one (w.r.t. dominant trait
1) iy
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: CE OF ONE GENE
ERITANCE OF ONE GENE

" study of inheritance of single pair of contrasting traits of a character at a time is called one gene
inheritance. Mendel cro_ssed' true breeding tall variety (6—7 ft.) and true breeding dwarf variety (0.75-1 ft.)

ea plants to study the mhgrltance o.f.o‘ne gene. The plants used in initial cross are referred to as P, and
g or parents. Since pea is self-fertilising, the anthers should be removed from the female parent before
mzatuﬂ()' for the purpose of cross p'olhnationv The method of removal of anthers from bisexual flowers of female
parent plant is called emascu!atlon. The pollens, then at the dehiscence stage, is brought from the male
parent and is dusted on the stigma of emasculated flower. He collected the seeds produced as a result of
this cross and grew them to generate plants of the first hybrid generation. This generation is also called the
filial (offspring) progeny or the F,.

Removal of anthers
(Emasculation)

Parent (P,),
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When Mendel self-pollinated the tall F, plants, both tall and dwarf plants were obtained in F,

generat,
Offspring derived from selfing of the F. are termed as second filial or F, generation. The proporti &

on of DlamS
~ 1 ) /

that were tall were of the F, population while 2 of the F, population were dwarf. We muyst note

here that dwarfness which disappeared in F. generation, reappeared in F,. The tall and dwarf traits i, 3

generation were identical to their parental type and did not show any blending, i.e., all the offsprings were

either tall or dwarf, none were of in-between height. In the example discussed here, cross is performeg

involving single pair of contrasting traits of a character. Such cross is known as monohybrid cross

Parental
X
Tall (P,) ‘ Dwarf (P,)
F, generation X %
I Selfing

| Tall Tall
S

| \/"‘

Tall Dwarf

ohybrid cross
ed the F, generation in which both

F, generation
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n the information that is required to express a particul

ai
cont A that has a particular function, the ¢

ar trait in i
segmem o DN an organism. Chemically gene is a

Ommon being synthesis of polypeptide.
T which code for a pair of contrasting traits are known as alleles j e

me gene Therefore, term gene can be used for any iney are slighty different forms

of the 52 o ‘ : factor but term allele is used with reference t
0 other allele V\{c (L;fm:ﬁ If?b:“;/il Sf»ymbOlS 'or each gene, the capital letter is used for the trait expressez
4t the F, stage ant alphabet for the other trait. For example, if T is used for the 'tall' trait and t for

2 arf” then T and t are alleles of each other. Therefore in pla
77, Tt or tt We should not use T for tall and d for g
whether T and d are alleles of the same character or not.

nts (Diploid) the pair of alleles for height would
warf because we will find it difficult to remember

)
Did You Know?

1. Term ‘gene’ was given by Johannsen while term ‘allele’ by Bateson.

2. Alleles are the abbreviated form of the term “allelomorphs”.

Homozygous and Heterozygous

Mendel proposed that in a true breeding, tall or dwarf pea variety the allelic pair of genes for height are identical,
TT and tt, respectively. This condition was termed as ‘homozygous’ by Bateson and Saunders. An individual
having two different alleles (Tt) will be called hybrid. Bateson and/Sauhders termed this condition as
‘heterozygous’.

Genotype and Phenotype

Genotype is representation of genetic complement of an individual with respect to one or more characters.
e.g, TT, Tt, tt. Phenotype is observable morphological appearance. The phenotypes of an individual is
wned by different combinations of alleles e.g, tallnessgwarfness.

Recessive

on the results obtained in F, generationiendel was able to propose that when two dissimilar factors
1t in a single individual, only one 'g'jble/to express and the other is not. The one that expresses

d dominant factor while whieh fails to express is termed as recessive factor. In other words
at a dominant allele infl the appearance of the phenotype even in the presence of an
/hile recessive al uences the appearance of the phenotype only in the presence of

me recessive parental trait (dwarfness, tt) is expressed without any blending

t when the tall and dwarf plant produce gametes by the process of
parat (segregate) from each other and only one allele is transmitted
umber of chromosomes to one half where a gamete carries only
of a character. The segregation of alleles is a random
containing either allele. In this way the gametes
\e dwarf tt plants have the allele t. During
en (n), and t from the female parent through

‘and one t allele i.e. hybrid or
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¥ Punnett Square
1
The production of gametes(n) by the pe ausre. Punnett o
; lled Punnett sq . . .
stood from a diagram ca 16 calculale the prabability of all
. i, It is a graphical reprasentation ’ ‘ ""f:u,‘
. d C Punne I8 & are written on Iwo sidas . imgle N e
geneticist, Reginald C 20 orose. The possible gemetes are wo sdes, -
genotypes of offspring in a gene .A" ssible combinations are represanted in bores below thes Py
P v n poss
row and female in vertical colurm
which generates a square output form

(& (2n), the formation of the zygoles (Z0) the | aneg §
renis (4

ey

Bojuare was de JOlCaginse] |,’ n‘ t

Wil

W,

% f}f

Lwaif
|
Tall o

Gameles Z( mmeltos
sameles

F, generation &

LR |
< adj
-
Phenotypic ratio : tall -

3 .
Genotypic ratio : TT : Tt 41

1+ 28
Fig. : A Punnett square used to understand a typlcal
Cross conducted by Mendel between trye-

breeding tall plants and
The Punnett square, given in above figure, shows the parental tall TT (mal
gametes produced by them ang the F, Tt progeny. The Fy plant of
gametes of the genotype T an ¢ in equal proportion, When fertil
of genotype T have 4 50% chance to pollinate eggs of the genotype T,
9rains of genotype t have a 59 chance 1o pollinate eggs of genotype T,
Iof random fertilisation, the resultant zygotes can be of the genotypes
L I8 easily seen that 1/4m of the random fertilisations lead to TT, 1.

! wie

IR
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1& All

of one trait over the other that all the F, are tall (thou

inance ! gh the genotype is Tt) and in the F,, 3/
dgrnf the plants are tall (though genotyg\:cally 1/2 are Tt and 1/4™ are TT). This leads to a phenotypic ratio
4f 3(;4"» tall - (1/4 TT + 1/2 Tt) and 1/4"™ tt, ie., a 3 : 1 ratio, but a genotypic ratio of 1: 2 : 1. The 1/4 :
o

42 : 14 ratio of TT : Tt : tt is mathematically condensable to the form of the binomial expression

+ by)?, that has the gametes bearing genes T or t in equal frequency of 1/2. The expression is
ed as given below :

(1/21_ 5 22 = (V2T + 172t) x (12T + 1/2t) = 1VATT + 1/2Tt + 1/4tt

Mendel self-pollinated the F, plants and found that dwarf F, plants continued to generate dwarf plants in Fy
and Fy generations. He concluded that the genotype of the dwarfs was homozygous i.e., tt.

Cross

Test From the preceeding paragraphs it is clear that though the genotypic ratios can be calculated using
mathematical probability, by simply looking at the phenotype of a dominant trait, it is not possible to know
the genotypic composition. For example, whether a tall plant froms F, or F, has TT or Tt composition, can
not be predicted. Therefore, to determine the genotype of a tall plant at Fy Mendel crossed the tall plant from
Fy with a dwarf plant. This is called a test cross. In a typical test cross, an organism showing a dominant
phenotype is crossed with the recessive parent instead of self-pollination. The progenies of such a cross can
pe easily analysed to predict the genotype of test organism.

Example : If we want to determine the genotype of a violet-flowered ped plant (test organism), then it is
crossed with the recessive parent (white-flowered pea plant) instead of self crossing.

Homozygous Homozygous
recessive recessive

—>Ww

Dominant Phenotype
(Genotype unknown)

All flowers are violet

All flowers are Ww

— Nt d
_ Unknown flower is homozyg

Fig. : Diagram

Exam
Ple2(a): piow many types of gam
for one locus? Also men
Types of gametes = 2"
Genotype of organi
n=1 =

Solutign
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Solution :

Id be expected to be axial?

Example 2 (b) : In garden pea the flowers me;;rb; xial (A) or terminal (a) in position. What pmw

the offspring in the following crosses woU
() Aa xAa ‘
(i) AA x Aa |

Aa Aa 3
2N
@

@ @ @ Gametes

()

x

AA Aa Aa aa
(Axial) (Axial) (Axial) (Terminal)
AA x Aa

®/@l\> ® (@ cametes
4 .
- Axial flowered plants = 1 i.e. 100% |

(i)

AA AA Aa  Aa
(Axial) (Axial) (Axial) (Axial)

Try

Yourself

o

(i) What will be the offsp

How many types of gametes are poss wa diploid organism having genotype AaBBCC?
Which of the following genotyp@uoe 4 different types of gametes?

(1) AAbbccddEE 6 (2) aaBbCCdd

(3) AaBbCC (4) Aabb

In Pisum sativum, . yellow

in the following ould be expecte TN

) Ggxgg o
In a cross between a yellow and
F, generation raised by crossi
green seeded pea plants.
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inance: Mendel experimented with gard
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Principles of Inheritance and Variation 95

of en pea for seven characters. In each case he found that:
v Every character is controlled by discrete units called factors

®

{ he faclors ocour In pairs

® .

