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Inheritance Chapter 22 

For instance, in human, the genes for sickle cell anaemia, leukemia, and 
albinism are found on chromosome 11 , so these traits are supposed to be in the same 
linkage group. 

As it is mentioned earlier, that linked genes tend to be inherited together ( en 
bloc inheritance) in the offspring, so usually they do not show recombination and do 
not assort independently in the offspring. So the ideal Mendelian ratio of independent 
assortment is deviated. 
22.6.2 Detection of gene linkage: 

Gene linkage can easily be detected by perfonning a teslcross between two 
gene pairs (dihybrid test cross). In such type of test cross, a heterozygous individual 
for two traits (F,) is back crossed with its recessive parent (P,). If all four phenotypic 
combinations (parental & recombinants) are produced in equal 1: 1: l : J ratio, then 
there would be no linkage between the genes. If this ratio is deviated i.e. more 
parental types and less recombinant types, this indicates the incomplete or partial 
linkage; but if only parental types are produced, complete or tight linkage is 
believed. 

To se.! how linkage between genes affects the inheritance of two different 
characters, let's take an example from T. H. Morgan's experiments on Drosophila.In 
Drosophila, the shape of wings exists in two fonns; nonnal wmg shape is dominant 
over vestigial wing. 

Similarly, body colour also exists in two fonns; the grey body colour is 
dominant over black body colour. When Morgan made a cross between the individual 
having grey body and normal wings with another individual having black body and 
vestigial wings, all the F, progeny inherited grey body and nonnal wing phtmolypes. 
When these flies were test crossed with their P, recessive, following results were 
observed: 

• Grey body and normal wings (parental type) -= 965 
• Black body and vestigial wings (parental types) • 944 
• Grey body and vestigial wings (recombinant types) = 206 
• Black body and nonnal wings (recombinant types) = 185 

Since most offspring had a parental phenotype (incomplete/ partial linkage), Morgan 
concluded that the genes for body colour and wing size are located on the same 
chromosome. However, the production of a relatively small number of offspring with 
nonparental phenotypes indicated that some mechanism occasionally breaks the 
linkage between the genes on same chromosome. 

Later on it was discovered that crossing over at the time of meiosis (gamete 
formation in animals and spore fonnation in plants) is the mechanism that 
occasionally breaks the linkage between the genes on same chromosome. 
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22.6.3 Crossing over: 

Subsequent experiments demonstrated that the process which is responsible 
for the recombination oflinked genes is crossing over. In crossing over, an exchange 
of maternal and paternal chromatid parts occurs while homologous chromosomes are 
paired during prophase of meiosis I. The recombinant chromatids resulting from 
crossing over may bring alleles together in new combinations, so when they are 
distributed in different gametes, a wide variety of gametes are produced. 

Let's recall Morgan's experiment in which a female fly having grey body and 
normal wings was crossed by a male fly having black body and vestigial wings. 
Although most of the eggs had a chromosome with either the b + vg • or b vg parental 
genotypes for body colour and wing size, but some eggs had a recombinant 
chromosome with b+ vg orb vg• genotypes. Fertilization of these various classes of 
eggs by homozygous recessive sperms (b vg) produced an offspring population in 
which 17% exhibited nonparental, recombinant phenotypes. These recombinants 
were the products of crossing over. 
22.6.4 Recombination frequency & Genetic Map of chromosome: 

Discovery oflinked genes and recombination due to crossing over led one of 
Morgan's students, Alfred H. Sturtevant, to a method of constructing a genetic map 
or linkage map, an ordered list of genetic loci along a particular chromosome. 

