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Learning Outcomes

Students will be able to:

» Associate inheritance with the laws of Mendel.

Explain the law of independent assortment, using a suitable example.

Express limitations in the law and its usefulness.

State the scope of independent assortment in variation. :

Evaluate that inheritance of genes and their mixing during fertilization is based on

mathematical probabilities.

Describe the exceptions to the Mendel's laws of inheritance.

» Explainincomplete dominance and exemplify it through the inheritance of flower color
in4 O' clock plant.

« Differentiate between incomplete dominance and co-dominance.

» Describe multiple alleles and state the alleles responsible for the trait of ABO blood
groups.

« Explain the case where two alleles have equal dominance and through the genetics of
human blood group of AB.

« Name the various human blood group systems.

» Associate multiple alleles with the ABO blood group system.

« Investigate the reasons for O-ve individual as the Universal donor and AB +ve as the

Universal recipient.

Describe the occurrence of some other blood group systems.

a

o

« Associate the positive and negative blood groups with the presence and absence of Rh '
factor. 1

s Justify why Rh incompatibility could be a dangerto the developing foetus and mother,

« Explain Erythroblastosis foetalis in the light of antigen-antibody reaction.

«  Suggestmeasures to counter the problem of Erythroblastosis foetalis before it oceurs.

o Explain the terms: polygenic and epistasis,
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* Describe polygenic inheritance, using suitable examples from plants (grain color in
wheat) and animals (skin color in man).
List atleast five polygenic traits discovered in humans,
Relate polygenic inheritance with epistasis.

jive one example of episiasis from mammals (coat color inheritance in Labrador

retrievers) and one from plants (pigment phenotype in foxgloves) and justify modified
Mendelian ratios.
Describe the terms gene linkage and CTOSSINE OVEr.
Explain how gene linkage counters i idependent assortment and crossing-over modifies
the progeny.

* Exemplify the concept of gene Imkage by quoting the example of wing length and

width of abdomen in Drosophila melanozastes:

* Suggest why linkage could be observed / evaluated only if the number of progeny 1s
quite large.
Explain the XX-XY mechanism of sex determination in Do philaand mammals.

* Describe the XX-XO and ZZ-ZW sex determination systems and evaluate by studying
the karyotype.

* ldentify the difference between homogametic and heterogametic conditions in the
karyotype of male and female humans.

* Identify male and female individuals from the karvotype of Drosophila and man.

e Solve the genetic prablems related to X X-XY. XX-XO and ZZ-ZW sex determination.

e Describethe concept of'sex-linkage.

e Explaintheinheritance of sex-linked traits (eye color) in Drosophila.

o Describe the sex-linked inheritance of male characters due to Y-chromosome and the
effect of Holandric genes.
Describe the X-linked disorders with reference (o the patterns of inheritance.
Describe sex influenced and sex limited traits with commen examples from human
genetics.
Name some of the sex-linked disorders of man and Drosophila.
Critically analyze the inheritance of Haemophilia, colour blindness and muscular
dystrophy.

Introduction

Inheritance is the process by which genetic information is passed from parents to
child. This is why member of the same family tend to have similar characteristics. We
actually have two genomes. We get one copy of our genome from each parents.
Inheritance describes how genetic material is passed on from parent to offspring. The
simplest form of inheritance was uncovered from the work of Gregor Mendel in 1865,
From years of experiments using the common pea plant, Mendel was able to describe the
way in which genetic characteristies are passed down from generation to generation, This
passing of characters from parents to offsprings is known as Heredity. The difference
that are shown by the individuals of a species and also by the offsprings of same parents
are referred as variations. Variations may be harmful or useful or useless. This study of
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heredity and variations is called genetics. ' 2 ole

In this unit we will study Mendelian inheritance. dominance rerlatmﬂs, Tuk P.
alleles, with example of blood groups, polygenic inheritance, epistasis, gene HUnKAge,
crossing over, sex determination and sex linkage.

22.1 Mendelian Inheritance o
Mendelian inheritance refers to the patterns of inheritance that are characteristics
of organisms which reproduce sexually. .
Gregor John Mendel was an Austrian monk who formulated some of the
fundamental principles regarding the inheritance of traits. Between 1856 — 1865, he
performed number of experiments in which he cross-bred pea plants (Pisum sativun)
with 7 pairs of contrasting characteristics Mendel explained his results by describing two
laws of inheritance that introduced the idea of dominant and recessive genes. (Fig.22.1)
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Round seeds %  Wrinkled seeds ¢ *IJ (3/4:1/4)

i Green pods x  Yellow pods M (3/4:1/4)
ﬁ Inflated pods

X  Constricted pods ” (3/4:1/4)
Axial flowers x  Terminal flowers (3/4:1/4)
Tall plants X Dwarf plants (3/4:1/4)
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32.1.1 Association of Inheritance w ith Laws of Mendel

Gregor John Mendel. through his work on pea
I Exira .
\Injormation)

plants, discovered the fundamental laws of inheritance.
He deduced that factors (genes) come in pairs and

On genetic level all humans
are more than 99% identical.

inherited as distinct units, one from each parent. Mendel
tracked the segregation of parental genes and their
appearance in the offspring as dominant and recessive
traits. He recognized the mathematical patterns of inheritance from one generation to the
next. On the basis of his series of experiments on pea plants he formulated following
laws:

1.  TheLaw of Segregation

The law of segregation states that the two alleles of a single trait will separate
randomly. Each inherited trait is called factor (gene) pair. Parental factors (genes) are
randomly separated to the sex cells so that sex eells contain only one member of the factor
(gene) pair. Offspring, therefore, inherits one allele from each parent when sex cells unite

in fertilization. — e T
2.  The Lawof Independent Assortment \w

The law of independent assortment states that the The term Mendalian
allele of one gene separate independently of another inheritance refers to a set of
llele. G for diff el b (et e rules that revolve around the
allele. Genes for difterent .trmlh_ are hnquLL n-.,p.lu‘ah_} passing down of hereditary
from one another so that the inheritance of one trait is not | traits from parents to

dependent on the inheritance of another. - offsprings. )

7

inheritance of Single Trait (Monohybrid Cross)
The Law of Segregation

Mendel carefully selected 7 pairs of contrasting characters for his experiments.
First he experimented plants with one pair of contrasting characters such as tallness and
shortness of the plants. This type of cross which involves only one pair of contrasting
characters is called monohybrid cross.

Procedure and Observations
In one of his experiments, Mendel crossed tall pea plants (about 2 meters high)
with dwarf pea plants (about 20 — 50 cm). He used pure breeding varieties i.e. plants
which when self-fertilized produced offsprings that resembled their parents. He crossed
pollinated tall plants with pollen from dwarf plants and vice versa. He planted the seeds
from these plants and observed the resulting hybrid which he called the first filial
- generation or F, generation. In I, generation all plants were tall. He then allowed F,
plant to self-pollinate and produced seeds which gave rise to F, (second filial)

—
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generation. In F, he got 1064 plants. Out of these 1064 plant 787 were | il plants anc

dwarfplantsi.e. in the ratio of about three tall one dwarf (3:1)- « af nea plants and

Mendel also made crosses using 6 other contrasting characters of pea pants anc
gotalmost similar results.

In all his experiments, Mendel observed that
generation while other disappeared. However. this character reappeares s
but only in about 1/4" of the total number of offspring. The character which appf:arc{‘i in [r
generation is called dominant while the character which could not express itself n F,
generation is called recessive trait.

Interpretation of the Results Dominant Gene

On the basis of these experimental results Mendel | It is able to express itself even
was able to suggest a mechanism to explain the | inthepresenceofits recessive
observations, he had made about pea plants. Infact, he | allele and does not require,
suggested a model of how the inheritance of traits could | Smilar gllele tofrroduccits

one trait or character appeared in F,
d in F, generation

- silect:
be explained. Mendel concluded that: =
R 7 A TV R Recessive Gene
® Herec I.ldI:}' LhﬁI’clL[LIhl are responsible for | Itis unable to express its effect
transmission of characteristics. :in the presence of dominant
. Each characteristics is controlled by a pair of | allele so it produces phono-

factors (genes) in the cell of an organism e.g. ' typic effect only in presence of
colour of flower, colour of seed. shape of seed, sin'1_i]arallele.

height of plant, erc., are controlled by a pair of

factor.