§ ha dissimilar pair of factors (e.9. Tt), only one is able 1o express its effect that called as dominant factor.
\

The other factor which does not show its effect is known as recessive factor

The law of dominance 18 used to explain the express

sion of only one of the parental traits in a monohybrid
the F, and the expression of both in the F

coss i - It also explains the proportion of 3 : 1 obtained in F,

ion. This law is not universally applicable
gpnﬂ'l‘

Law of Segregation : This law is based on the fact th
widual do not get mixed up (blending) and both the tr
one of these is not seen at the F, stage. During g
regate from each other, so that a gamete carri
ty of gametes Of course, a homozygous par
will produce two type of gametes each h
cable

at the two factors of a character present in an indi-
aits are recovered as such in the F, generation though
amete or spore formation, factors of a pair separate or seg-
es only one factor of a character. This ensures the puri-
ent produces all gametes that are similar while a heterozygous
aving one factor with equal proportion. This law is universally appli-

Exceptions to Mendelian Principles :

(1) Incomplete Dominance: After Mendelism, a few cases were observed where F
intermediate between dominant and recessive phenotype, it mean
the two parents and was in between the two

A good example of incomplete dominance is that of flower colour @apdragon (dog flower or Antirrhinum
majus). True-breeding red-flowered plant (RR) was crossed #Tth trdfe breeding white-flowered plant (rr).
F, offspring (Rr) had pink flowers. Here one allele is inco plet lominant over other so that intermediate
phenotype is produced by F, hybrid with respect fo pafents. If the F, is selfed, the plants of F,
generation are of three types red (RR), pink (Rr) ite flowered (rr) in the ratio of 1 : 2 : 1. In

heterozygous condition (Rr), phenotypic effeché’h lele is more pronounced than that of other and

, Phenotype is
did not resemble either of

then mixing of both colours (red & white) re injthe development of pink colour.
A3
P generation Y

(RR) White (rr)
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The Mendelian concept of a gene controlling a single character has also expanded 10 (ak: lsr::? Iaeccoum
genes which affect several characters simultaneously (pleiotropy). It means in plelortsizé - itsgpo Sgi::e
product may produce more than one effect or control several phenotypes dep‘: that may Contribu?
The basis of pleiotropy is the interrelationship between the metabolic pathway e

les :
towards different phenotypes. Example: anine hydroxylase, resuts

lal
(a) In phenylketonuria, mutation of a gene that codes for the enzyme phenty eduction in hair and skip

; dar
in a phenotypic expression characterised by mental retardation an
N
pigmentation. f the bod
v other parts 0 ¥: Qving
(b) In Drosophila, white eye mutation leads to depigmentation I many

a pleiotropic effect. has two alleles B and b. Starch synthesjg
) s '
(c) The gene controlling starch synthesis in garden pea I arains are produced. In bb homozygotes,

in BB homozygotes is efficient and therefore large s Il.sized starch grains. After maturation
starch synthesis is less efficient, so that pmduce?inskrre% “Heterozygotes Bb form round seeds

ound and bb seeds are Wr ) ; synthesis is considere
g{lts?::zta?; Zfsi?wss 2:2 (rJf intermediate size. Now it 1S clear thé;lts'ifdztraergheéuele is dominant ar?d
Bb seeds show incomplete dominance but if seed shape is CO '
b is recessive.

BB X bb s arain)
(long starch grain) (short starch g

l |
Gametes @

P generation

; Bb :
Hi generation (Intermediate-sized starch grain)

J

Gametes Gametes

Phenotypic ratio: Long: Intermediate : Short
e

v 2 o]
Genotypicratio: BB :  Bb  : bb
2 )

Fig. : Results of monohybrid for size of starch grain
Therefore, dominance is not an autonom {
product and particular phenotype

phenotype.

Explanation of the Concept of
trait. Diploid organisms have two
be identical or non-identical. One o
that it has undergone which n
normal allele produces the
Theoretically, the modified

pon the ger
re than O
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(0]

A non—functional enzyme, or

" o enzyme at al

02 it will produce the same
n-functional enzyme or no
ed (functioning) allele, which

3. Whenacrossis made betyveen pink flowered and red flowered snapdragon plants, what proportion
gaﬂ’" of phenotype in the offspring could be expected to be

() Red (i) White
.. We know that flower colour in snapdragon is an example of incomplete dominance.
. X
% Rr RR ‘
(pink) (red)

\ \
® Q_0® ® ()O |

i) Red (RR) = %: 50% §

*
b |
R Ri i ; = 0o
(Ea%) (Bed) (pir{k@ (il) White ()= 0%

9

ing forms i.e., alleles. But there
: proposed each gene has two contrasting
P :r:‘;l:fl:eag“:r:i:sm v\‘/h';dc?\n:r:' having mor':a t:\an twog:Itemaﬁve forms (allele). Presence of more than two

alleles for a gene is k ple allelism.

blood grouping in human beings.
pARS of the red blood cells has sugar

: : olled by the gene. The gene (1)
mers thg:o ‘ the sayfne genein a pop:Jyla:lon
J v detected only in a
™ it o s o e b
an individual (2n) .
Population g

g
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(3)  Co-dominance: Bosidos incomplate dominance, certain alleles show co-dominance. Here in F hybrig
both allelos express themselves equally and there is no mixing of the effect of the both alleles, ‘herefo,‘

) ¢ s i 6§

hybrid progeny (F,) resembles both parents. The alleles which do not show domlnance-re(;esSlvG
relationship and are able o expres o

s themselves independently when present together are Callgg
co-dominant alleles. The symbols used for co dominant genes oW by

s are different. One method is to sp,
thalr own caplital alphabets, e.g., R (for red hair in cattle) and W (for white hair in ca.ttle)v In anothe,
mathod, capital base symbols are employed for both the alleles with different superscripts, eg., A e

ABO blood group is also a good example of co-dominance For ABO system of blood groups, allg|e n
produces N-acetylgalactosamyl transferase enzyme which recognises H antigen present in RBC
membrane and adds N-acetylgalactosamine to sugar part of H antigen to form A antigen. The allgle ©
produces galactosyl transferase enzyme which adds galactose to sugar part of H antigen to form B
antigen. The alleles 1A and I* produce a slightly different form of the sugar while allele i does not produce
any sugar or antigen. 1" and I1® are completely dominant over i, in other words when I* and i are presen
only 1N expresses as i does nol produce any sugar, and when 1B and i are present, only I® expresses
When both 1A and 1B are present in a person, both enzymes or sugars thus both antigens A and B g
produced, This is because of co-dominance. These antigens determines the type of blood group. Blogg
group A have antigen A, group B have antigen B, AB have both antigens while blood group O do not
carry any antigen. Thus, six genotypes and four phenotypes are possible.
Table : Genetic Basis of Blood Groups in Human Population

Allele from Allele from Genotype of iy tyB;:::if
Parent 1 Parent 2 offspring " offspring
B B P ,@ A
" " PP ANWB AB
" i il - A
" " re | AB =
" " N B B
° i \é‘i " B B
i i i Neither | O
- l 8N S
Example 4 : Select the set of parents th. Q;rproduce child with blood group 'O". ‘_]
(i Pix P |\ (ii) 1B x AA

(iii) i x i (iv) 188 x [Bj

\
Solution : (i) I \&?"i (ii) (B e AA
Q}@ N\ | -

&

PR

A A (A (0

e

(iif) R

© O._® O

P A Teifie i
@ ®w © ©
(i) and (iii)

Scanned by CamScanner



T Human beings have three allel

p for ABO biood arouning: 3
alleles can be present in one ind PooC gouping, P

Widual and 3 gamete? f
i) A child has blood group B. if th r has bi |
) i has peno!g’ o the mother has biood group AB and father blood group A, |

WO genolypes of the parents and the possible genotypes of the other offsprings. |

HERITANCE OF TVVQ GVENES
INHER _——
~ Mendel ad him 10 underetand inf
crosses. THis helped him to understand in

also crossed pea plants differing in two
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BIABD! Princples of Inhertance and Variation
Such phenotypic ratio (2 - 3 : 3 © 1) in F, generation was observed for several pairs of traits that Mendel
studied
Mendsi found that plants of the F., generation have all yellow and round seeds because yellow and round traits
are respectively dominant over green and wrinkled traits. These results were identical to those that he got
when he made separate monohybrid crosses between yellow and green seeded plants and between round
and wrinkled seeded plants

NEET & AllMS

When Mendel self hybridised the F, plants he found that 3/4" of F, plants had yellow seeds and 1/4" had
green. It means, yellow and green colour segregate in a 3 © 1 ratio; just like in a monohybrid cross. Similarly
34" of F, plants had round seeded and 1/4 had wrinkled seeded condition Le., segregation of round and
wrinkled shape traits in 3 - 1: just like in a monohybrid cross

Seed colour
Yeflow(9+3 =12] -
Green(3+1=4) |~
Seed shape
Round(9+3=12) |
=3:1

Wrinkled(3+ 1= 4)

Law of Independent Assortment : Based upon the results obtained in dihybrid crosses, Mendel proposed
a second set of generalisations that we call Mendel's Law of Independent Assortment. The law states that
“when two pairs of traits are combined in a hybrid, : to the other
pair of traits™

The Punnett square can be efiectively used 1 u
factors duning meiosis and the production of eggs (hap

F. plants

Q)
@ seeded trait?
() From the cross Yy x Yyrr, how many wil be pure yellow-wrinkied plants in the resuling
generation?
YyRr

NEET & AIIMS Principles of Inheritance and Variation 107

Now, it is clear that the segregation of one pair of factors will accur independently of the other pair or they
will assort independently. Accordingly. the gametes must carry all possible combinations of the factors
in equal frequency.