Sturtevant hypothesized that recombination frequencies, which are the result 
of crossing over, depend upon the distance between the linked genes on 
chromosomes. So he assumed that the farther apart two genes are, the higher the 
probability that a crossover will occur between them and therefore the higher the 

~ recom~jnation frequency. The recombination frequency is determined as follows: 

Sum of rccomblnnnts 
Recombination rrcqucncy O 

11 -= -------- X 100 
Sum of ull comblnutlon 
(Purcntul I Rccumbinunts) 

4 Using recombination data from various fruit fly crosses, Sturtevant assign 
relative positions of several genes along the length of chromosome. For instance, 
figure 22.8 shows the Sturtevant's linkage map of three genes: the body colour (b), 
wing size (vg), and a third gene, called cinnabar (en). Cinnabar is one of many 
Drosophila genes affecting eye colour. Cinnabar eyes, a mutant phenotype, are a 

.. brighter red than the wild type colour. The recombination frequency data is given 
below: 

• cn - b =9% 
• cn- vg =9.5% 
• b- vg = 17% 
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With the help of these data, the only assumption about the location of these 
three genes can be made is that c..·11 is located midway to the b and vg. Sturtevant 
expressed the distances between genes in map units. 

,._ 9% _. .... 9,5% + 

17% 

---■ b en vg 

Fig:22.8 

The map units are arbitrary, so they are not related to any physical units of 
length, however, one map unit is supposed to equal to 1 % recombination frequency. 
Today map units are often called ce1Jti111orga11s (cM) in honorofMorgan. 
The b-vg recombination frequency ( 17%) is slightly less than the sum of the b-cn and 
cn-vg frequencies (9 + 9.5 = 18.5%) because of the few times that crossover occurs 
between band en and an additional crossover occurs between en and vg. The second 
crossover would "cancel out" the first, reducing the observed b-vg recombination 
frequency while contributing to the frequency between each of the closer pair of 
gene. The value of 18.5% (18.5 map units) is closer to the actual distance between the 
genes, so a geneticist would add the smaller distances in constructing a map. 

Whether we are male or female is one of our more obvious phenotypic 
characters. Although the anatomical and physical differences between women and 
men are numerous, the chromosomal basis for determining sex is rather simple.The 
search for mechanism of inheritance ot sex started afler dbcovcry of Mendel's work 
in 1900. A clear picture of the genetic basis of sex detennination emerged after the 
discovery of sex chromosome. 
22. 7.1 Patterns of Sex Determination: 

There is a wide variety of sex determining mechanisms but three patterns are 
more common. 
XO - XX Type: 

This pattern of sex determination is found in grasshopper and Protenor bug. 
Male is XO because it has only one X chromosome. The other sex chromosome is 
missing entirely. Male is hctcrogametic because it fonns two types of sperms; half 
the sperms have X chromosome and the other half without any sex chromosome. A 

gamete without any sex chromosom® llo...:g;:-:am~ e-te, .... ---,...:::=£!!~ 
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Female is XX, because it has two X chromosomes. It is homogametic, as it 
forms only one type of eggs. Every egg carries an X chromosome. Sex of the 
offspring depends on the kind of sperm that fertilizes the egg. If an X-carring spenn 
fertilizes the egg, an XX female offspring is produced. lfthe nullo sperm fertilizes 
the egg, an XO male offspring is produced. Sex ratio between male and female 
offspring is l : 1. -----------------------~ P, xx X XO 

Gametes 

xx 
F, 9 

Sex ratio 1 1 

XY - XX Type: Fig: 22.9 XO-XX Type 
This pattern of sex determination is found in Drosophila, human and many 

other organisms. Male is XY and female is XX. Male being heterogametic produces 
two types of sex-determining sperms. Half the sperms carry X-chromosome and the 
other half carry Y ... chromosome. Chances for both types of sperms are equal. 

Female being homogametic produces only one type of eggs, each with an X 
chromosome. Sex of the offspring is determined by the type of sperm. If an X -
carrying sperm fertilizes the egg, the zygote will be XX, and a female offspring is 
produced. If a Y - carrying sperm fertilizes the egg, the zygote will be XY, and a male 
offspring will be produced. The sex-ratio between male and female offspring is 1: 1. 
Sex ratio indicates chances of the sex of the offspring. Chances for a son or daughter 
in human birth are e ual. 