° If the two factors differ then only the dominant 7 |8 XTI (e
one will show its effect e.g. if a pea plant contains m\)
one factor for taliness and one for dwarfness, only | The term dominant and
the tall (dominant) will show the effects. recessive do not mean that an

» The two factors in each pair separate or segregate | ©T8211Sm possessing a
during gamete formation and each gamete will dﬂm"_m“t, trait is healthier or
contain only one factor. This statement is known MOre vigorous than an
as Mendel's law of segregation. orgamism with the recessive

trait. Both dominant
- 1 _ and
Hence when a pea plant containing a factor for recessive alleles can be

tallness and a factor for shortness produces gametes. A \disease carrier. J
particular gamete will either have tall factor or the dwarf B
factor but not both. Thus the gametes are always pure.
® The fusion of haploid gametes at fertilization restores the diploid condition it
zygote.
® Gametes unite at random so thata predictable ratio of characteristics ocour -
the offsprings. ong

—  — e ——



Inheritance of Two Traits (Dihybrid Crosses)
Mendel's Law of Independent Assortment
Mendel suggested his second law ofinheritance by following two characters atthe
same time. such :1: seed color and seed shape. Pea seeds shape may be either round
(smooth) or wrinkled. From single character crosses. Mendel knew that allele for yellow
seed is dominant (Y). while allele of green seed is recessive (y). He also knew that allele
fromround seed is dominant (R), and allele for wrinkled is recessive ().
Procedure and Observations
Mendel crossed pure round-vellow seeded plant
(RRYY) with wrinkled green seeded plant (rryy) and
got F, generation. In F, generation. he got all round-

Interesting
Information
Pure bred means that if you let
; the plant self-fertilize, the
yellow seeded plants. However. these plants will be | offsprings will always look
dihybrids .e. RrYy. The kev step in the experiment is to | exactly like their parents i.e. if
see what happens when F, plants self-pollinate and the tall plants were crossed

- . = ¥ B | 1 T ® the the ‘I- -y P L f: 8
produce F, generation. If the hybrids transmit their allele then the offspring will always

in the same combinations in which the alleles were o J
inherited from parental generation, then the F, hybrid will produce only two classes of
gametes: RY and ry. This dependent assortment hypothesis predicts that the phenotype
ratio of F, generation will be 3:1. just as in monohybrid cross.

The alternative hypothesis is that the two pairs of allele segregate independently
of each other. In this example the F, plant will produce 4 types of gametes in equal
quantities 7.e. RY, rY, Ry. ry. If sperm of the 4 classes fertilize eggs of the 4 classes, there
will be 16(4x4) equally probable ways in which the alleles can combine in F, generation.
These combinations result in 4 phenotype categories with a ratio of 9:3:3:1. Nine will be
round-yellow, three will be wrinkled yellow; three will be round-green and one will be
wrinkled green. When Mendel did the experiment and obtained F, generation, his results
were close to the predicted 9:3:3:1 phenotypic ratio. These results were supporting the
hypothesis that the allele for one gene-supporting seed colour and seed shape are sorted
into gametes independently of the alleles of other genes.

Interpretation of the Results

Mendel tested all seven pairs of contrasting characters in various dihybrid
combinations and always observed a 9:3:3:1 phenotypic ratio in F, generation. Is this
consistent with the 3:1 phenotypic ratio observed for the monohybrid crosses? To
investigate this question, let's consider one of the two dihybrid characters by itself.
Looking only in pea color we sce that thprc arc 416 yellow and 140 green peas,a2.97:1
ratio, or roughly 3:1 ratio. In this dihybrid cross, the pea color alleles segregate as this
were a monohybrid cross. The result of Mendel's dihybrid cross is the basis far”wha't .
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called law of independent assortment. This law states that the alleles of two (or more)
different genes get sorted into gametes independently of one another. In other words. the
allele a gamete received for one gene does not influence the allele received from another
gene.

Limitations of the Law of Independent Assortment

This law applies only to those genes (allele pairs) located on different
chromosomes (non- hl]l]’lﬂh}bi}uhLilI’EHﬂH‘*L‘HT‘iL\I oralternatively to genes that are very far
apart on the same chromosome. All the pea characters Mendel chose for analysis were
controlled by genes on different chromosome. This situation greatly simplified
interpretation of his multi-character pea crosses.

Usefulness of Law of Independent Assortment
This law explains that desired characters of two parents can be expressed in single
parents and undesired characters can be prevented from expression. Can you guess how?

Scope of Independent Assortment in Variation

The independent assortment genes also contribute in mutation because it results in
the shuffling of chromosomes into various gametes. Crossing over occurs when
homologous chromosomes exchange genetic information. Thus, chromosomes are
formed that contain genes from both parents. (Fig.22.2)

Phenotype  Round, vellow secds Wrinkled, green sceds

Genotype (RRYY) (rryy)

F, gencration

All round, ycl!uw
sceds (RrYy)

Parenis

Fig:22.2 ﬂ;ﬁybna’ Cross
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22.1.2 Inheritance and Mathematical Probabilities

Probability is a chance of occurring of an event. Mendel laws reflect the same
rules of probability that apply to tossing coins, rolling dice and drawing cards from a
deck. The probability scale range from 0 to 1. An event that is certain to occur has a
probability of 1, while an event that is certain not to occur has a probability of 0 with a
normal coin, the chance of tossing tails is 1/2 and chance of tossing heads is 1/2.

Tossing a coin illustrates an important lesson about probability. For every toss, the
probability of head is 1/2. The out-come of any particular toss is unaffected by what has
happened on previous trials.

The phenomena such as coin tosses are referred as independent events. Each toss
of a coin whether done sequentially with one coin or simultaneously with many is
independent of every other toss. And like two separate coin tosses, the alleles of the one
gene segregate into gamete independently of another gene's alleles (the law of
independent assortment). The combined probability of two or more independent events
can be calculated by product rule.

Product Rule

This rule states that probability of two or more independent event occurring
together can be calculated by multiplying the individual probability. This rule is useful in
genetics. The product rule is used to predict frequencies of fertilization events.

According to this rule the probability of round vellow phenotype in F, generation
of a dihybrid cross is equal to the product of individual probabilities of round (3/4) and
yellow (3/4) phenotype i.e. P=3/4x3/4=9/16.

22.2 Exceptions to Mendelian Inheritance

We know today that there are many exceptions to Mendel's laws. It means that not
every gene has alleles that are strictly dominant or recessive. Does this mean that Mendel
was wrong? No it means that we know more today about genetics, diseases  and
inheritance than 150 years ago, when Mendel formulated his laws.
common exceptions of Mendelian inheritance will be discussed here.

22.2.1 Incomplete Dominance

When two contrasting characters are crossed, and if in F
characters is fully expressed then this phenomenon is called in
was firstdescribed by Carl Correns.

Example: When red (RR) Japanese 4 o'clock flower plant (Mirabilus Jalapa) is crossed
with white (WW) 4 o'clock flower plant, in F; generation hybrid plant have pink (RW)
flowers. This third intermediate phenotype results from the flowers of heterozygotes
having less red colour than the red homozygotes. This is unlike the case of Mendel's pea
plant. (Fig.22.3)

At first glance incomplete dominance of either allele see
for the blending hypothesis of inheritance which would predic

Some of the most

. generation none of the
complete dominance. It

ms 1o provide evidence
t that red or white traits
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could neyer reappear among offsprings from pink
hybrid. In fact, inbreeding F, hybrids produce F
offsprings with a phenotypic ratio of one red to two
pink to one white i.e. 1:2:1 ratio. Thus genotype and
phenotype ratio is same (RR, 2RW, WW). The
segregation of the red flower and white flower allel

in the gametes produced by the pink flowered plants
confirms that the allele for flower colour are heritable

factors that maintain their identity in the
18; inheritance is particulate.
22.2.2 Co-dominance !
The dominance relation when two contrasting Mk —
characters are crossed and in F, generation both of Fyall (100%) pink :
| el (25%0), two pink (50%),
them fully express themselves is calles white (25%)
minance
tll rrl]]] 1I}LL. ol Iru'.'. n'JJ".'I."||r4 I ]r.]l‘l.r.rll.lrllllllrlll i
For example, the human MN blood group

Genetic Problem

determined by co-dominant alleles for two specific

molecules located on the surface of red blood cells, the M f\what would be expected

and N antigen molecules. A single gene locus at which §offspring when red four

two allelic variations are |u1=-\ln!u_‘_ determines the §O'clock plant is crossed with
phenotype of this blood group. Individual homozygous pink one.
. : Solution:

for the M allele MM have red blood cells with only M
molecules; individual homozygous for the N allele NN
have RBCs with only N molecules. But both M and N
molecules are present on the red blood
individuals heterozygous for the M and N alleles (MN).
The MN phenotype is not intermediate between the M
and N phenotypes, which distinguishes co-dominance
from incomplete dominance. Rather, both M and N
phenotypes are by heterozygotes, since both molecules

are present. (Table22.1-22.2)