Number | Experiment | Types of | Number of Number of | Number of c|
of traits! | genotype | ratio ratio
W«-) @) (gametes)’ @) [53)
1 Monohybrid 2=4 7=2=2 3=3 3:1 1:2:1
cross
(Aa xAa)
2 Dihybnd z 4'=186 Z=a ¥=9 @:1f= (1:2:17
cross 9:3:3:1 2°4:2:1
(haox AsBo)| gy 101201
3. Trhybrid =64 2'=8 3=27 @1y 121
cross
[AaBDCC
L W |
Example 5 : m S9flrm, yeliow seed colour (¥) is dominant over green (y). and round shape of seed

is t over wrinkled (y). Consider that these two pair of genes assort independeatly, then
proportion of the offspring from the cross YyRr x yyrm would expected to have yellow-
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47 What will be genotypic ratio in the F,, generation of a monohybrid out cross?

(1) 9:3:3:1 @ 1:2:1
@ 1:1 @ 3:1
vy it with yellow seeds) and
10. In a cross between two pea plants with genotypes (all pla Tty 18. A cross between F, hybrid and its homozygous recessive parent is called
), what of the offsprings could be expected to be:
(tall plants with green seeds), what proportion () Out cross @) Test cross
Tall and yellow
o (3) Monohybrid cross (@) Dihybrid cross

(i) Dwarf and green

t assortment
11, In an animal, assume that rough coat (R) is dominant over smooth coat (r) and the black (8) 19. Select the correct option w.rt. law of independent assortment
is dominant over white (b). Consider that these two pairs of alleles assort independently then (1) It can be explained by using monohybrid cross
() What proportion of the offspring from the cross RrBb x RRBB would be rough and black? (2) Inheritance of one chagacter is dependent on another character
(i) From the cross RrBB x BB, how many progeny will be homozygous for both of the (3) This law is not af iversally
L il (4) It was propos:

20. Find the incorg

(1) Gamet Pure for a trait
@ i Flower colour in Snapdragon
The phenotype of F, hybrid resembles either of the two parents in @ ssifh gene Expressed i homozygous
(1) Dominance (2) Incomplete dominance @) Inc e dominance Carl Correns.
(3) Co-dominance (@) Intermediate inheritance *

ENES INTERACTION (w.r.t. Post-
Ganes usually function or express themselves singly or individually. But, many cases are known where two
1) Monohybrid crosses (2) Dihybrid crosses s of the same allelic pair or genes of two or more different allelic pairs influence one another. This is
(3) Test crosses Wi olffxtees called gene interaction.
Non-allelic genetic interactions : These are interactions between genes located at different loci on the
Which of the following phenotypic ratio was found by Mendel in F,w-msmmemmme same chromosome or on different but non-homologous chromosomes controlling a single phenotype (o produce
M 3:1 @ 1 3 \ a different expression. Mhmuwmwwmmnmmmi{u

Mendel proposed law of dominance and law of segregation based on his observations on

® 9:3:3:1 @ 12:4
Both phenotypic and genotypic ratio of F are same in )
(1) Co-dominance
(3) Out cross

. The ability of a gene to have multiple
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White Flowers White Flowers Gametes, AB Ab a8 ab
PP AABb | AaBB | AaBb
Parents ccpp l AB | Tranguiar
: o [
@ Triangular | Triangular | Triangular | Trangular
F
Gametes @ X . Cereration AaBB | AaBb | aaBB | aaBb
eneralion  aB | Tnangular | Triangular | Triangular | Trangular
Fy Generstion AaBb | Aabb | aaBb | aabb
Purple ab | Trangular | Triangular | Triangular | Top shaped
se F,Phenotypic ratio : 15 (Triangular) : 1 (Top shaped)
( Fig. : Duplicate genes interaction
. ® ® ©)
N oopr | copp | CoPP | CoPp 3. Epistasis. A gen: masks (hides) the action of another gene (non allelic) is termed as epistatic
@ 3 Puple | Pure gene. The pr calléd epistasis. The gene whose effects are masked is called hypostatic gene.
e CePp | Copp Epistasis is oo tyPes
@| < | e | oefr | S
£, Generation @ e epistasis : Here the recessive allele in homozygous condition masks the effect of
@ PP | CcPp ovfwP” Cv;:l’ allele, e.g.. in mice, the wild body colour is known as agouti (greyish) and is controlled
N Pae | P e o
agene say Awhich is hypostatic to recessive allele c. The dominant allele C in the presence of
@ vele C\?‘i‘ f&? m ' gives coloured mice. In the presence of dominant allele C, A gives rise to agouti. So, CCaa will
- @ be coloured and ccAA will be albino. When coloured mice (CCaa) are crossed with albino
F, phenotypic ratio : 9 (Purple) : 7 (White) (ccAA), agouti mice (CcAa) appear in F,. cc masks the effect of AA and is therefore epistatic.
Fig. : Results of an expenment showing inheritance of flower colour in - Consequently, cc AAis albino. The ratio 9 : 3 : 3: 1 is modified to 9 : 3 : 4. The combination ccaa
Lathyrus odoratus controlied by complementary genes: 2
o i i L ary o e 0D is also albino due to the absence of both the dominant alieles.
2. Duplicate genes F N

1f the dominant alleles of two gene loc: produce the same phenotype, whether i
the 83 3 1 ratio s modiied into a 15 : 1 ratio

Example : The capsues of shephends purse (Capsalz) oocur in two dfflerent
When a plant with Inangular Capsule & Crossed with one having top-shaped
appears. The F, ofisping by se¥f crossing procuced e F, generation with the!
i the 80 of 15 1. Two independenty segregatng dominant genes (A and B
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M Poncples of nhetarce ne rbita pepo, there are three 1ypes of fruit coloy,

summer squash of Ccucul
jominant ove!
e effects of yellow colour gene (Y). So, yelioy

is : In
() Dominant epistas
_ yollow, green and white, Whito colour ' o
over green. Gene for white colour (W) masks e e
the dominant epis!
ol s wzm o is also rocessive (y), e colour of the ruit s green
postalic gen

1 other colours, while yellow is dominan;

resented by s recessive allelg

(w). When the hy)
White Pt - W-Y=W-¥
Yellow Fruit — — Y=
Green Frul - WWYY

A cross between a pure broeding white summer squash, (WWYY) with a pure breeding green
summer squash, (wwyy) ylelds white fruits in the F, generation. Upon selfing of F., the F,

generation comes {o have 12 white frult : 3 yellow fruit : 1 green fruit

Parents White Green
4
+
— ® X ©
F, Generalion L
lSdfmgolF,
Gametes,
me—@ @ @ ®
@ | | e [
5 Whito White White | White
@) vy | Wiy [ WYy | Weyy
White While White.
E ) | ey | ey il | .
o White White. Yellow
Wiy, Wy ww)
@ Whito White o
F, Phenotype ratio - 12 White : 3 Y
Fig. : Dominant epistasis
1
2
3
4
s | .
6

E Kernel colour in wheat. Swedish

NEET & AlIMS Priociolen:ol e >
Example 6 :  What will bo th possible phenolypic ralio if a white flowored swoel pea

to a purple flowered sweet pea plant (CcPP)? plant (ccPP) is crosseq

Solution : ccPP B Cepp
' P
| ——

CcPP ccPp
(Purple flowered plant) (White flowered plant)
ie., the phenotypic ratio = 1 : 1

Parents

- Gametes

Progeny

istinct in their occurrence and are spread across a gradient. For example, in humans we do not just have
|urmnmammmammbmammdmhmwmmm

rolled by two or more genes and are thus called as polygenic traits. The inheritance of polygenic traits
led polygenic or quantitative inheritance.

litative inheritance, the dominant alleles have cumulative effect, with each dominant allele expressing
a part of functional polypeptide and full trait is shown when all the dominant alleles are present. Genes involved
in are called