P, X cf XY 

½@ ½0 
Gametes 

1 l 
xx XY 

F, ~ cf 
SexraHo 
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XX-XY type or WZ- ZZ Type: 
This type of sex - detennination pattern is common in birds, butterflies and 

moths. It was discovered by J. Seiler in 1914 in moth. It is the reverse of XY - XX 
system. Here the female is heterogametic XY but the male is homogametic XX. 
Female produces two kinds of eggs X and Yin equal proportions. All sperms are 
alike, each carrying an X - chromosome. It is the kind of egg that determines the sex 
of offspring. When an X - carrying egg is fertilized by the sperm, a male offspring is 
produced, but when a Y - carrying egg is fertilized by the sperm a female offspring is 
produced. Sex ratio is l: I .---------------------... ,. X cf XY 

½@ ½0 
Gametes ·1 1 xx XY 

F, d 
Sex ratio 

Fig: 22.11 XX-X'l or\\ &ZZ r~ pe 

22.7.2 Compari~on of chromosomal determination of sc~ between Drosophila 
and Humans: 

Although both Drosophila and humans follow the same XY - XY sex 
determining pattern, yet there is a basic technical difference between the two. 
Presence of'SRY' gene on Y chromosome is essential for triggering the development 
of maleness in humans. Absence of Y chromosome simply leads to the female 
development path. XO Turner's syndrome in humans produced through non­
disjunction is a sterile female. But in Drosophila XO is a sterile male. Similarly XXY 
individual produced through non disjunction gametes in humans is a sterile male 
called Klinefelter's syndrome, but the same XXY set of chromosomes in Drosophila 
produces a fertile female. 

Species 

Drosophila 

Humans 

--
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There is a close genie balance between genes of different chromosomes. Drosophila 
has an X chromosome-autosome balance system. Its Y chromosome appears to have 
little influence on sex. 

Here actually the X chromosome is female detennining and the autosomes 
are male determining. Sex of an individual depends more on the number of X 
chromosomes relative to the number of sets of autosomes. 

An X: A ratio of 1.00 or higher produces female whereas an X: A ratio of0.5 
or lower produces males. 

22.8 SEX LINK.\GE 

22.8.1 Sex Linkage in Drosophila 
T. H. Morgan made the first demonstration of a sex-linked trait in 1910. 

Through his experiments on Drosophila, the common fruit fly, Morgan showed that 
the inheritance of eye colour and sex occurs in a coordinate fashion. He reasoned 
correctly that the eye colour gene is located on the X chromosome but is not present 
on the Y chromosome. This meant that the recessive allele specifying white eyes is 
always expressed in males but could be masked by the presence of a dominant red eye 
colour allele in heterozygous females.Drosophila melanogaster eye colour turned 
out to be a most informative trait. At first, all the flies Morgan raised were wild type 
for eye colour; they had brick- red eye ( wild type). 

In 1910, a white-eyed male appeared in a laboratory bottle. Apparently the 
variant form arose through a spontaneous mutation in a gene controlling eye colour. 
Morgan established true breeding traits of white-eyed males and females. Then he did 
a series of reciprocal crosses represented in the following figures. 

Parental (P) fnllt flies 
Alele for Alele for 
red eye whHe eye 
colour colour 

Locus !Of eye ~ 

colour gene 

X' X' x- y 
XandY 

Chromosomes 
X Chromosomes 

Red•eyed female White-eyed male(Sport) 

Fig 22.12 X and Y = sex chromosomes, R = the dominant allele for red e~ e colour, w = 
the recessive allele for white-eye colour; XH indicates that the X chromosomes carries 
the allele for red eyes; X" indic;ites that the X chromosomes carries allele'i for \\hite 
eyes. The Y-chromosomes has no locus for eye colour genes. These :ire the phenot~ fH.•s, 
sex chromosomes and alleles for eye colour in !\I organ's e.~periment:il fruit flies in the P 
generation. 