Red X Pink

RR X RW

RR RW RR RW
Red Pink Red Pink
Rauno=2:2

Skill

What will be the result
of cross between red bulls to
white cow” What will be

Eumwpe and phenotype of

cells of

Tﬂha"ﬂ 22.1: MN Blood Group Showing Co-dominance

_ML' MN M and N
N
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Table 22.2: Difference between Incomplete Dominance and Co-dominance

Incomplete dominance m

1) Intermediate traitappear. |Has independent effect. Both traits
|simultaneously appears.

ii) || Bothallelesare expressed itself partially. ||Bothalleles are equally conspicuous.
iii) ||None of the parental characteristics||Both parental characteristics express n
IC\L[}I ess in offspring. ! offspring. )
Multiple Allele

Any one of a series of three or more alternative or allelic forms ofa gene, only two
of which can exist in any normal diploid individual is known as multiple allele.
The ABO blood group is an example of multiple allele. It is also an example of
ception to Mendelian inheritance.
The 4 blood wmum A, B, AB and O are all determined by a single gene. Ihlu:
dll:.h,:. of this gene exist. K. I“ andi. 1" and 1" are dominant while i is recessive to both i
and1”,

22.3 Blood Group System

Although the ABO and Rh-groups are most important for blood transfusions,
there are 36 other known blood group that usually do not complicate the blood
transfusion are called rare types.

Each blood group has a combination of sugars and protein called antigens that are
found on the surface of RBCs. There are about 600 antigens so there is potential for a lot
of variation between different people.

22.3.1 ABO Blood Group System P s
ABO blood group is an example of multiple allele \W)

which is an exception to Mendelian inheritance. In 1900 | There is no crossing over

Karl Landsteiner reported a series of test, which between the members of

identified the ABO blood group system. He got noble multiple allele. Crossing over

A . f{takes place between two
prize in 1910 for his discovery. The ABO blood group 1s diﬂhrenrl’ venes only and does

also found in other primates like apes, chimpanzees, \notoccurwithin gene. y,
gorillas.
Antigen of ABO Blood Group

ABO antigens are glycolipid in nature, attached on the surface of red blood cells.
These antigens stick out from cell membrane and there are many antigen sites per red
blood cell. Besides their presence on red blood cells, soluble antigens can be present in
plasma, saliva and other secretions. These antigens are also expressed on tissues other




than red blood cells. There are two types of antigens /.e. antigen A and B. The presence or
absence of these antigens makes 4 types of blood groups i.e. blood group A when antigen
A 1s present, blood group B when antigen B is present, blood group AB when both
antigens A and B are present and blood group O when both antigens A and B are absent.

Genetic Basis of ABO System

Blood groups are inherited from both parents. The (* Problem

ABO blood group is controlled by a single gene with = 4
Fhrf:e lypi::s of alleles ie. I\.“I'l and 1. The I stands for | i:‘ﬂr::fl::] z?gllggg ;::::ﬁhﬂhzic
1soagglutinogen. The I and I both are dominant I three childrén. Oneis group A,
while "' is recessive. The gene is located on long arm of § one group B and one group O.
chromosome no 9. The individual with genotype 1" and | What are the genotype of five
I"i have type A blood group and individual with 1" and 2 R : 4
i have type B blood group.

~

alleles.

- Ak A B

The genotype 11" have blood group AB because both I and 1
dominant. An individual hay ing
Codominance;

alleles are
genotype 1i has blood group O,

Another example of codominance is human blood type AB, in which
tWo types of protein (“A™ and “B” appear together on the surface of blood cells,
(Table:22.3)

Table 22.3: ABO Blood Group Antibodies and Antigzens
_—

_E
ABO Blood Groups

Antigen A
L)

Antigen B

Antigen A + B Neither Antigen
Anor B

Anti-B Antibody | Anti-A Antibody | Neither Antibody | Both Antibodies

Anlibpd}'] * y"‘ ‘\ )' o~ "\ At"
(in plasma * s{ }' \t " -l\ y r

T}'E.’\ T’fEB A & e AR ;
Cannot have B or | Cannot ﬂzwe Aor Can}rﬁave any Car;lgll:igf(}:nvc
Blood AB Blood AB Blood type of blood 0 blood
Ty
ype Can haye Aor O | Can have B or 0 Is the universal s the universal
Blood Blood recipient donor
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Two types of antibodies are present in blood Vet Stesmirens

| [
o : | ; st 1s a type of
plasma. The antibodies present together with the | ggngnﬁb;iﬁ rl:taingg cell
antigens in opposite way i.e. Antigen A with anti-body | nucleus. It is intermediate

B. antigen B with antibody A, antigen AB has no | precursor of normal crythm-‘
antibodies, none of the antigen with both antibodies A J';%rmh -
and B. There is an agglutination reaction between similar ( Genetic Problem \
antigen and antibody. Antigen “A™ agglutinates the
antibody A and antigen “B” agglutinates the antibody B.
Transfusion Principle

Blood transfusion is the process of transferring
blood into one's circulation intravenously. Transfusions
arc used for various medical conditions such as ( _ Genetic Problem ]

The father has hybrid blood
type 'A' and mother hybrid
blood type B what are possible
blood groups of their
children?

and donor are tested. If transfusion is carried out between
: : . _ | Guess ]
two incompatible blood groups, antigen, antibody
reaction will occur in recipient and as a result fl Th€ blun_d group O is ot
SRl : _ frequent in human population.
agglutination i.e. clumping of red blood cells will oceur. Can you expl-ain why this is
Therefore, the transfusions are carried out on the basis of

so?
donor's antigens and recipient's antibodies. Due to these \ Interesting (
limitations the persons with type A can receive blood _Information )

LA

from type A or O because they have anti B antibody so | “*BO blood group antigens are

‘ _ . not only found on the surface
they cannot be given any blood carrying B antigen. The |of RBCs, They are also

. = ¢ _ d) £ normally secreted by some
person w.uh blood type B can receive h]nucF from a DDl T hodyy fluids,
person with blood group B or O. The person with blood including saliva, tears “and
group AB canreceive blood from all other types i.e. A, B, | urine. Such persons are called
o _ ; antigen - secretors. Whether
AB and O while a person with blood group O can only |someone is able to secrete
receive blood from its own type. Therefore, blood group them is generally controlled

. ; b B t :
'0' is called universal donor and blood group AB is called “gc'jigz;ﬁ g nsicretgrn s%e;:
universal recipient. \ 19, hromoso 5

Antibodies of ABO Blood System A 1

The woman with blood group
B has a child with blood group
O what is the genotype of
mother and child? What are
the genotypes father could
have?

deficiency of blood, blood lost during pregnancy or any
surgery. any blood cell disease like thalassemia, sickle
cell and leukaemia, erc.

Before blood transfusion blood group of recipient
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22.4 RhBlood Group System and Erythroblastosis Foetalis

Rh blood group system is defined on the basis of Rh factor present on the surface
of red blood cells. Rh factor is another blood group system. The ABO blood type is
represented by + or—sign. The +ve sign indicates the presence of Rh factor while—ve sign

indicates the absence of Rh factor. Landsteiner discovered Rh antigen from the blood of
Rhesus monkey in 1930.

Antigens of Rh Blood Group System and Genetic Basis

Rh blood group system is encoded by three genes C, D and E. These genes occupy
two loci i.e. locus D and C or E loci. Gene D is located on D locus while the gene C or E
located on other locus. However, D locus has prime importance. The gene D has two
alleles, D and d. D is completely dominant over d. Therefore, the person with DD or Dd
are Rh +ve. The person dd genotype is Rh—ve.

The O —ve blood type is universal donor because it can donate blood to all blood
groups. The AB +ve is universal recipient because it can receive blood from all blood
groups.

Table 22.4: ABO and Rh Blood Groups system

-
i VAR WS siie A MB SR AN
G VAR ANE AR N GRS M. TR ' The positive blood groups can
e , receive all times nega-tive
8 \// A ‘// a ’x X X X blood groups while negative
Al | K [P 0 blood groups car ubul]ly ‘;eceivc
- . : one tme PUSItl"’-"E 00d group
E :?, j/ i X v‘{( j/ : 3; \but not second time, y,
B+ 4 X .
AR X K VR R
AB1 0| o NNV NI NN

Antl Rii-antibody and Transfusion Principle

The Rh antibody is not present naturally in the body. This antibody is produced in
reaction of Rh antigen. Rh -+ve donor is totally incompatible for Rh —ve recipient.
Sometimes Rh —ve person receives Rh +ve antigen through wrong Rh +ve blood
transfusion. He starts producing anti Rh antibodies against Rh antigen and reaction
occurs.