H. Nilsson-Ehle (1908) and East (1910) demonstrated
quantitative traits, e.g., Kernel colour in wheat and

kerneled variety of wheat. Gi o
 parental generation. When members
asses appeared in F, shov
extreme red
 red (Dark red)

 red
("

e
S Gl vim)
that the
© the red
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Skin Colour in Man
The presence of melanin pigment in
the individual is determined by three (two also) pairs of genes. These genes
and each dominant gene is responsible for the synthesis of fixed amount of melanin. The effect of all the genes
is additive and the amount of melanin produced is always proportional to the number of dominant genes,
Subsequent studies after Davenport have shown that as many as six genes may be involved in controling
the skin colour in human beings. As shown in table, the effect of all the genes is additive (The character is

assumed to be fixed by three pairs of polygenes)

the skin determines the skin colour. The amount of melanin developing in
are present at three different loci

White Negro / Black
Rl TRBEC Parents
(Very light) (Very dark)
N +
i Gametes
AaBbCc
Intermediate (Mulatto) F, generation
1 Marriage between
mulatioes
Gomeles =+ agC a8C AbC abC ABc Abc aBc abe
ABC AABBCC AaBBCC AABLCC AaBbCC AABBCc AABbCC AaBBCc AaBbCc
Verydark | * Darx Dak  Faryowk  Dak  Farlydark | Farlydark
a8C AaBBCC 2aBBCC AaBuCC AaBbCc #aBBCc aaBbCc.
Dok | Fartydak | Fary dax Fauly dark  Intermediato | Intermediat | Fairy lght
AC AABBCC AaBbCC AADDCC AabbCC AABbCC /AADBCC ‘AaBbCc AabbCe
Dark Farlydark | Fary s inemnediste  Faity dark Intemediate | intermediate | Fairy light

- ASBICC | asBbCC | AsbbCC  @sbbCC  AsBBCc  AabbCo | saBbCc
Fairy dark. |Intermediate | Intermediate  Farlyight  Internediate  Fairlylight | Fairylight | ~Light

AABBCc | AaBBCc | AABECC  asBrCc
Dark | Farydark | Faiy dark  Intemediste

abc  MBeCo | AmdiCo | AMbCe  AmeCo
Fairly dark [ Intermeciate | intermediate  Fatty gt

AaBBCc | aaBBCc | AsBbCc  eaBbOc
Fauny dak [ intermediate | Intermediate  Faly light

AagbCc | saBtCo
Tnermedate | Fary lght

NEET & AlIMS Princples of Ihertancs and Variaion ST
The frequency distribution for skin colour can be represented either as a histogram or in the form of a ball
shaped normal distribution curve. Looking al the histogram, it can be concluded that 1 pelygt.

i the extreme are rare and the ones are more frequent, o
Some other example of quantitative traits are cob length in maize, human inteligence, milk and meat
production, height in human and size, shape and number of seeds and fuits in plants
(@) Number of phenotype for polygenes = 20 + 1
(b) Number of genotype for polygenes = 3", where n represents pair of polygenes

-

Example 7 - Calculate the sum fotal of phenotypes and genotypes in F, generation if a characer is controlle
by 2 pair of polygenes

Solution :  Number of phenotype for polygenes = 2n + 1

@x2+4=5

21. Select the odd one out w.r.t. non-allelic gene interactions
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es of Inheritance and Variation
BB} Princple The bivalent chromosomes align on the equatorial plate in metaphase .

27, Which o the folowing genatype of sweel pea plant is related with the producton of purple coloured flovers? o \n anaphase-|, the homologous chromosomes separate whille sister chromatids remain associated at their
) cePp @ CCw 0 Ceriromeros.
{8 ockb “ o ) Anaphase|l involves the spitting of centromere of each chromosome and movemen of chromatds fowards
28, Select the 0dd one out w.r.. polygenic inheritance opposit poes of the cell
(1) Bell-shaped curve is obtained () Ao called quantilative inheritance i) Meiosis results in 4 haploid daughter cells from one diploid parent cell
(3) Recessive alleles show cumulative eflect  (4) Intermediate phenotypes are more frequent ‘ L
29 Select the correct match (w.r.t dihybrid phenatypic ratio in F, generation) IS Meioss | (Haploid)
(1) Recessive epistasis 12:3:1
(2) Dominant epistasis 9:3:4
@ Colaborative gene 9:3:3:1
(4) Duplicate genes 9.7
30, Skin colour in man is controlled by
(1) Three pairs of polygenes ) Duplicate genes
) Six pairs of polygenes (@) Supplementary genes

During meiosi
Chromosomal Theory of Inheritance

Mendel started his work on pea in 1856 and published it in 1865. His work did not receive any recognition,

it deserved, til 1900. Mendel work remained unnoticed and unappreciated for several years due 1o following Heterozygous (RrYy) diploid
reasons: cell from a plant with round-
% s yellow seeds
(a) Communication was not easy in those days and his work could not be widely publicised. Limited
circulation of the "Proceedings of Brunn Natural Science Society” in which it was published. P
(b)  His concept of stable, unblending, discrete units or factors for various traits did not find acceptance from
the contemporaries like Charles Darwin and AR Wallace as an explanation for the apparently continuous 4 oo
variation seen in nature Possibility - | Possibilty - |:‘ e
; (Chromosomes with R and Y (Chromosome with y
(¢) His approach of using mathematical and statistical analysis to explain biological phenomena was totally at one pole and chromosomes atone chromosomes.
new and unacceptable to many of the biologists of that time. with rand y at other pole) with rand Y at other pole)

He could not provide any physical proof for the existence of factors or the material they were made of.
Non-discovery of chromosomes, mitosis and meiosis at the time of Mendel's work. -

Mendel died in 1884 long before his work came to be recognised. In 1900, three
rediscovered the principles of heredity already worked out by
de-Vries of Holland, Carl Correns of Germany and Von Tschermak of Aus

Also, by this time due to advancements in
observe cell division. This led to the discovery of
just before each cel division. These were named

leevesmdadmaow~moeuwdu:ﬂmhm
®
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Oivomasonal theory of inhentance was proposed independenty by Sutton and Boverl. The Iwuw‘\u‘\,.,v\ foung
: habs . hehaviour of chromasomoes while p
sion of hereditary traits and behaviour p

@ clowe wimiaity betweal) the transoission o chromosornor whio
from one generation o the nax! thiough the agency of gametes. Sutton united the kiowladge of chomasony
wgreget S wiih Mendeian princilos and called 1 the chromosomal thoory of inheritance. The wallong
features of chromosomal theory of inheritance are ax follows

ing

() Like the hereditary traita the chromosomes retain their number, struckire and individuality tiaughy
the lite of an orga
behave as units.

m and from gener

tion o gonaration. Tha two neithor get 105t nor mixed up. Tyg,

(1) Both chromosomes

s well as genes ocour in pairs in the somatic o diploid colls. The two allelag

of
@ gena pair are localed on | on homol e « Both chromosomas as woy
a8 genos segregate at the time of gamete formation such that only ono of each pair is ransmiltd 1,
a gamete

() A gamate contains only one chromosome of a type and only one of the two allelos of a froit

) The paired condition of both chromosomes as well as Mendelian factors

rostored during fortilization
Thus, homologous chromosomes synapse during meiosi
difforent colls which establishes the quantitativo bas
factors

and then separate or seqregate independently into
grogation and independont assortment of hereditary

for

Experimental verification of the chromosomal theory of inheritance by Thomas. Hunt Morgan and his
Solleagues, led to discovering the basis for the variations that sexual reproduction produced. Morgan worked

With the tiny fruit flies, Drosophila melanogaster, which were found very suitable for such studies,

as material for
Fruit fly Drosophita is a tiny fly
Drosophila is suitable
(0]

Genetics

of about 2 mm size which is found over ripe fruits like mango and banana.

as experimental material because of following reasons

It could be grown on simple synthetic medium in the laboratory

(@ The fly has a short lfe cycle of about two weeks. The fruit iy can be bred throughout the year so that
fumerous generations can be obtained in a single year.

(i) A single mating produces hundreds of affspring

() Females are easily distinguishable from the

males by the larger body size and presence of ovi
(egg-laying structure)

itor

() Ithas many types of hereditary variations that can be seen with
(i) It has hy (dissimilar) sex chy
chromosomes can be easily studied from one

in the male

generation

o

NEET & AIMS _Prine d Variation 448
xample 0 < Can you toll which of thoso columns A or B reprosent the chromosome and which roprasent the |
gona? |
Galumn A
|
Ocour in pairs Ocourin pairs |
Segrogato Al the tima of gamoto | Segrogate at gamets formation and
formation such that only one of each only one of sach pair is transmitted 10 a
pair i transmittod to o gamoto gamole
Indepondont pairs segregate | One pair sagregates independently of |
independontly of each othor another pair. |
Solution Column (A) = Chromosome \
Column (B) = Gene \
om—

Try Your; »

1, Vr False (w.r.t. Chromosomal theory of inheritance)

(i) Both chromosomes as well as genes occur in pairs in the somatic cells.

Both chromosomes as well as genes segregate at the time of gamete formation such that
complete pair is transmitted to a gamete.

(iil) Chromosomes are the carriers of Mendel's factors.