• 
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PX P f , 

Parents Gametes Fertlllzatlon and Offspring F, 

AU X' Gametes 50% x•x-
x· y 

X"V 
SO% X' X' x•x· X'Y 50% X'X' 

SO% y 
1,237 red-eyed flies 

Hg. 22.13 In Morgan's fint preliminary experiment (PxP), homozygous red eled 
females were mated with the white--e~cd males. TIie female could produce gametes 
containing only X11

• The sperm of the male could contain either a Y chromosome or an 
X . A Punnett square is used to describe the offspring produce bl the fertilization of 
parental gametes. The phenotypes and genotypes and rulios of the F, arc also shown 

F, F, F, 
Gametes Fertlliz:atlon and Offspring F, 

SO% X' x•x· 
x.'x· x· 'f 2,459 

50% x· 
X' X'X' X'Y x•x· 

50% X' x· x·x· x·v x·v 1,011 
X'Y 

50% y 
x·v 782 

Fig 22.14 In Morgan's second preliminary experiment, F1 females were mated with F, 
males. Morgan hypothesis explained clearly why all the \\-hite e~ed flies in F1 

generation were only males. 
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F, cx•x·1 F, {X.Y) 

Parents Gametes Ferflllzatlon and Offspring Offsp,lng 

x•x· 9 50%0 25%red {X'Xj 

50%0 
C x· y 

25%whlte {x·x1 
X' x•x· x·v 

SO%G:) 25%red (X'Y) 
x·v x· x·x· x·v 

50%C[:) 25%whlte cx·v) 

Fig 22.15 Morgan wanted to test his hypothesis .he crossed F, females heterozygous 
for white-eyes with white-eyed male. The four combinations of offspring resulted (25 
percent red-eyed female!!, 25 percent white-eyed females, 25 percent red-eyed males 
and 25 percent white-eyed male!!).Whltc eyed female provided an opportunity for a 
further confirmatory test .For this a cross was made between white eyed female 
(X"X11

) with a red eyed male (X11Y). All the females' offspring's had red eyes and all 
male off spring had white eyes (Fig: 22.16). 

F 

x·x 
tll•f".l X' X 

(Egg.,;) 

x-~ -
x· x .. x· 

x i:y 

~ y 
,<1r .. , ~ r .t 

(&11JT1~) 

X'Y 

X'Y 

(X'Y) \\h1lt! ~ c.\l nt1h: 
e 

Fig: 22.16 

Morgan experiments were designed to test prediction derived from his 
hypothesis that factor for eye colour is associated with X chromosomes. A trait whose 
gene is present on X-chromosome is called X-linked trait and a gene which is present 
on X- chromosomes with no counter part on Y -chromosome is called X-linked gene. 
Same is the case with Y - linked genes. Y-chromosome do carry some gene having no 
counter part on X chromosome e.g SRY genes on Y chromosome of man determines 
maleness. Y-linked genes directly pass through Y chromosome from father to son. 
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22.8.3 Types of sex linked traits: 
A trait whose gene is present on X chromosome is called X- linkage trait. X­

linked traits are commonly referred as sex-linked trait. A gene present only on X 
chromosome, having no counterpart on Y chromosome, is called X-linked gene. 

Sex-linked inheritance follows a very specific pattern. As a son inherits his X 
, chromosome only from his mother, and a daughter gets as X chromosome from each 

parent, an X - linked trait passes in a crisscross fashion from maternal grandfather -,. 
(P l) through his daughter (F 1) to the grandson (F2). It never passes direct from father 
to son because a son inherits only Y chromosome from father. · 
22.8.4 Sex Link~ge in Humam 

Humans have many X - linked traits of which some like haemophilia and 
colour blindness are recessive while others like hypophosphatemic or vitamin D 
resistant rickets are dominant. X - linked dominant is a trait which is determined by 
an X linked dominant gene, while X - linked recessive is a trait that is determined by 
as X -- linked recessive gene. Their patterns of inheritance are very different from 
each other. 

Experimental matings are not practically possible in humans. Mode of 
inhentance of human traits can be traced through pedigrees. 
X-Llnkcd Recessive Inheritance 

Characteristics of X-Linkcd Recessive Inheritance: Females possessing one 
X-linked recessive mutation are considered carriers and will generally not manifest 
clinical symptoms of the disorder. All males possessing an X-linked recessive 
mutation will be affected (mal1:s have a single X-chromosome and therefore have 
only one copy ofX-linked genes). All offspring ofa carrier female have a 50% chance 
of inheritmg the mutation. All female children of an affected father will be carriers 
(daughters posses their fathers' X-chromosome). No male children of an affected 
father will be affected (sons do not mherit their fathers• X chromosome). 
Some examples of X-linked Recessive Disorders: 