A donor who has never been exposed to Rh antigen can be transfused to Rh +ve

recipient.




22.4.1 Erythroblastosis Foetalis
Erythroblastosis foetalis or hemolytic disease (Haemo : blood, lytic
breakdown) of new born babies occurs when baby's red blood cells break down ata fast
rate. Erythroblastosis foetalis develops in a foetus, when anti-Rh antibodies produced by
the mother pass through the placenta and start hemolysis.
Problems and Complications in Foetus _
Babies who suffer erythroblastosis foetalis, develop the symptoms of anaemia,
pale and swollen body at birth. Enlarged liver or spleen. The anaemic foetus starts to
release many immature erythroblastosis into his blood system; therefore, the disease is
called erythroblastosis foetalis. The anaemic foetus may lead to abortion or still birth. If
the pregnancy continues the liver and spleen produce and breakdown RBCs at fast rate.
The breakdown of RBCs produces bilirubin. The high concentration of bilirubin in
foetus blood damages brain and turns the skin yellow. This condition s called jaundice.
Causes and Risk Factors
The most common cause of erythroblastosis foetalis is maternal foetal Rh
incompatibility. Sometime, an Rh —ve woman marries to an Rh +ve man. The women
conceive a child with Rh +ve blood group maternal foetal Rh incompatibility. If the man's
genotype is DD, all offspring will have Dd genotype i.e. Rh tve. If the man genotype 1S
Dd. half of the offsprings will be Dd i.e. Rh +ve while half of the offsprings will have

genotypedd i.e. Rh—ve.

The Rh —ve offspring will remain safe in mother body but Rh +ve offsprings will
be at risk in mother's body. Can you guess how?
Prevention and Treatments

During a pregnant woman's first prenatal doctor's visit, she should be screened for
blood and Rh type. 1f she has Rh-negative blood, the father's blood and Rh type should be
tested. If the father has Rh-positive blood, then Rh-positive foetus may develop in the
woman. In this cause the Rh s!:nsitizatinn of Rh-negative mother can be avoided by a
simple therapy. In this therapy she is given an injection of Rh antiserum (serum
containing anti-Rh antibodies) during early pregnancy (1" trimester) and immediately
after birth within 72 hours of delivery. This causes any of the baby's red blood cells that
may have crossed into the mother’s blood to be destroyed before sensitizing the mother's
immune system to produce maternal @ti~Rh antibodies. The injected antiserum
disappears before the next pregnancy. This has to be done with each pregnancy whether it
ends in a delivery or an abortion. (Fig.22.4)
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lf_(?enefic Problem ]

An Rh negative woman
marries to an Rh positive
man. The father of man
was also Rh —ve. What
Rh-negative  Cells from Woman In the next will be the pﬂESible
Ay woman with Rh-positive hecomes Rh-positive genol}fpﬂ of their

Rh-positive.  letus enter sensifized-  pregnancy,

fetus woman’'s (&) form maternal | Dﬁﬁpl’iﬂgﬂ? What Wi“ be

0 DEht e s chances of eryth-
- H!I|-nvg::_m~.ul.: : L “':‘ l|| Ii---\ll.’-:v-'i'i« ,Q}blasmsis foetalis?
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Fip 22.4: Maternal |

22.5 Polygenic Inheritance and Epistasis

Polygenic inheritance, also known as quantitative inheritance, refers to a
single inherited phenotypic trait thatis controlled by two or more different genes.

The traits that are determined by polygenic inheritance are not simply an effect of
dominance or recessive trait and do not exhibit complete dominance. Infact polygenic
inheritance exhibits incomplete dominance so the phenotype displayed in the offsprings,
is a mixture of phenotypes displayed by the parents. Each of the genes that contributes to
a polygenic trait has an equal influence and each of the alleles has an additive effect on the
phenotype outcome.

The polygenic inheritance should not be confused with the effects caused by
multiple alleles.

92.5.1 Wheat Grain Colour (an example of polygenic inheritance)

Nilsson Ehle performed many crosses between varieties of wheat having red
seeds and those having white seeds. The noteworthy feature of his experiment was the
variation in the intensity of the red pigment in the wheat grains produced by F, plants.
There were many gradations from the deep red of one parent to pure white of the other
parent so that plant could be divided into 7 different colour classes in the ratioof 1, 6, 15,
20, 15, 6, 1. Nilsson Ehle could distinguish 6 phenotypic classes with varying intensities
of red as follows: 1 deep red, 6 dark red, 15 reds, 20 mediums red, 15 light red and 6 very .
light red. Only one of 64 plants produced completely white grain and other one of 64 had
red grains identical to the parents in the first cross. (Fig.22.5)
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Nilsson Ehle postulated three pairs of genes controlling grain colour in wheat with
genes for red (ABC) dominant over genes for white abe. It is also appeared thatall alleles
«  contributed equally in the production or absence of red pigment. Each of the three Sl
pairs when considered singly in crosses segregated in expected Mendelian fashion
. ProducingF, progeny of three red and 1 white.
A Parental

. W —

Red-kemel (dark) individuals crossed with
white-kernel (light) individuals produce F,
oftspring with intermediate kernel color

g

F, offspring

LI e s v

T
X\HH\—\ 5
" The F, offspring, all triple heterozygotes.
are then crossed to produce a range of
color variants in the F, generation of
offspring.
B F, offspring £8 -
ABC  ABc AbC A 1 1he
ABC S
ABc
! (All contributing i.-'fr—l_\'
ADC 5 contributing ' = /64
Q aBC 4 cnnirJth::ng = 15/64
3 contributing = 20/64
Abe 2 contributing = 15/64
aBe I contributing = 6/64
All non-contributing =]/64
abC N2 ¥ = _/J
:thc‘:¢¢¢®@‘@w
] . .'r kL _L._l' _‘. .'Il'.l-"llr" Hance o ”..’Ifr'. il Ceretin A I'J.l:.l.”“'
22.5.2 Inheritance of Human Skin C . P T P s
22.5.2 Inhe un Colour | What is Pleiotropy?
J The pigment melanin is responsible for dark

coloration in the skin and there are at least three genes, 1 1€ ability of a single gene .

. , : .+ have multiple phenotypic
which control human skin colour. Using a hypothetical effects e.g. sickle cell anaemia
example where the production of melanin is controlled - Causes multiple systems, only
by contributing alleles denoted as A, B and C resulting in ' '

- one of which is the actual
dark skin colour, and therefore, light skin color is l??l_ﬁ_?_&“e:dcﬁndiﬁung_




produced by non-contributing allele, denoted as a, b and c, it is possible to se€ how the
Spectrum of different skin color can result in the offsprings. _

It is important to remember that in polygenic inheritance alleles do not display
dominance over other rather each contributing allele gives an additive effect rather than
masking effect, and so the way that the alleles interact is different to those in Mendalian
genetics.

In an example using two parents, heterozygous for each of the melanin pmducm;:
genes AaBbCc x AaBbCec, it is possible to see how the additive effects and combinations
ofalleles result in all the possible genotypes. (Fig.22.6)
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Fig.22.6:  Inheritance of Human Skin Colour
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LpIstasis
§

“Epistasis™ is a word composed of Greek roots

interaction between non allelic genes in which one
combination of such genes has a dominant effect over
other combinations. A gene is said to be epistatic when
its presence suppresses the expression of a gene which is
present on another locus of same or other chromosome

The gene which 1s suppressed i1s known as
hypostatic gene.

Epistasis is different from dominance because
dominance is the phenomenon in which the alleles of the
same locus interact with each other to produce a
phenotype. While epistasis is a type of interaction that

o Lo |

that means “standing upon”. The epistasis is a form of

Bombay Phenotype

The Bombay Phenotype
discovered in 1952 in Bombay

city of India. Individuals with
the Bombay phenotype have

the genes to make the ABO
antigen at one loci but lack the
genes that produce the H
substance produced at another
locus. Individual with
Bombay phenotype can
receive blood from other
individual with blood group O
but cannot donate blood.

i_ 4

occurs between alleles of different loct. (Table 22.5)
frﬂa'l'l’l'll' ..\.-. J LAareren e e !
Epistasis Dominance
| 1) This type of gene interaction involves | In this type only one pair of gene is
two non-allelic pairs of genes. involved, therefore, there is no
interaction.
ii) |/One pair of gene masks the effect of | An allele mask the effect of another
another pair of genes. allele of the same gene pair.
iti) || Expression of both the dominant and | Expression of recessive allele 1s
|| recessive alleles may be suppressed by || masked by dominant allele.
| the epistatic gene. .