*

(iv) The paired condition of both chromosomes as well as Mendelian factors is restored qu
microsporogenesis. %

15, Fill in the blanks (w.r.t. experimental material used by Morgan)
() Females are easily distinguishable from the male by the __
(i) It has many types of hereditary vari

Linkage and Recombination
According to Mend
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W14 Principles of Inheritance and Variation
n both of the crosses (A and B), he observed that the two genes did not segregate independently of each

other and the F, ratio deviated very significantly from the 9 : 3 3 - 1 ratio. Phenotypic ratio as 9: 3 : 3
1 in F, generation is obtained in dihybrid cross if both genes are showing independent assortment

Yellow body (y) Morgan and his group knew that the genes in both crosses were located on the X-chromosome (i.e., same

White eye (w) chromosome). In both crc:slses. Morgaz 1clund out that proportion of parental gene combination was much
-par ne combinations

Miniature (m) higher than the non-parental ge mbinati

Brownbody (¥)
Redeye (W)
Normal (m’)

Body colour
Eye colour
Wings

Cror
Q CrossA g Q 5B g Parental type
Recombinant type
. - - tal type)
e o i el o (non-parent
Parental e =
> —
yw L4 w m L4
S Yl b bcliin Morgan attributed this e physical association of the two genes and coined the term linkage to
jation of genes on same and the term nation o descibe.

descrive this phy;

Q g ] + g the generation
i Morgan offerved that fecombinant types were low (1.3%) in cross A as compared to cross B, it means genes

ellow body were very tightly linked. Genes for white eye and miniature wing were loosely

parental gene combinations.

y w yw w
F, generation = > = — for white &Y an
VW 14 e > linked as they"showed comparatively higher recombination (37.2%). Now it is clear that when genes are
s b fucto White, miniature rodbed oifsame chromosome, some genes are tightly linked while some are loosely linked.
- AITgaSturtevant (student of Morgan) used the frequency of recombination between gene pairs on the same
* rom@some as a measure of the distance between genes and 'mapped their position on the chromosome.
Parental Recombinant Recombinant .
types (98.7%) types (1.3%) types (37.2%) "wo genes show higher frequency of crossing over if the distance between them is higher and lower frequency
: if the distance is small. Today genetic maps are extensively used as a starting point in the sequencing of
e R S whole genomes as was done in case of the Human Genome Sequencing Project
[T P Chromosomal Mapping
yw y w Crossingoverismmhmﬁngmmscnmm.mmmwwm“
=; — mmm,nbmmmmmmmvaﬁmwmiwwﬁ ;
b terms of recombination frequencies or cross over values (COV). ge
Yetow, whie yeoeia : no i e
F, generation b ofh D T
yiw
yw
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. R
? Ry
Knowledge Cloud ; VP T e 31. Select the odd one out w.rt. chromosomal theory of inheritance
1) It was proposed by Sutton and Boveri
haracters and there are seven pairs of chromosome (

initially thought that Mendel selected seven c! : o :

e was'dA ’ )i,d ngn pea. Thus these genes that could have been distributed on different chromosomes, (2) Behaviour of chromosomes s parallel to behaviour of genes
in each diploid cell in pea.

(3) Chromosomes and genes occur in pairs in diploid and haploid cells respectively

i . Detailed investigations
Biblied idapendent assoriment, and their selection as 2 mater of lck e s (4) The paired condition of both chromosomes as well as Mendelian factors i resored duing frizaion

Blixt on pea led to the location of genes for Mendel's seven selected characters on four different

32 The term gene for Mendelian factor was coined by
two on 1, three on 4 and one each on chromosomes 5 and (1) Sutton & Boveri (2) Morgan
7. Of the two genes on chromosome 1, they are so distantly located that no linkage is normally observed, (@) Bateson @) Johannsen
Similarly, two out of the three on chromosome 4 are very far in relation to the third to show any linkage. 33, Morgan used Drosophig,as experimental material because
This leaves only one gene pair: full vs constricted pod and tall vs dwarf plant height which ought to have (1) It cannot be re: am‘§5d under lab conditions
shown linkage. (2) A single maf ices’ very few offsprings
(3) It has high numier of morphologically similar chromosomes.
@) Ithas, jfe $pan
Gene of flower Pod  Plant 34. Who e eral dihybrid crosses in Drosophila to study genes that were sex-linked?
position shape height T @ fforga (2) Sutton
(Chromosome number 4 in garden pea) ) (4) Punnet

it L
If one goes through Mendel's published data, this partcular combination i., pod shape and plant height |
has not been mentioned at all, presumably because such a cross was never made. It thus s as.
1o why Mendel did not run into the problems of inkage

354\ Female Drosophia is

1) Smaller in size than male
Larger in size than male

(3) Larger in size with shorter life span than male

(4) Having heteromorphic sex chromosomes

2. Number of linkage group is equal to haploid set of chromosomes.

[ A DSk v bl el ol B = Find the odd one out w.r.t. complete linkage
Example 9 :  Give the answer of following questions if in a fest cross AaBb x aabb, 87.4% of the p

like parents.

() Are the genes linked?

(i) s there any crossing over between the genes?
Solution : () As parental types are 87.4% (or > 50%) and non-parental types

means genes are linked.

Yes. Crossing over leads to recombination (generation of
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\ |‘
X X

SEX DETERMINATION 4 B S o

Eetabishment of sex through differential development in an individual at an early stage of life is called sey
jes for this purpose. Some organisms like turties rejy
Sex of human beings and insects

determination. Different species use very different strateg
factors such as for sex

entirely on
jike grasshopper, firefly, Drosophila etc. is determined genetically. The initial clue about the genetic or

of sex can be traced back to some of the experiments carried out
in insects.

1. Chromosomal basis of sex determination: The foundation of this type was laid down by Henking (1891), Q

He traced a specific nuclear structure all through spermatogenesis in a few insects. Henking also observed
that only 50% of the sperm received this structure. This structure was termed ‘X body' by him, but he could | |
not explain its significance. Further investigations by other scientists led to the conclusion that the X body
X X
Y

was actually a chromosome, therefore it was given the name Stevens (1902) di Y- .,
chromosome. X and Y chromosomes named as sex chromosomes by Wilson and Stevens (1905). “
.2 D tion of sex by diffe (a b
Chromosomal basis of sex-determination is of the following types :
Bol umans and in Drosophila, the female has 2 pair of XX chromosomes
a) Male hete: < In thi le indivi ¥
(@) et roq.amety is type male individual produces two different types of gametes. Thus, the omogametic) and the male XY
sperm determines the sex of the offspring. It involves two types of sex determining mechanisms; XO type 4
ation in Humans : Human beings have 22 pairs of autosomes and one pair of sex

and XY type. Sex,Determin
he ova (haploid) formed by female are similar in their chromosome fype (22 + X).

somes. All t

() XO type (XX - XO type) : It is observed in large number of insects e.g., Grasshopper. Number of c':.:;z,: females are homogametic. Male individual produces two types of sperms during the process.
cheemasornes are Jferent 1 e 1 spermatogenesis. 50% of the total sperm produced possess the X-chromosome and the rest 50% has
-chromosome besides the autosome. There is an equal probabilty of fetisation of the owm @2+%)

with the sperm carrying either X or Y chromosome. Ilovumlerﬁisoswm('d*x)lw!wl\ew

\ | devsdopsintoaf:mule(M*XX)andmelafﬂﬂsaﬁmdo\nmwimm+V)Iwﬂmt—ﬂﬂll

AA+XO
(Male) 28
male individual (44 + XY). Thus, genetic makeup of the sperm determines the sex of the chid. Itis also

Glear that in each pregnancy there is always 50% or 1/2 probabil am;:-lﬂi- ¥

X

A+ A+O
(sperm)  (sperm) iy ofeither 8 male

50% of the sperms bear X-ct
become females while those f
determines the sex
determination, it wa
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AA+ZZ x AA+ZW
(Male) (Female)

i i A+Z  A+Z A+Z
In human beings, Y-chromosome carries a gene Sry (se?( determining region) which codes for a (spévm) (sporm) (o:a] o)
product called testis-determining factor (TDF). TDF is required for the development of male sex and
its absence leads to the development of female sex.

AdwW

A+Z A+W

Example 10 : State True or False (w.rt. following diagrams)

An
% % Fig. : ZW type sex determination in birds (chicks)
A\ \
Malg mal

ale Eomale (i) 2O type (20-2Z : In butterflies, sex-determination is exactly opposite the condition found in
() During gamete formation, only 50% of the sperms bear X-chromosome. grasshoppers, e feMales produce two types of eggs (A+Z and A+O type).
(i) Both male and female individuals have same type of sex chromosomes. Different systeméase of can be as:
Solution: () Tre
(i) False
- | ploleg A+ X (50%)
og. Gassnomper. | a4 0 (s0%)| AKX (100%) | AA+XO | AA+XX
Dioscorea
figeroerelic |.xvdl, o A+X(S0%)| o4y (100%) | AA+XY | AA+XX
grasshopper is b { Fiomo sapions timansy | A+ Y (60%)
(1) Male individual is heterogametic due to two c | W'gmm A+2Z(50%)
i i w! +22 | AA+ZW
(2) Sperm determines the sex of offsprings. i ASZ(100%) | L\ isgegy | AA
heterogametic
0% A+Z(50%) +20
e.g. Butteries, Motn | A*Z (100%) ARZZS A

(b) Female heterogamety : Female individual produces two d ¢ o i n -

determines the sex of the offspring. It involves two types of sa % g

20 type.