• Hemophilia A and B 
• Colour Blindness 
• Diabetes Insipidus 

X-Llnked Dominant lnhcrltimcc: 
Characteristics ofX-Linked Dominant Inheritance: A male or female child of 

an affected mother has a 50% chance of inheriting the mutation and thus being 
affected with the disorder. All female children of an affected father will be affected 
(daughters possess their fathers' X-chromosome). No male children of an affected 
father will be affected (sons do not inherit their fathers' X-chromosome ). 
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Some examples of X-Llnked Dominant disorders: 
• Alport's syndrome 
• Coffin - Lowry syndrome (CLS) 
• Idiopathic hypoparathyroidisrn 
• Vitamin D resistant rickets 

Y-Hnked Inheritance: 

Cha ter 22 

In mammals, Y-linkage refers to when a phenotypic trait is detennined by an 
allele ( or gene) on the Y chromosome. It is also known as holandric inheritance. 

The Y-chromosome is small and does not contain many genes, therefore few 
traits are Y-linked, and Y-linked diseases are rare. Because the only humans which 
have a Y chromosome are males, the genes are simply passed from father to son, with 
no interchromosomal genetic recombination. 

Chromosome Y deletions are a frequent genetic cause of male infertility. 
Another example in humans of a Y-linked trait was thought to be hairy ears (it may 
also be sex-limited). However, this has been discredited. 

22.8.5 Genetics of Haemophilia: 
A well-studied sex-linked trait in humans is hemophilia, a disorder that renders the 
individual less able to fonn blood clots. This is a serious medical problem because in 
hemophiliacs, or bleeders, even a minor injury can result in a major loss of blood. 
Because the hemophilia allele is recessive and carried on the X chromo~ome, 
hemophilia is predominantly a male disorder. In fact, hemophilia is extremely rare in 
females because there are so few hemophiliac males that survive to marry and 
reproduce. Largely the phenotypically normal female carrier maintains the faulty 
allele in human population 

. 22.~ 6 Gt•nrtics of c0Jour-hli'lcl11e1;s: 
Red green colour blindness is a recessive sex linked trait that renders 

individuals unable to distinguish shades of red or green and both appear gray. 
To understand why colour blindness occurs much more frequently in males, 

let us examine the types of parental combinations that can produce colour blindness 
in sons and daughters. 

A son inherits the colour- blind allele from his mother, who may be either 
colour- blind herself or, more likely, a normal- sighted carrier. There is a 50% chance 
that a son will inherit the colour blind trait from a carrier mother. Whether or not the 
father is colour-blind (XcY or X'Y) has no bearing because a son receives only the Y 
chromosome from his father. 
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~ Parents 

Fathlll' 

Three Children 

~. Px, x~v x·v x•v 
Seven grandchildren 

Doughfef'i chUdren 

H eMtol ~ nit"'-"'~~~ c~ bllntli,e" 
In lhrN • generc: on pedlgroe for colow bllndne1s, the phenotypes 
end known genotype& mo lndlcOlod. Assigning genolypas lo lh<t mola 
Is -sy. Colour bind males have colour bllnd •le{X") and th• normal •slghled 

mole hove Ille normal (X'), Normal 1lghl•d females may be oHher 
homozygous(X' X' ) or hel••orygo111(X'X"). the lalar are canl•rs ol ttu, 
ol lhe colour bind allele. whose ldenllly as such usually hinges on thek 
giving bkth to colour bind sons or to daughters wl\o ho•e colo111 blind son1. 
A female whose genotype Is unclflaln Is Indicated t.v x•x•. 

Fig: 22,17 

Normal female 

!!I Normal mole 

Colout bllnd male 

For a daughter to be colour-blind, however, not only her mother must have at 
least one allele for colour blindness, but her father must be colour-blind. As this 
combination of parents occurs rather infrequently, there are few colour-blind 
females in the human population. 
ll.3. 7 ~x R~laitd 'l'Hl~ 

Sex related traits are those which are associated with maleness or 
femaleness. These traits are not necessarily being sex linked. Tht:se traits may 
be controlled by sex linked or autosomal genes. 
Se'\'. limited traits: 
A sex limited trait is a type of sex related trail which is confined to only one sex 
due to anatomical differences. Such traits affect a structure or function of the 
body present in only males or in only female. 