Relationship of Epistasis with Polygenic
Inheritance

The epistasis is a type of polygenic inheritance
where the alleles at one gene locus can hide or prevent
: the expression of alleles at a second gene locus.
Labrador retrievers (type of dog) one gene locus
affects coat colour by controlling how densely the
pigment eumelanin is deposited in the fur. A dominant
allele (B) produces the black coat while the recessive
' allele (b) produces a brown coat color. However, a
- second gene locus control whether any eumelanin at all is
deposited in fur. Dogs that are homozygous recessive at

Continuons arnd
Discontinuos Fariatfion

Continuous variation is where
there is complete range of
measurements from extreme
to another e.g. height, weight,
skin color. Discontinuous

variations are where indivi-

Eiuals fall into distinct categor-
ies e.g. pea plants with either
- purple flower or white flower,

 tongue roller and non-roller in
* human.

e —_— —

g
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this locus (ee) will have yellow fur no matter which alleles are at the first locus.

The polygenic inheritance is not controlled by a single gene locus, but by the
combined interaction of many gene loci. In epistasis, the interaction between genes is
antagonistic, such that one gene masks or interferes with the expression of another.

An example of epistasis is pigmentation in mice. The white type coat color, agouti (AA),
is dominant to solid colored fur (aa). However, a separate gene (c¢) is necessary for
pigment production. A mouse with a recessive (c) allele at this locus is unable to produce
pigment and is albino regardless of the allele present at locus “A”. Therefore, the
genotype AAcce, Aace and aacc all produce the same albino phenotype. A cross between
heterozygotes for both genes AaCc x AaCe would generate offspring with a phenotypic
ratio of an agouti 3 solid color: 4 albinos. In this case. the gene 'c' is epistatic to the 'A'
gene.
Coat Colorin Labrador Retriever
The Labrador retriever is highly
popular type of dog found all over the world.
This dog is trained to perform different task
e.g. screening and detection work for law
enforcement agenci=s. These are also used
for hunting. There are three basic coat color £
in the Labrador: black, yellow and A, AR ST
chocolate. (Fig.22.7) T P e T IR
In Labradors, the B and E genes result in black, yellow and chocolate Labrador
e.g. BB become a black Labrador. The Bb dog is also black but it carries the chocolate
gene which can be passed on its offspring. So bb genotype have chocolate Brown coat
color while yellow Labrador is characterized by a recessive epistatic gene (ee). But every
Labrador retriever has both sets of genes which can come in any combination of capital
and lower case letters i.e. dominant and recessive alleles. Regardless of the combination
of B genes, any time the ee genotype is present, it masks the B coloration ¢.g. BbEE dog
would have a black coat but Bbee dog would have a yellow coat. The black Labradors are

dominant. therefore, having the most possibilities. Both yellow and chocolate Labradors
: ors 'ee’ genes mask both the black and

are recessive, but because a yellow Labrad

chocolate coloration. So yellow Labradors are more common than chocolate Labrador.
(Fig.22.8) 2
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complementary gene interaction Parents
because it involves the Interaction of both
the genes. If anyone locus has

-— X

homozygous recessiv . \B \h aB ab
cessive genotvpe ie
AAbb - s pODS e .| AABB | AABb AaBb AaBb
: or aaBB then it will interfere with B TR (Pl (P] (P]
dominant allele and hide thearlexprcssi::m _ [TAABE S e Aabb
of purple color and flowers will be white e 0 [W] [P] [W]
In color. In this case the epistatic alleles .| AaBb | AaBb | aaBB aaBb
are recessive and both types of recessive gid 04 [P] (W] [W]
alleles cause same epistatic effect so this | AaBb  Aabb aaBh ai:ﬂh
type of epistasis is called duplicate Pl (W (W] (W]

recessive epistasis. P = Purple flower, W = White flower
Batson and Punnett crossed

white flower plant AAbb with another

white flowered plant aaBB and got F, generation. In F
flower plants. Then they self-crossed F, offspr
they got two types of plants i.e. purple
duplicate recessive epistasis. (Fig.22.9)

e ——

, generation all plants were purple
ings and got F, generation. In F, generation
and white in 9:7 ratio. This result confirms the

22.6 Gene Linkage and Crossing Over

The term gene was introduced by Wilhelm Johannsson (Danish botanist and
geneticist) in 1909. Gene is a small segment of DNA as chromosome. It consists of
specific sequence of nucleotides which code a specific protein or polypeptide chain. The
place on chromosome where the gene resides is called the gene locus. Mendel did not
know about gene. He used the term factor or element which is now called gene.

22.6.1 Gene Linkage

Genes that are located on the same chromosome are called linked genes. Alleles
for these genes tend to segregate together during meiosis, unless they are separated by
crossing over. Crossing over occurs when two homologous chromosomes exchange
segments during meiosis. The close tcgeth::r two genes are on a chromosome, the less
likely their alleles will be separated by crossing-over.

Linkage explains why certain characteristics are frequently inherited together e.g.

genes for hair color and eye color are linked, so certain hair and eye colors tend to be
inherited together such as brown hair with blue eye.

If genes are linked at autosomes, called autosomal linkage and if genes are linked -

on sex chromosomes, called sex linkage. Linked genes violate the law of independent
assortment because these genes are not free to participate in independent assortment.
Detection of Gene Linkage |

A test cross is an ideal method to know whether the genes  are linked or not. Any
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deviation from the ratio of offsprings as expected by the (SRY Gene Located on Y
law of independent assortment is to be verified for | chromosome encodes a
linkage. A test cross with one of the parents being  transcription factor protein
homozygous recessive. All the offsprings exhibit the = which controls expression of
: other genes. It stimulates male

possible combination of traits in equal ratio if the alleles ; :
development ie. developing

are not linked and other parents of the original cross is tastes secrete /anti mnlleciat
heterozygous. Any significant deviation from this hormone and destroy female
indicates the possibility of linkage. Approaches to test | ciructure. Testosterone
cross can include two-point test crosses for double « hormone develop the male
heterozygous and three point test crosses for analysis  structure.
with three genes. If offsprings in test cross are all parental
types than it is called complete or light linkage and if less recombinant and more
parental types are produced, then this is called incomplete or partial linkage. To
determine the effect of linkage on inheritance, Morgan performed an experiment on
Drosophila (fruit fly).
Morgan Experiment

Thomas Hunt Morgan (1866-1945) was an American geneticist and
embryologist. He performed several experiments on Drosophila melanogaster (fruit
fly). In one of his experiments he crossed long winged and broad abdomen with vestigial
wing and narrow abdomen fly. The long wing and broad a

ydomen are dominant while

-~ - ~ o
. P, —> Longwing \;ﬁ’j Bt § Vestigeal Wing
Broad Abdormen ™ “= g% S 7 5y Narrow Abdormen
Genotype —>  WA/WA f@ 7 = wawa
0o / W\ /¥ Jd

(rametes > [00% WA 100%  wa

E » All long wing broad abdomen
. WA wa
Self crossed

P, > _- .

E F 9 » F '.'3'
Genolype > WA/ wa WA/ wa
Gametes > 50% WA, 50% wa 50% WA, 50% wa

(1
d!l 9 WA Wil
1 ==
WA| WAWA | WA/wa |
Wil WAwa wnm'aJ
Phenotype Type Ratiop ——> 34 ¢ 1/4

e 75% Long wing broad abdomen
25% Vestigeal wing narrow abdomen

Fig.22.10: Morgan Experiment
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vestigial wing and narrow abdomen are recessive traits. So in F, generation all flies were
long winged and broad abdomen. Then he self-crossed two flies of F, generation. In F,
generation he obtained 3/4 of offspring with long wings and broad abdomen and
remaining 1/4 of the total had vestigial wings and narrow abdomen. (Fig.22.10)
Interpretation of Results

These results were unexpected and violation of Mendel's law of independent
assortment r.e. 9:3:3:1. Morgan concluded that the genes of long wings and broad
abdomen located on the same chromosome, so they could not assort independently
during meiosis and rather inherited together. Therefore, no recombinant types were
produced.