() 2ZW type (ZW-2Z type) : In bids, both the sexes |
beings, the females contain heteromorphic sex

sex chromosomes. Because of having
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2. Non-Aliosomic genetic sex determination : Fertiity factor of plasmid in bacteria determines sex < LINKED INHERITANCE

inati by C.B. Bridges. According to

g ic Balance or X/A Balance Theory of Sex Determination : Given by 4 10 him
2 [v;'c:ycomos::m plays no role in sex determination of Drosophila and it is the ratio between number of X Sex linkage was discovered by Morgan, while working on inheritance of eye colour in o, 144

chromosome and set of autosomes which determines the sex of fly. three types of crosses Drosoph made

mrwasume Constittion XA ratio Sex Index Cross -1 : The white eyed male (w) was crossed with red eyed (') female. Al he fies of £, generation
A 300X 32-150 | Super?® found to be red eyed. F, flies were allowed to self breed. In F, eneration, both the trais of red eye and e
AA + XX 2/2=1.00 Normal ¢ eye appeared in the ratio 3 - 1 showing that white eye trait is recessive to red eye rait
AAA +XXY 203=067 | Intersex Red eyed femaie S oy
AA +XY 1/2=050 Normal d (Fertile) Parents
AA + XO 1/2= 050 ' (Sterile) v
AAA + XY 1/3=033 Superd’ l
It was concluded that X/A ratio of > 1.0 super 1.0 below 1.0 and
above 0.5 intersexes, 0.5 maleness and < 0.5 supermaleness. . .
geRegatior w -
Gynandromorphs: Gynandromorph is a sex mosaic (an individual with one half of the body male and the
other half female). These are common in Silk moth and Drosophila. Gynandromorphism is developed due to hiad g 4 e'm W'e
accidental loss of X-chromosome from a 2A + XX cell during mito
Gynander : A gynander may be male or female with patches of tissues of other sex on it
a ism of Sex i : This. is observed by F. Baltzer in Bonnelia e on &g '
virdis (matine worm). In this organism, the sex s undifferentiated in larva. The larva which settle down in mud,
grow up into mature female while those which settle down near the proboscis of female and become parasite * S mem Mw b=
develop into male. It has been demonstrated that female secrete certain hormone which induces sex in larva. )
Crepidula and Ophryotrocha also show such mechanism male Drosophila.
- : ig. : Cross 1 of Morgan — Involving red eyed female Drosophila and white eyed
Example 11 : Find out the incorrect match F, generation consisted of only red eyed flies. In F,, generation all female flies were red-eyed. 50% of the

male flies were red eyed and the remaining 50% white eyed.

Cross - 2 : Red eyed females of F, generation were crossed with white eyed male. It is similar to test cross
where hybrids are cross bred with recessive parents. Morgan obtained red and white eyed female as wel as
= male in equal proportions— 1 red eyed female : 1 white eyed female : 1 red eyed male - 1 white eyed male.
) ®) mumwmmmmurmmmbmmm
(1) A~ Homogametic. @ B= Fomaalchic
(3 A- Sex determiner
Solution :  (3)
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Red ayed male

White eyed female

Al females - Red eyed
White eyed  All males - White eyed
male

e
Redeyed Redeyed White eyed
for female male
carrier)  (carrier)

Fig. : Cross 3 of Morgan — Involving white eyed female and red eyed male
showing criss-cross inheritance in Drosophila

Taking all the crosses into consideration, Morgan came 1o the conclusion that eye colour gene is linked to sex

and is present on the X-chromosome. X-chromosome does not pass directly from one parent to the
i i ie., itis from one sex to the

offspring of the same sex but follows a
offspring of the opposite sex_In other words, in criss-cross inheritance a male transmits his traits to his
grandson through daughter (Diagynic), while a female transmits the traits to her granddaughter through

her son (Diandric).

The genes of these traits are

autosomal and found in both

sexes but express in one sex | the sex of the bearer. These traits

only. appear more frequently in one
sex thanin the other.

Exampl

(i) Mikglandsin female

(i)) Beardinman

(iii) Deep male voice

(iv) Antlers in male deer

(v) Brilliant plumage in pea-cock

(vi) Female ormale musculature

Sex Linkage in Human Beings
Colour blindness and

T8 AIMS
- Principles of Inhertance and variation BSIE

Mark the incorrect pair (w.rt. sex determination)

43
(1) ZW-ZZwpe -  Fishes
@ ZO-ZZtye Birds
(3 XxXOtpe -  Dioscorea
@) XXXYtpe - Melandnium
44, 50% sperms are devoid of sex-chromosomes in
(1) Melandrium 2 Moth
(3) Grasshopper @) Bee
45. In the XX-XO type of sex
(O
@
&
@
46. Selecflthe odg one out w.rt. genic balance theory of sex-determination in Drosophila
(1) Y- some plays no role in sex-determination

Gfllen by C.B. Bridges

If X/A ratio is one, superfemales are produced
(@)} 1f XIA ratio s less than 0.5, supermales are produced
of ination is seen in

(2) Crepidula dof W
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26 Principles of Inheritance and Variation
() Translocation : It involves shifting of a part of one chromosome 1o another non-homologous
MUTATION S = . —— So new are formed, as this induces faulty pairing of
——mmn discontinuous variation in genotype and DhEnolvpe of an organism due to change j, chromosomes during meiosis. An important class of translocation having evolutionary Sl
o mes and genes. I additon Lo recombination, mutation is anofher phenomenon that eads (o variai Known as or which involves mutual exchange of
romosor .
in DNA. Depending upon the cause, mutations are of three fypes chromosome segments between , Lo, s g
Chronic myelogenous leukemia (CML) occurs due 10 transiocalion of segment of long arm from
1. Gene Mutation 2210 9 22 s called
It s alteration of DNA due to change in nucleotide sequence. Gene mutation may occur due to change i 5 ) Inversion : Change in linear order of genes by rotation of a section of chromosome by 180°. Inversion
single base pair of DNA, known as point mutation. A classical example of point mutation s sickle cell anaemiz @ occurs frequently in Drosophila as a result of X-ray irradiation. They may be of two types
oceurs by foll .
Change in more than one nucleotide pait i called gross mulation. Gene mulaton oocurs by following methods () Paracentric : Inversion without involving centromere (Inverted segment does not carry centromers).
() Frame-shift mutation it Inversion involving centromere.
(i) Pericentric : Inv g
(i) Deletion : Removal of one or more bases from nucleotide chain.
. tic Mutation :
(i) Insertion or addition : Addition of one or more bases in a nucleotide chain. 3. Genomal
Itis change in chrom r that bring about visible effects on the phenotype. It is of two types:
(b) Substitution. The replacement of one base by another. It is of two types:
. loidy |
() Transition : When a purine base (A or G) s substituted by another purine base or pyrimidine base (a) Aneuploidy
(T or C) is substituted by another pyrimidine base.
(i) Transversion : Substitution of a purine base with a pyrimidine base or vice versa.
Gene mutation may occur naturally and automatically due to intemal reason. They are named as spontaneous
mutations. However, they are produced by external physical or chemical factors. These factors are named
as mutagens that are used to create induced mutations.
Chromosomal Aberrations

Chromosomes are made up of proteins, DNA and RNA. Each chromatid possesses one. Mhek that runs,
continuously from one end to the other. In chromatids, DNA is present in a highly’
loss (deletions) or gain (insertion/duplication) of a segment of DNA, results in
We know that genes are located on chromosomes, so that alteration in d
or aberations. These are commonly observed in mreelsmw

(a) Deletion : Occurs when a part of the chromosome is lost. It can'

single break in the chromosome. During intercalary delefion
of a chromosome due to double break.
ABCDE F

TERMINAL
DELETION

INTERSTITIAL
DELETION
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: sels of cl nly during DNA repli
+ or more haploid sets of chromosomog DNA on

a ba r it occurs due 1o variation in one of &

chfomosomes in a basic set o

mutations. The base analogue
Accordingly, these may be haploidy and polyploidy. 5.methyl cylos

and are incorporated into
mispairing and eventually give rise o
N; hiat

may eithe 1 or arifi ural bass analogues include
16, 5-hydroxymethyl cytosine, 6-methyl purine

A

() Haploldy : One set of chromosomes. Haploids are beter for mutation experimental studies, becaysg

The most commonly used artificial base analogues are 5-bromouracil and 2-aminopurine
"l mutations either dominant or recessive can express immediately in them. as thero is only one 5-bromouracil is a structural analogue of thymine. It gets incorporated into the newly replicated
allele of each gene present in each cel DNA in place of thymine (T). 2-aminopurine is an artificial &

i) Polyploidy : More than two sets of chromosomes. Failure of cylokinesis after telophase stago of
cell division resulls in an increase in a whole sel of chromosomes in an organism and this

nalogue of adenine. It acts as

a substitute of adenine (A) and can also pair with cytosine (C)

- 1
Sive one word for the following

phenomenon is called as polyploidy. It is often seen in plants. In case of animals, polyploidy usually Example 12 : Give one g |
results in sterility. Therefore polyploidy is rare in animals. Polyploidy fall into two major categories- () Phenomenon which results in alteration of DNA sequences and consequently results in |
autopolyploidy and allopolyploidy. anges In the genotype and the phenotype of an organism, |
Mutagens (i) Type of mutation that arise due to change in a single base pair of DNA 1

Mutations can be artificially produced by certain agents called mutagens or mutagenic agents. Following are Solution : ()  Mutation

two major types of mutagens Gy Point mu
: —— . - - - —_—

(1) Physical mutagens

)

Radiations are the most important physical mutagens. H.J. Muller who used X-rays, for the first time,
o increase the rate of mutation in Drosophila, opened an entirely new field in inducing mutations. So,
Muller i considered as father of Actinobiology

The main source of spontaneous mutations are the natural radiations coming from cosmic rays of the sun.