For example: Genes for milk yield in dairy cattle affect only cows. 
Similarly beard growth in human is limited to men. A woman does not grow a 
beard herself but she can pass the genes specifying heavy beard growth to her 
son. 
Sex influenced trait: 

Sex influenced traits are also the type of sex related traits. These occur 
in both males and females but they are more common in one sex. Such traits arc 
controlled by an allele that is expressed as dominant in one but recessive in the 
other. This difference in expression is due to honnonal difference between the 
sexes. 
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For example: Baldness is a sex influenced trait. Many more men than 
women arc bald. It is inherited as an autosomal dominant trait in males but as an 
autosomal recessive trait in females. A heterozygous male is bald but a heterozygous 
female is not. A woman can be bald only when she is homozygous recessive. 
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• The tendency of individuals to resemble their parents is known as 
heredity. 

• The science which deals with mechanism of the heredity and variation 
is called genetics. 

• Mendel was the first who successfully explained the mechanism of 
inheritance during his research work on pea plant. 

• According to the law of dominance, different characters are controlled 
by units called factors; factors occur in pairs, of a pair, one factor 
dominates the other. 

• A dihybrid cross describes a mating experiment between two 
organisms that are particularly different for two traits. The offspring of 
such cross is called dihybrid which is heterozygous at two different 
genetic loci. 

• Overall, dominance relations are: complete dominance, incomplete 
dominance, co-dominance and over dominance. 

• ABO blood groups are found in all humans and in many other primates 
such as apes chimpanzees, baboons, and gorillas. There are four 
principal types: A, B, AB, and 0, there are two antigens and two 
antibodies that are mostly responsible for the ABO types. 

• The Rh blood group system currently consists of 50 defined blood­
group antigens, among which the 5 antigens D, C, c, E, and e are the 
most important ones. 

• Epistasis is defined as the phenomenon in which the effect caused by 
the genes at one locus interferes with or hides the effect caused by 
another gene at another locus. 

• A continuously varying trait is encoded by alleles of two or more 
different gene pairs found at different loci, all influencing the same trait 
in an additive way. These quantitative traits are polygenic traits. AH 
the genes that control a quantitative trait are called polygenes which 
have a small positive or negative effect on the character. 

• Human skin colour is a good example of polygenic (multiple gene) 
inheritance. 
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• The phenomenon of staying together of more than one gene on the same 
chromosome is called gene linkage. 

• In crossing over, an exchange of maternal and paternal chrbmatid parts 
occurs while homologous chromosomes are paired during I?_ropbase of 
meiosis!. 

• There are wide variety of sex determining mechanisms but three 
patterns are more common which are XO-XX Type, XY -XX Type and 
XX- XY type or WZ- ZZ Type. 

• A trait whose gene is present on X-chromosome is called X-linked trait 
and a gene which is present on X- chromosomes with no counter part on 
Y -chromosome is called X-linked gene. Sarne is the case with Y 
- linked genes. 

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)



osomes and DNA Chapter 23 

EXERCISE 
t- Multiple Choice Questions 
(i) Bfood group B p/,e11otype co11tai11s anti-A antibodies i11 the serum a11d 

aggluti11ates a11y RBC with a11tigen: 
(a) AB (b) 0 
(c) A (d) B 

(ii) Chances for a so11 or daughter i11 human birth are: 
(a) 3:1 betweensonanddaughter (b) 1:3 between son and 
daughter 
(c) 1: 1 between son and daughter (d) None of them 

(iii) The number of linkage group;,, man is: 
(a) 02 (b) 23 
(c) 46 (d) 92 

(iv) A ma11 of blood group A marries a womau of blood gro11p B aud they have 
one child. Which one of t/,e followi11g statements abollt the cl,i/d's blood is 
correct? 
(a) lt could be group A only 
(b) Jt could be group AB only 
(c) It could be group A or Group B only 
(d) It could be any of the groups A, B, AB, 0 . 