Linkage Detection

Gene linkage can only be detected accurately if the number of offsprings are quite
large. It is because the probability i.e. chance of occurring an event determine the kind of
gametes and chances of their fusion. Thus as large number of offsprings will be, the more
chance of accuracy in detection of result. More parental type and less or no recombinant

GgWw REW

Gruy body,
normal wing

Black body,
Reduced wing

-~ Genotypes SR et 2 R R A N
GeWw ZEWW Ggww GeWw

Gray Black Gray Black
normal reduced reduced normal

: :

Parental Nonparental [ Independent assortment
phenotypes ~ phenotypes | predicts these results

¥ ol N

R =

Fig.22.11: Linkage in Fruit Fly
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1s indication of gene linkage. For detection of linkage Morgan mated the dihybrid (Gg
Ww) with recessive parental type flies (gg ww). Morgan's result was very different from
the results, he expected based on the law of independent assortment i.e. 1: 12 1: 1, while
the actual result were quite different i.e. more parental types and less recombinant types.
(Fig.22.11)
Crossing Over

During the formation of gametes, the homologous pairs ‘of chromosomes
exchange their segments. This process is called crossing over. Crossing over results in a
shifting of genetic material and an important cause of genetic variation. The crossing
over brings alleles together in new combinations. When these alleles distribute in
gametes, a wide variety of gametes are produced. This is why the siblings are not
identical. The cross-over data may also be used to determine the location of gene on
chromosome i.e. gene mapping. (Table 22.6) (Fig.22.12)
Table 22.6: Differenc

Crosing Orer

| 1) || Itleadsto separation of linked gene It keeps the genes together.

i) It involves non-sister chromatids of | It involves individual chromosome.
|| homologous chromosomes,

‘ i) || Itincreases variability. It reduces variability.

- iv) || It provides equal frequency of parental It provides higher frequency of parental
‘and recombinant type in test cross type in test cross progeny.

| progeny.
Homologous Recombinant
{ ll”i."[“l-'lﬁull'l‘l.'.‘r I‘I\'.I]E[H (_'!]“'”n;“-i-dh
i L e . . G
Non-sister  Sister Chiasma

Chromatids Chromatids

Fig 22.12: Chromosomal Crossing Over
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“2.7 Sex Determination

- In an organism which is hermaphrodite, i.e.
aving both male and female
h.un?nlnguus pairs of chromosome
similar. However, in unisexual org
H‘ L 1 - = T 4 y

separate, !;ha. chromosome in the male and female differ
ll:l one pair which is associated with sex differentiation.
These chromosomes are calle

sex organs, the
s in body cell are
anism where sexes are

d sex chromosomes.

jj ’ - & g & . LA = &)
22.7.1 Genetic Identification of Sex Phenotype W

/ I e -
| e

| Not all organisms have sex
chromosomes such as wasp,
bees, ants do not have sex
chromosomes. Sex is. there-
fore, determined by fertili-
zation. If egg fertilizes the sex
will be female and if
unfertilized egg then it

I'he difference between male and female phenotypes are generally because of

their sex chromosomes. In bisexual animals

all pairs of chromosomes are similar but in

unisexual animal one pair is different either in male or female.

Sex Determination in Drosophila
Drosophila has four
pairs of homologous chromo-

somes of which one pairisrod >/

like in female and are called

sex chromosome. These are
usually called X chromo- )t
somes. However, each body

cell in male has only one X

chromosome, the other one
replaced by a hook-shaped - )}
chromosome called the Y

chromosome. Therefore, the

female has genotype XX and
the male XY. The other three
pairs of homologous chromo-

Fig.22.13: Chromosomes in Drosophila

somes are called autosomes. So drosophila has three pairs of autosomal chromosomes
and one pair of sex chromosomes. 50 on the basis of sex chromosomes, the female will
pmduce one type of eggs, each will contain X chromosome. However, the male will

produce two types of sperms, one containing an X
containing Y chromosome. (Fig.22.13)

"scx Determination in Human

C

chromosome while the other

[n human there are 23 pairs of chromosomes, 22 pairs of autosome, and 1 pair of
ex chromosome. In human male, both sex chromosomes are quite different from each
S ; :




other. The male has' X

chromosome and much shorter 4 s M\
Y chromosome. In female both < ?( )‘
sex chromosomes are similar in : : 3 T
shape i.e. XX chromosome. So : -

like drosophila, in human. male (r ) J “ K J( I‘ )(
determines the sex of the baby,  ° 7 s gL 12

A girl has inherited one X u “ )‘ p 11 i "
13 14

chromosome from her mother.

15 It 17 18
and one from her father. A boy (¢ ¢ :
baby has received X chromo- 19 !.,. 11.l !nl ) (
some from his mother and Y . : : - 3 '
chromosome from his father. g . _ - o
(Fig.22.14) M g
22.7.2 Patternsof Sex Determination WiACIsGenctie

In different organisms there are different pettening

mechanisms of sex determination. In some groups of | Testing of a population who
animal's male, and in some groups, female determines 274t risk fora genetic disease

; or for transmitting : > fi
the sex. Some common patterns are as follows: neninuR g getc o
genetic disease.

Cells in testis
(Male sex organ)
A / Sperm cell

Male
Fig. 22.15: XX-XY Male Heterogamy

a0

Male Heterogamy
i) XY-XX Type

In this case male poss- i
esses single X-chromosome (Female sex organ)
with Y-chromosome, while
female possesses two X-
chromosomes. This type of sex
determination is found in
human, drosophila and many ®
other animals. In these animals' o
male produces two types of
sperms, ie. X and Y, while
female produces only X type of
eggs. Therefore, if male gamete
~with X chromosome fuses with

egg (female gamete), the baby
will be girl and if sperm with Y

o




chromosome fuses with egg, the baby will be boy. So this is the male which determines
the sex of baby. The ratio of male and female offsprings will be 1:1. (Fig.22.15)

i)  XO-XXType
In bugs and grasshopper. male
possesses unpaired X-chromosome, while

female possesses XX chromosomes. Thus male
gamele (sperms) will be of two types. one
carrying the X chromosome and other without
any sex chromosome thus called nullogamate,
while the eggs are only one type. Therefore. in
this type of sex determination male determines
the sex of the offspring. When sperm with X
chromosome fuses with egg the zygote will be
XX and it will develop into female and if the
sperm without X chromosome fuses with egg the
zygote will be XO and it will develop into male.
The ratio of male and female offsprings will be
equal. (Fi1g.22.16)

Female Heterogamy
WZ-ZZ Type

In this case the female produces two types
of gametes i.e. W and Z type, while male
produces only one type of gamete i.e. Z, so in this
type of sex determination female determines the
sex of offspring. When gamete of male with Z
chromosome fuses with female gamete, the
zygote will be ZZ and this will develop into male.
If the gamete of male fuses with W type egg, the
zygote will be WZ and 1t will develop into
female. Thus chances of male and female
offsprings are equal. This type of sex
determination found in birds and butterflies.
(Fig.22.17)
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Genetic Problem

Why the chances of male and
female are cqual in case of

‘male hetarngamy or female
hetamgamy'?

Comparison of sex dﬂerminaﬂan in Drosophila and Human :
In both Drosophila and human there is male heterogamy:. Therefore, in buth y

groups male determines the sex of offspring. However, there are some differences
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bet':.veen two groups. In human the male sex is determined by SRY gene (sex determining
region of Y chromosome) is located on short arm of Y chromosome. The absence of this
gene in zygote will develop a female. However. absence of entire Y chromosome 1n
zygote will develop into sterile female called Turner's syndrome but in Drosophila XO
will be a sterile male. Similarly, XXY individuals in human are sterile male called
Klinefelter's syndrome but this XXY condition in Drosophila will develop into fertile
female. Therefore, the sex chromosomes in Drosophila has less influence than in human.

22.8 Sex Linkage

The sex chromosomes (X and Y) contain genes which are related to sexual
character (traits) of male and female. However, besides controlling sexual traits, the sex
chromosomes also contain other genes which are not concerned with sexual traits. This
phcfmmenon is called sex linkage e.g. gene for blood clotting factor VIII, gene for
opsin pigment in eye, gene for hairy pinna, erc. An allele that is located only on X-
chromosome (i.e. non-homologous portion) is called x-linked. The allele that is only
located on the (non-homologous portion) of Y chromosome is called Y-linked or
holandric traits. All those such allele which are located on homologous portion of X and
Y chromosome are called XY linked genes or pseudo-autosomal genes because their
pattern of inheritance is like autosomal genes.