The spectrum of wavelengths that are shorter (ie., of higher energy) than the visible light can be
subdivided into following two groups

u.wsm.ﬂmwnaual mutations, They have also been called
utations occur at a frequency of 1 x 10 in nature. Induced

(a) lonizing radiations rved In organisms due 1o ultra

(b) Non-ionizing radiations jents which induce

They occur in small amounts in the and are known as radiations.

The following are biological effects of radiations
(a) Effects of ionizing radiations : The lonizing radiations include X-rays, y-rays, o-rays and §
lonizing radiations cause breaks in the chromosome. These cells then show abnormal
If these include gametes, they may be abnormal and even die prematurely, Different types
may resul due o radiations. The frequency of induced mutation is directy proportional |
of radiations i &
Effects of ing radiations : The ing radiations have longer
lower energy, This energy is insufficient to induce ionization, Therefore,
s UV light do not penetrate beyond the human skin. Thymine (pyrim
major mutagenic effect of UV rays that disturbs DNA double helix and
Chemical mutagens : Large number of chemical mutagens are now. /
radiations. The first chemical mutagen used was mustard gas by C.
Chemical mutagens are placed into two groups :
(a) Those which are mutagenic to both replicating and
(b) Those which are mutagenic only to replicating ONA,
Following are the effects of some of the

z
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Pedigree Analysis
(Method of study of human genetic disorders)
iher iving organisis. also follow the principles of inheritance but common Mendelian

Human beings, like of
following reasons

experiments cannot be carried out over us due to
() Controlled crosses are not possible in human beings.

(i) Number of offspring per couple is small
Because of the reasons described above, human geneticist has to resort to slightly different methods of
genetic analysis Such an analysis of traits in a several of generations of a family is called the pedigres
analysis. In the pedigree analysis the inheritance of a particular trait is represented in the family tree over
generations. It is useful for the genetc counseliors to advice intending couples about the possibility of having
children with genetic defects like haemophilia, colour biindness, phenylketonuria, thalassemia, sickle cell
anaemia (recessive traits). myotonic dystrophy and polydactyly (dominant traits)

A family tree or igree is drawn up using certain standard symbols. Some of the important symbols are

as follows
O Unaffected male

O Unaffected female

Q\ Sex unspecified

[ T} . Affected individuals

Mating

Mating between relatives

(consanguineous mating)

Parents above and
children below
(in order of birth-left to right)

Parents with male child
affectod with disease

NEET & AlIMS Principles of Inheritance and Variation 431

i - —
Example 13 © In the pedigree given below, indicate whether the shaded symbols indicat

Solution :

te dominant or recessive |

|

allele. Also give genotype of the whole pedigree.

12 3 4 5

l
\
\
|
|
\

| appears in all the offsprings, father must be homozygous dominant while

therefore, be heterozygous (Aa). This is further confirmed by marriage of Il - 1
jous recessive (Aa x aa = 2 Aa, 2 aa) and bearing children of both the parental types.
Marriage of Il - 3 with the homozygous recessive can produce both recessive and heterozygoles

present here.

| AA
* 2
T Aa A2 Aa Aa
1 2 3 4
m aa Aa aa Aa aa
1.2 S s A8,
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black. The gene responsible Most colourblind people cannol tell the difference between red or green. That does not mean that |
T Talowing pediaree chart, (e mutant rat I shaded g ok cannot do their normal work. In fact, they can also drive - they leam o respond o the way the \mr;yc
trait is signal lights up the red light is generally on the top and green is on the bottom.
if a colourblind man (X°Y) marries a gil with normal vision (XX), the daughters woud have normal vision
but would be carrier, while sons would also be normal (shown in cross(a))
Cross (a)
Normal woman Colour blind man
Parents > < |
comees (D) @
Ova Sperms
(1) Dominant and X-finked
(2) Dominant and autosomal or dominant and X-linked
(3) Recessive and X-linked
i
(4) Recessive and Y-linked offs 2 cartr it .
XY XY
Types of Human Genetic Disorders @ Normal boy Normal boy
We know that each and every feature in any organism is controlled by one or the other gene located on the It themrrier WP heterozygous for colour blindness, X°X) now marries a colour blind man XCY, the
DNA present in the chromosome. DNA is the carrier of genetic information. It is hence transmitted from one offsiting wllld show 50% females and 50% males. Of the females, 50% would be carrier for colour
generation to the other without any change or alteration. However, changes do take place occasionally. A blindni d the rest 50% would be colour blind. Of the males, 50% would have normal vision and the

number of disorder in human beings

have been found to be associated with the inheritance of changed or 50% would be colour blind (shown in cross (b)).

altered genes or chromosomes. ‘w

2. Mendelian Disorders &)
= SERERaIKIs0rder Carrier Women Colour blind Man

These are mainly determined by mutation in the single gene, therefore also called gene related human [ @

disorders. They are transmitted to the offspring as per Mendelian principles. The palier of inheritance of such o X

disorders can be traced in a family by the pedigree analysis. Some common and prevalent Mendelian disorders |
O
Ova

are as follows,

(1) | Haemophilia Recessive
2) | Colour bindness Rocossva | Xdinkied
(3) | Sickio collanaemia | Recessve | §
{4) | Phenylketonuria = |
©) [ Cysto frosss | 9
(6) | Thalassemia g
(7) | Myotonic ¢

(a) mmm

nqq:t‘: " %
I w }
Sy
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Normal Man

n Phenylketonuria : This inborn error of metabolism is also inherited as th
Camet ol @ e affected individual lacks a liver enzyme called phenyialanine nyumx;v:s:u\‘:: liﬂfﬁ!i.'&i"
acid phenylalanine into tyrosine. As a result of this phenylalanine is accumulated and comveorcd o
phenylpyruvic acid and other derivalives. Accumulation of these in brain results in mental retargation
These are also excreted through urine because of ts poor absorption by kidney

Parents

(e) Thalassemia : Thalassemia is a recessive autosomal genelic defect, originated in Medierranean region

Ova ~ by their mutation or deletion recessive autosomal. Thalassemias are a group of disorders cased by

@ defects in the synthesis of globin polypeplide in RBC. Absence or reduced synthesis of one of the globin

chains results in an excess of the other. In this situation free globin chains, which are insoluble,

XX XX 1 normal girl - 1 canri accumulate inside the red cells and form precipitates which damage the cell, causing cell lysis and

@ Normal girl Carrier girl g or girl resulling in anaemia. There are two main types of thalassemias in which synthesis of ¢ or [ giobin is

Offspring defective. It is common in Mediterranean, Middle East, Indian subcontinent and in south-east Africa.

@ 1 normal boy : 1 haemophilic boy () Alpha (a) thalassemia : The o-thalassemias involve the genes HBAT and HBA2, inherited in a

- Mendelian recessive fashion. There are two gene loci and so four alleles. It is also connected to

Fig.: Inheritance of haemophiia when the mother is carrier and the father is normal the deletion of the_16p (short-arm) chromosome. a-Thalassemias result in decreased a-globin

If a normal man marries a girl who is carrier for haemophilia, the progeny would consist of 50% females production, therefbre ewer alpha-globin chains are produced, resulting in an excess of § chains
and 50% males. Of the females, 50% would be normal and the rest 50% would be hemophilia carrier in adults and + Bhains in newborns. The excess B chains form unstable tetramers (calied

Of the males, 50% would be normal and the rest would be haemophiliacs Hemoglobi of 4 beta chains) which have abnormal oxygen dissociation curves.