(v) How ma11y different kinds of gametes will be formed by a11 individual, who 
is heterozygous for four gene puirs: 
(a) 8 (b) 16 
(c) 20 (d) 30 

(i•i) A woman with m,rmal colour visio11, whose father was red-green colour 
blind, married a red-gree11 co/011r-bli11d 111a11. What is the probability of her 
first-born child beiug red-green colour blind? 
(a) 1.0 (b) 0.75 
(c) 0.50 (d) 0.025 

(vii) Two parents, each of blood groups A, have a daughter of blood group 0. 
What is the probability that their next child who has blood group O? 
(a) 0.125 (b) 0.25 
(c) 0.50 (d) 0.75 

(viii) What ure the phe11ntypes uf the pare11/ of a co/011r-bli11d son and 11on­
carrier daughter with normal colour visio11? 
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(/x) 

(x) 

2-

3-

Father Mother 
(a) Carrier Noimal 
(b) Colour-blind Carrier 
(c) Noimal Carrier 
(d) Normal Colour-blind 
When expression of a biological character is observed in variable intensity 
it is due to the affect of: 
(a) multiple alleles 
(c) epistasis 

(b) 
(d) 

codominance 
polygenic inheritance 

/11/reritance of skin colour i11 ma11 is controlled ·by eight pairs of genes, 
'which are: 
(a) linked 
(c) multiple alleles 
Short Questions 

(b) 
(d) 

codominent 
assorting independently 

(i) Why pea was the most suitable plant for Mendel's experiments. 
(ii) Differentiate between dominance and epistasis. 
(iii) State the dominance relations among the alleles of ABO blood 

group system 
(iv) What were the Mendel's observations about the phenotypes and 

genotypes in F2 generation of monohybrid cross. 
Differentiate between sex limited and sex influenced traits 

i'l'\._ 
(v) 

Long Questions 
(i) Define and explain the law of segregation. 
(ii) How Mendel performed dihybrid cross? What he did proposed on 

the basis of his observations in this cross. 
(iii) Describe the genetic basis of ABO blood group system. 
(iv) What is polygenic inheritance? Explain its mode of inheritance by 

taking an example in human. • 
(v) Describe Morgan's historic work on sex linkage in Dro.m bila. 
Genetic Problems 

(i) A woman with Type O blood and a man with Type AB are expecting a child. 
What are the possible blood types of the kid? 
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EXERCISE ? -----....-:111:i:a::~.::==--
(ii) What are the possible blood types of a child whose parents are both 

heterozygous for "B" blood type? 
5- Analyzing and Interpreting 

• Collect data from class or the school to see how many individuals have 
AB blood group and construct a pie chart and histogram for collected 
data. 

b- lnitiatm1• and Planning 
• Hypothesize that in dihybrid inheritance pattern of colour and texture 

of pea seed, the two traits are not inter dependent. 

7- Pcrformin;; and Record no 
• Build a thematic chart for blood groups for his/her class fellows and 

idenh fy the antigens present in blood. 
• Test his/her blood group using antisera and explain which antigens and 

antibodies he/she has? 
8- .~ci~ncc, Tcchnolob'Y, and Society Conucchons 

• Evaluate incomplete and co-dominance as variation of Mendel's research. 
• Drive an idea to get alternative of blood transfusion. (reference could be made 

to synthesize plasma and serum) 
• Justify· why the recessive blood group allele •"'i" is more frequent in the 

population. 
• Justify blood donalion as a service to suffering humanity. 
• Name and explain the techniques employed for embryonic screening, e.g. 

Amnioeentasis. 
• Suggest ways to solve lives through the knowledge gained in this chapter. 
• Describe how the field of genetics has progressed to more applied science. 
• Justify the effectiveness of some of the treatments of haemophilia. 

6- Online Lcarnmg 
• www.phschool.com/science/biology 
• www.11cbi.11lm.11ih.gov 
• www.11ature.com 
• biology.clc.uc.edu/courses/bio I 05/geneprob.htm 
• www.sciencedaily.com 
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