22.8.1 Sex Linkage in Drosophila
T.H Morgan (1910) for

the first time discovered sex

linkage in Drosophila. Morgan Q=xx"

when experimenting noted the  Whitc-eyed Female

sudden appearance of one white

» : v = Xty
Red-eyed Male

eyed male in the culture of \I/

&= X"y @ =Xy

normal red eyed Drosophila.
This white eyed male was
crossed with red eyed female.
The F, flies were all red eyed
indicating that white eye color
1s recessive to normal red eye

color. When these F, flies were R;fﬁ"g;‘:d Rpﬂfnfniﬁd

M :
self-crossed freely, the red and —

white eyed flies appeared in the i _
ratio 3:1 n F, genemtiﬂn‘ The Fig.22.18; Sex determinarion in fJJ'u-.u.H.’JHLJ

white eyed flies were male. Among the red eyed fliés two third were female and one third




were male. The female are all red eyed whereas 50% males were white eyed and
remaining 50% male were red eyed. When a reciprocal cross was performed between
white eyed female and red eyed male, all female in F, generation are red eyed andall malE:
are white eyed. When these two types of individuals from F, generation were st:‘..li-
crossed, female population in F, generation will consist of 50% red eyed and 50% white
eyed individuals,

Similarly, the male population in this generation consists of 50% red eyed and
50% white eyed individual. (Fig.22.18)
Morgan Conclusion

On the basis of these results Morgan concluded that the white eye trait gene is
located on X chromosome and this gene is recessive for eye color.

22.8.2 Sex Linkage in Humans
There are many traits in human which are linked with sex chromosomes. The sex
linked traits may be X-linked or Y-linked. The X-linked may be recessive or dominant.
X-Linked Recessive Inheritance
The X-linked recessive inheritance is due to recessive allele on X chromosome.
These are more common in male than female. It is because female possessing one X-
linked recessive is considered carrier. A female for X-linked recessive trait can only be
affected if it carries allele on its both X chromosomes. On the other hand, as male has only
one X chromosome, so if a recessive allele is present on X chromosome it will express
itself. A father cannot donate X-linked allele to his son. So pattern of inheritance is from
grandfather to daughter and then grandson. The examples of X-slinked recessive
inheritance is haemophilia A and B, color blindness and testicular feminization.
X-Linked Dominant Inheritance
The X-linked dominant inheritance is due to dominant allele present on X
chromosome, so this type of inheritance equally affects in male and female, However, all
fef'nale children of affected father will be affected but no male children of affected father
will be affected. The affected mother may ?ffect 1100% children if this dominant allele is
located on both X chromosomes but if ﬂ'.HS dominant allele is located only on one sex
chromosome then chances of affected children will be 50%. The examples of X-linked
dominant inheritance are hypophosphatemia (rickets), incontinentia pigmenti, efc
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and recessive do not apply to Y-linked traits, as only one allele is ever present in any one
(male) individual. "Y' linked inheritance never occur in females. The examples of Y-
linked trait in male are hypertrichosis (growth of hair on ear pinna), porcupine man
(straight hair on body) and webbing of toes. ezc. (Fig.22.19)

Recently two more genes
located on Y chromosomes
have been discovered.

i) Testis determining factor
(TDF).

21l i) Minor Histocompatibility
Fig:22 19+ Haired gene (H-Y)

22.8.3 Sex Linked Disordersin Human
Sex linked disease are passed down in families through one of the X or Y
chromosomes. Some sex linked disorders will be discussed here:

Genetics of Haemophilia

It is a serious disease of human in which blood
fails to clot after it starts flowing from an injury site of ~History of Haemophilia
haemophilia patient. It is an X-linked recessive trait i.e.
its recessive allele is located on 'X' chromosome, say X -
Its dominant allele says X' favors blood clotting. It is
very rare in females as female requires allele from her
both father an¢ mother which is very rare, as very few
diseased males survive to marry and reproduce. On the
other hand, male can easily get this disease. as they only
need to get a recessive gene form the mother.

There are three types of haemophilia ie
haemophilia A, B and C. The allele for haemophilia A
and B are located on X chromosome, so these two
types are X linked. The allele for haemophilia C is located on autosome, so its chances are
equal in male and female. However, haemophilia A and B are more common.
Haemophilia A is caused due to missing blood clotting factor VIII and is about 80% of
total haemophiliac patients. Haemophilia B is due to absence of blood clotting factor IX
and it is about 20%. haemophilia C 1s due to missing of blood clotting factor XI and it is

very rare (less than 1%).
2

The haemophilia is called
royal disease because haemo-
philia gene was passed from
Queen Victoria, who became
Queen of England in 1837 to
ruling families of Russia,
Spain and Germany. Queen
Victoria's gene of haemophilia
was caused by spontaneous
mutation.




Table 22.7: Comparison between different 1ypes of faemopniia
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Genetics of Color Blindness
Color blindness is not a form of blindness at all, o
but a difficulty in distinguishing certain colors, such as | Wl ddiarnies |
blue, yellow, red and green. The color blindness isinfact | Some women can havek a|
o ; : . i : i akes |
a color vision deficiency. It is X-linked recessive genetic mutation that maxes |
: - : them tetra chromatic, which
inheritance. therefore, more common in males than | ., ces their eyes to have 4 i
females. There are three fundamental colors. i.e. Red, |different types of cone cells |
green and blue. There are two types of photoreceptor f—‘“}:?“"g dt‘}il:t?m 10 53;3 1000 |
R ; t ors as
cells in retina of eye i.e. Rod and cone cells. The rodcells §2nr o S
: N compared to a normal person |
are more abundant but these are incapable of perceving {who can see 100 raillion.
color. The cone cells are responsible for color vision.
There are three types of cone cells i.e. red, green and blue color receiving. The cone cells
can receive these colors if they have opsin proteins. The three type of opsin protein 1s
coded by different genes. The gene for red and green opsin are on X chromosomes while
gene for blue opsin is on chromosome No.7 which is autosomal chromosome, so equally
expressed inmale and female. The color blindness may be in the form of dichromacy and

monochromacy.
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Dichromacy
A color blind patient with dichromacy can perceive two primary colors but unable

to one primary color so dichromacy can further have three sub types
1) Protanopia is red color blindness.

2) Deuteronopia is green color blindness.

3) Tritanopia is blue color blindness.

Monochromacy

It is severe type of color blindness in which patient perceive only one color. It is
true color blindness. Usually monochromate cannot perceive red and green colors. It's
pattern of inheritance is same as other X-linked recessive inheritance like haemophilia.

(Fig.22.20)



[ Genetic Problem |

| When a color blind man
| marries with a carrier woman,
| what will be the probability of
| color blind sons and daughter?

rrpel2. Lalor Slimdness Test Protanopia
Genetics of Museular Dyst rophy
Muscular dystrophy is a group of
diseases that cause progressive weakness
and loss of muscle mass. In muscular
dystrophy, abnormal gene (mutations)
interfere with the production of proteins
(dystrophin) needed to form healthy
muscles. There are many different kinds of
muscular dystrophy. Duchene type
muscular dystrophy (DMD). It is X-
linked recessive trait so more common in
male than female symptoms typically

appear in early child-hood. The patient -

feels trouble in running and jumping, , N N

difficulty in rising from lying or sitting up \\\H\

position, muscle pain and stiffness, large

calf muscles, efc. The patients of Duchene Fig.22.21: Muscular Dystrophy

muscular dystrophy hardly survive further
and usually die before the age of twenty.
(Fig.22.21)

22.8.4 Sex Related Traits
Such traits which are associated with male or female are called sex related traits.

These traits may be sex linked or autosomal. There are two types of sex related traits.

1) Sex Limited Traits

i) Sex Influenced Traits
. 1) Sex Limited Traits

Sex limited traits are those characters that are expressed physically in one sex ofa
species. These genes are controlled by sex limited genes or autosomal genes. Although




s but express only in f Genetic Probley,

one sex while in other sex they remain turned n{.zl?r';

Example of such traits are human breast develupmed
female and beard development in male. A woman oes
not grow a beard herself but she can pass the genes oir
heavy beard to her son. These trails arc primary
concerned with sexual dimorphism.

ii)  SexInfluenced Traits

These are autosomal traits that are expressed
based on the influence of the sex, in particular sex
hormones e.g. testosterone, in male and estrogen in
female. The amount of hair on body, muscle mass and
baldness. The baldness is more common in male than
female. The allele of baldness become active to high
level of testosterone.
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these genes are present in both sexe

. Albinism is a rece

trait in humans. Ty,
normal parents have g |
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Two tall, vellow seeded
pea plants were crossed.
and some dwarf, green
seeded plant resulted.

(a) What were the genotypes
of the parent plant?

(b) What possible genotypes
might there be among the tall,
ellow-seeded offspring? )
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1. Justify blood donation as a service to suffering humanity.,

: Bluqc! is the most precious gift that anyone can give to anot her person (the giftof
!lf'eL A decmpn to donate your blood can save a life or even several lives ii"yuurhlﬁlc:md
s separated into components (RBC, platelets, plasma, WBC) which can be used
individually for patients with specific conditions. ‘

Blood donaticn is our social and rel

5 verse 32 “Ifany one saves a life, it shall
kinds™.