:;:::;;r:{::; - B (Christmas disease) — plasma thromboplastin is absent, Inheritance is just like (i) Bota (B ia : f-Thalassemias are due to mutations in the HBB gene on chromosome 11,
also i an autosomal-recessive fashion. The severity of the disease depends on the nature
(c) Sickle-cell anaemia : As it is autosomal recessive disease therefore it can be transmitted from parents e on. Mutations are characterised as (3° or [ thalassemia major) if they prevent any
fo the offspring when both male and female individuals are carrier (heterozygous) for the gene. The disease jormation of B chains (which is the most severe form of {3 thalassemia); they are characterised as
is controlled by a single pair of allele, Hb* and HbS. Thus three genotypes are possible in population, * or B thalassemia intermedia) if they allow some {3 chain formation to occur. In either case, there
(i) Ho* HbA (Normal, homozygous) i lative excess of o chains, but these do ot form tetramers; rather, they bind to the red blood
(i) HbAHbS (Normal, carrier) gell membranes, producing membrane damage, and at high concentrations they form toxic aggregates.

Delta (3) thalassemia : Just like § thalassemia, mutations can occur which affect the ability of
this gene to produce § chains. o and B chains are present in hemoglobin but about 3% of aﬂuﬁ
hemoglobin is made of alpha and delta chains. Earlier you have studied SCA where there is a
synthesis of incorrectly functioning globin but here in thalassemia too few globins are synthesised.

(ii)) HbS HbS (Diseased, die before attaining maturity)
Heterozygous (Hb* HbS) individuals appear apparently unaffected but they are carrier of the disease as there
is 50% probability of transmission of the mutant gene to the progeny, thus exhibiting sickle-cell trait.
The disease/defect is caused by mutation (transversion) of the gene controlling -chain of hae I
Tlh«: mutated gene is called Hb®. Hb® causes one change in amino acid sequence of -chain. It . Chromosomal Disorders :
glutamic acid (Glu) present at 6" position of the f-chain by amino acid valine (Val). The isorders like haemophilia, sickle-cel i h

R i3 di enylketonuria are due to the mutant allele
haemoglobin molecule undergoes polymerisation under low- O, tension causing the ol pe Me"de"anmd‘ tive M“ksm Hmewm?' stlilsomar: :ﬂ: r;\‘aabz by imbalance in chromosome number
of the RBC from biconcave disc to elongated sickle-like structure. : apd ;e,l;w . Thsrse are called as chromosomal disorders. Down's syndrome, Kiinefelter's

are common examples of chromosomal disorders.

Scanned by CamScanner



aw oS W nSE

NEET 8 AIIMS ! lnheritance and Variation ‘§ 37
- Broad flat face = ample 14 1 Given below is the figure showing an individual inflicted with Down's syngrome =
Flat back of hea Exal
" )
Many oops" o R ind wrinkled e
finger tips ‘\ o E)‘ggaue Us
Paim crease” ] '

Many _(B) on—gll -
Congenital heart
disease

finger tips Y @ ~Bgana_(a) tongue

Fig. : Arepresentative figure showing an individual inflicted with Down's syndrome |

» \
(b) Kiinefelter's syndrome : It is caused due to the presence of an additional copy of X-chromosome

resultng inlo 44 + XY type chromosome complement. The defect appears due to union of an

Wiite down the correct words for al the threo blanks (A). (8) and (C) indicated in the figure l
€99 (22 + XX) and a normal sperm (22 + ) or normal egg (22 + X)

abnormal Solution (A)  Wrinkled

and abnormal sperm (22 + XY), (B) Loops
Such persons are sterile males with overall masculine development and some female characteristics (eg. | (C) Bro;

Feminine pitched voice, development of breast or gynaecomastia).

(©

Turner's syndrome : The disorder is due to monosomy. It appears due to fusic

lon of abnormal egg (22
+0) and a normal sperm (22 + X)

O @ normal egg (22 + X) and abnormal sperm (22 + 0). Such
females are sterile as ovaries are rudimentary besides other features includi
sexual characters.

ing lack of other secondary

. Read the following paragraph carefully and find out the correct words for all the three
indicated as (A), (B) and (C).

o o of smind o n the globin protin resuts dus o

L Taller than average
height ;

Breast development
(Gynaecomastia)

Small testes
(testicular atrophy)

Female type
pubic hair pattem
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Recessive Traits Dominant Traits
Tongue Nonroller's Tongue roller's
Duchenne muscular dystrophy Morphan syndrome
Lesch-Nyhan syndrome Phenylthiocarbamide (PTC) tasting
Fused ear lobes Free ear lobes
Tay-Sach's disease Widow's peak

CYTOPLASMIC INHERITANCE

Some self replicating genes (DNA) are present in the cytoplasm (mitochondrial DNA and chloroplast DNA)
also. These are called plasmagenes and all the plasmagenes together constitute plasmon (like genome). The

inheritance of characters by plasmagenes is called extranuclear or extrachromosomal inheritance.
Certain most important examples of extranuclear inheritance in eukaryotes are following :

Maternal inheritance : The amount of nuclear hereditary matefial

equal but the cytoplasm in €gg is always much more than tha @ he sperm. So, in extranuclear inheritance,
mnfribubon of female parent is more. This is called matern@
coiling of shell in snails. )

ntributed by the two sexes is almost

eritance. The evidence of maternal inheritance

nce : The DNA is present i gondria and chloroplast which controls the inheritance of
\ well known example ﬁ

X aracters controlled by chloroplasts is plastid inheritance in
ered by Correns. Other examples of organellar inheritance are iojap

(!ml?alanca in the mitochondrial physiology) in the fungus
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substﬂu"on of a purine with another type of purine is called
! ) Transversion (2) Transition
Inversion (4) Translocation

3)

jnversion without involving the centromere is called
54.

() paracentric
(2) Monosomy
@) Pericentric
(@) Tautomerization
5. Aneuploidy which results in loss of a complete homologous pair of chromosome is
(1) Trisomy (2) Tetrasomy
(3) Nullisomy (4)  Euploidy
of the following chemical is a base analogue?

(2) Acridines

(4) Hypoxanthine @

'mde stanhty in maize is due to defective

YSQSO
) @Jlast
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Some

.

Genetics : Subject that deals with the inheritance as well as the variation of characters frop,
parents to offspring.

Inheritance : Process by which characters are passed on from parent to progeny.

Variation : Degree by which progeny differ from their parents.

True breeding line * A true breeding fine is one that, having undergone continuous sel-polination,
shows the stable trait and for several

Alleles : Genes which code for a pair of contrasting traits.

Homozygous : Two alleles of a gene are identical (TT o t)
Heterozygous : An individual having two different alleles (Tt).

Genotype : Representation of genetic complement of an individual with respect to one or more
characters.

ype : Itis
Dominant allele : Influences the appearance of the phenotype even in the presence of an
altenative allele
Recessive allele : Infiuences the appearance of the phenotype only in the presence of another
identical allele.
Punnett square : Graphical representation to calculate the probability of all possible genotypes
of offspring in a genetic cross
Test cross : A cross between hybrid (Tt) and homozygous recessive individual (tt).
Incomplete dominance : . phenotype does not resemble either of the two parants andyis in
between the two.
Co-dominance : F, phenotype resembles both of the parents. )
sultiple allelism : Presence of more than two alleles for the same i

Pleiotropy : A single gene product may produce more
Linkage : It is physical association of the two genes
Recombination : It describes the generation of

Sex determination : Establishment of sex through
an early stage of life.

Gene mutation : Alteration of DNA due to

in changes in the genotype and the phenotype of
Pedigree analysis : Analysis of inheritance of traits in
of two

in the gain or loss of a chromosome(s).
Polyploidy : Failure of cytokinesis after telophase
in a whole set of chromosomes in an organism.

s vanavon YR

Formulae Chart

Typo of gamet

Number of zygotes/offsprings

Number of phenotype

= Number of
traits/hybrid (n)

Number of genotype

N
(1)

Number of genotypes for
multiple allelism

Re nation frequency
or o valuo

N

Quick Récap i

Here, n = Number of alleles

Number of recombinants.
Total number of offsprings * 100

gy atics is a brarich:of biciogy which deais Wi pancieale o W IR A RLRREY
J Mendelian Inheritance (Mendelism)

* () Mendel proposed that something was being stably passed down, unchanged, from
parent to offspring through the gametes, over successive generations. He called these
things as 'factors'.

(i) The dominant characters are expressed when factors are in WW
(Law of Dominance). i .‘»“.‘

(i) mmmmmww +
(W) The recessive characters are only &
© A reces s 1o

Scanned by CamScanner




NEE
142 Principles of Inheritance and Variation Ta A"Mg

7. Frequency of recombination between gene pairs on the sam
: 3

measure of the distance between genes.

Mutation is defined as change in the genetic material. A point mutation IS g cha ange

a single base pair in DNA. Some mutations involve changes in whole set of chro
(polyploidy) or change in a subset of chromosome number (aneuploidy). 'es

8.

- 9. Sickle-cell anaemia is caused due to change of one base in the gene coding for B-chain
of haemoglobin.
v w nheritable mutations can be studied by generating a pedigree of a family,

. Down'’s syndrome is due to trisomy of chromosome 21. In Turner's syndrome, gy,
8 is missing and the sex chromosome is as XO.

syndrome, the condition is XXY.

da 0 o
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