The donor also gets benefits of donati
Yo : ng blood. These includes good health and
reduced risk of cancer and hemochromatosis. [t helps in reducing the ri%k of damage to

liver and pancreas. Moreover, donatin ;
cardiuvascularhealthandreducingobesit}ng blood may also help in improving

2. Justify why a recessive blood or
ou 1T
population. group allele 'j

The genotype of blood group ' is ‘it . :
e e D 0 o e o o of s v
blood group O 'ii in all the pffspnng. The cross between hel:t' 'and O 'ii T]"“ s
produce 25% offspring having blood 2r0up O i’ and Sk erozygous I’ and ld k>
will %roduce 25% offspring having blood group O it E:;vl_s: hetero;ygous ['ian I":
and I"i will produce 259@ offspring having blood gru;x' gsfu- et%egn hgterﬂzyﬁgus o
\allele 'i'is more frequent in the population, up O "', That's why bloo gro__/

igions responsibility, as Quran says in Surah
be as thought he had saved the life of all man

is more frequent in the




[Ilht?ri!.ance is the process by which genetic information is passed from parents to
offsprings.

Gregor JohnMendel through his work on pea plants, discovered the laws of
inheritance.

According to Mendel's law of segregation, the two factors in each pair separate or
segregate during gamete formation and each gamete will contain only one factor.

The law of independent assortment states that two or more gene assort independently
of each other pairs of allele during gamete formation.

The chance of occurring an event is called probability.

The product rule states that probability of two or more independent events occurring
together can be calculated by multiplying the individual probability.

When two contrasting characters are crossed and if in F, generation none of the
characters are fully expressed, is called incomplete dominance.

When two contrasting characters are crossed and i in F, generation both of them fully
express themselves, is called co-dominance.

When a character is controlled by more than two alleles is called multiple allele.

Rh blood group is defined on the basis of Rh factor present on the surface of red blood
cells.

Erythroblastosis foetalis occurs when baby's red blood cells break down at a fast rate.
Polygenic inheritance refers to a single intertied phenotypic trait that is controlled by
two or more different genes.

The pigment melanin is responsible for the dark coloration in skin and at least three
genes control skin color in human.

Epistasis is a Greek word which means standing upor.

The Labrador retriever is highly popular type of dog.

The term Gene was introducing by Wilhelm Johnson in 1909, _

The genes that are located on same chromosome are called linked gene and
phenomenon is called gene linkage.

The exchange of segments between homologous chromosomes during meiosis cell
division is called crossing over.

The one pair of chromosomes which are different in male and female are called sex
chromosomes.

WZ-ZZ type of sex determination is found in birds, butterflies, etc.
The genes present on sex chromosomes but not controlling sexual
called sex linkage.

X-linked recessive traits are more commonly expressed in male than female.

characters are




A.

Y-linked inheritance only occurs in male.

Haemophilia and colorblindness are X-linked recessive inheritance.
Such traits which are associated with male or female are sex related traits. These
include sex limited and sex influenced traits.

EXERCISE

SECTION-I: OBJECTIVE QUESTIONS

Multiple Choice Questions (MCQs)

Select the correct answer.

All the genes found in a breeding population.

(a) Genotype (b) Genome

(c) Gene frequency (d) Gene pool

Incomplete dominance was discovered by 4'o clock plantin 1899 by:
(a) De-veries (b) Johannsen

(¢) Carl Correns (d) Tschermach

Bilirubin damages brain cells and turns the skin and white of eyes yellow,
condition is known as:

(a) Hepatitis (b) Leukemia
(c) Botulism (d) Jaundice
Green Colour Blindness 1s called:

(a) Deuteranopia (b) Protanopia
(c) Tritanopia (d) None ofthese

What is the risk of a color-blind child in a family when father is color-blind
but mother is normal?

(a) Zero% (b) 25%

(c) 50% | (d) 100%

The law of independent assortment can be determined by
(a) Testcross (b) Backcross

(c) Dihybridcross (d) None ofthese
Each character is controlled by a pair of

(a) Chromosome (b) Allele

(c) Proteins (d) Enzymes
Anallele is another word for

(a) Gene (b) Genotype

(c) Phenotype - (©) Different forms of a gene
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Phenotype refers to
(a) Genetic makeup
(¢) Recessivealleles (d) Dominantallele

The idea that different pairs of alleles are passed to offspring independently
1s Mendel's principle of:

(a) Unitinheritance

(b) Physical appearance

(b) Segregation

(¢) Independent assortment (d) Law of probability

What type of inheritance do two alleles have if their traits blend together?
(a) Incomplete dominance (b) Co-dominance L
(¢) Overdominance (d) Complete dominance

Anallele whose trait only shows up when no dominant allele is present.
(a) Hiddenallele (b) Dominantallele

(c) Recessiveallele (d) Presentallele

This type of inheritance pattern shows both traits in possible offspring.

(a) Complete dominance (b) Incomplete dominance

(c) Co-dominance (¢) Dominant pattern

Which of the following gives information about phenotype but not
genotype?

(a) XY (b) X'Y

(¢) Tallpeaplant (d) Female carrier to colorblindness
[ftwo white sheep produce a black offspring, the parent's genotype must be
(a) Heterozygous white (b) Homozygous white

(¢c) Homozygous black (d) Heterozygous black

One of the blood group would not be possible for children of a type AB
mother and a type A father?

(a) BloodgroupO (b) Blood group A

(c) BloodgroupB (d) Blood group AB

All chromosomes other than sex chromosomes are called
(a) Polysome (b) Autosomes

(¢) Mesosome (d) Acrosome

[fa gene is found on X-chromosome only then it is said to be
(a) X-Linked (b) Y-Linked

(¢) Sex linked traits (d) XY linked




9. The pattern of sex determination found in Drosophilais

(a) WZ-ZZType (b) XY-XX

(c) XO-XX (d) Diploid, haploid type
)0, The phenomenon of sex linkage was discovered by

(a) CarlCorrens (b) Nilsson Ehle

(¢) T.H.Morgan (d) CalvinBridge

B. Fillin the blank.

..............

Alternate form of gene is known as
............. refers to presence of more than two allele ata locus.

The term gene was coinedby ..............

ABOblood groupisanexampleof............. :

Polygenic inheritance, alsoknownas ..............

Thepigment............. 1s responsible for dark coloration in the skin,
Ageneissaidtobe............. when its presence suppresses the expression
of a gene which is present on another locus,

The Labradorretriever is highly populartypeof ............. :

9, Genes that are located on the same chromosome are called
1) Drosophilahas............. pair of chromosomes.

11 In grasshopper male possesses unpaired X ..............

12 The allele for haemophilia'C'is locatedon..............

13 There are three basic types of cone cells which receive red. geen and
............. light.

--------------

o Give the short answers of the following questions.

1 Write the limitations of law of independent assortment,

) Describe briefly incomplete dominance,

3, Write short note on crossing over. !

1. Describetwotypes of blood antigen make 4 types of blood group

5 Erythroblastosis foetalis is a haemolytic disease of new born babies. .
Explain how? Y

6. Define epistasis and its types.

7 Differentiate between epistasis and dominance.

] Describe Y linked inheritance in man. )

Q. In human male determines the sex of offspring. Explain how?




Describe sex limited traits.
Define monochromacy.

Differentiate between X-linked recessive and X-linked dominant
inheritance.

Write reason that X-linked recessive traits are more common in male than
female.

Describe XX-XY type pattern of sex determination.

[Hustrate is WZ-ZZ type pattern of sex determination.

Compare sex determination in human and Drosophila.

Differentiate between monohybrid and dihybrid cross.

Differentiate between homozygous and heterozygous.

Write reason that Y-linked inheritance is present only in male.

Write the reason that haemophilia and colorblindness cannot be
transmitted from father to son directly.

SECTION-III: EXTENSIVE QUESTIONS

D. Give detailed answers of the following questions.

Define and explain Mendel's law of segregation.

Explain Mendel's Law of Independent assortment.

Explain in detail the ABO blood groups.

Define and explain multiple alleles.

Write a note on transfusion principle of blood.

Define erythroblastosis foetalis and describe its problem complications,
causes and risk factors.

Define polygenic inheritance and also explain wheat grain color as an
example of polygenic inheritance.

Explain epistasis with reference to inheritance of coat color in Labrador
retriever.

Describe Gene linkage by the help of Morgan's experiment.

Define sex linkage and explain sex linkage in Drosophila.

Explain color blindness and haemophilia as examples of X-linked
recessive inheritance.

Human skin color is an example of polygenic inheritance. Explain.
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