Principles of Inheritance

and Variation

( Fastracl« Revision )

» Genetics is the branch of blology which deals with
Inherltance and varlations of characters from parents to
offspring.

» Father of Genetlcs is Gregor Johann Mendel.

» Inharltance Is the process of passing charactars From
parent to progeny. It Is the basls of heredity.

» Varlation is the degree by which progeny differs
from thelr parents. Varlatlons can be In terms of
physiology, morphology and behavioural characteristics of
individual belonging to same specles. Variatlans arise due
to reshuffling of chromasomes, crossing over, mutations
and effect of environment.

Mendel’s Law of Inheritance

> Mendel conducted hybridisstion experiments on garden
peas far seven years (1856-1863). On the basls of these
experiments, he proposed the laws of Inherltance.

» He selected the characters that has two opposing tralts
and concluded his hybridisation experiments on 14
true-breeding pea plant varlaties. True-breeding means
a breeding line which has undergone continuous self
pollination and shows stable tralt Inheritance and expres-
slon far many generatlons.

» Roasons For selecting garden pea plant
> They are easlly avallable on large scale.
» There are many varieties with distinct characteristics.
» They are self-pollinated and can be cross-pollinated
caslly.
» They have a short life cycle.
> Reasons For success of Mendal
» He studied one character at a tima.
> He used avallable techniques to avold cross-polllnation
by undesirable pollen grains.
> He applied mathematics and statistics to analyse the
results obtalned from him.
» Mendel selected seven contrasting characters For the
experiment.

Inheritance of One Gene (Monohybrid Cross)

» Mendel crossed tall and dwarf pea plant and collected the
seads from them. Seeds were used to generate plants of
first generatlon (F, or Fillal progeny). Mendel observed
that all the First generation plants were tall and none of
them were dwarf. He made similar observations for the
other palrs of tralts. He concluded that F, generatlon
resembled elther ane of the parents.

» He then selfpollinated the tall F, plants and observed
that some of them were dwarf. i.e. 1/4th out of all.

» Similar results were obtained for other traits too. In F,
generation, both the traits were expressed In proportion
of 3:1. Domlinant tralt in F; Is about thrice of the recesslve
form. These contrasting tralts did not show any blending
at elther F or F; stage.

» Based on these observations, he concluded that
something was belng stably passed from one generation
to the other. He named it ‘factors’ which are now called
as 'genes’,

» Gene is the unit of inherltance. It contains informa-
tion that Is required to express a particular trait in an
organism. Genes which code for a pair of contrasting tralts
are known as ‘alleles’. They are slightly different for a
same gene.

» For representing tralts using alphabetical symbols, capltal
letter Is used fFor the tralt expressad at F, generation and
small letter Is used for the other one.

» Examplae: T for Lall tralt, & For dwarf.

» Tandtare alleles of each other. Palrs of alleles For helght
Inthe plants are TT, Tt and tt.

» TTandttare homozygous. TT and tt are called ganotype
ofthe plant while the description terms tall and dwarF are
phenotype. Tt represents heterozygous.

» Test cross is the cross between an Indlvidual with
dominant tralt and a recessive arganlsm, It helps us to
understand whether the domlinant tralt Is homozygous or
heterozygous.

» The productlion of gametes by the parents, farmation of
zygotes can be easlly understood by Punnatt square. It
was glven by British geneticlst Reginald C. Punnett. It s a
graphical representation used to calculate probabllity of
all possible ganotypes of offspring In a genatlc cross.

Laws of Mendel

On the basis of his observations on manohybrid crosses,

Mendel proposed two rules to consolldate his understanding

of Inheritance In monohybrid crosses. These rules are called
Laws of Inheritance and are as Follows:
» Law of Dominance
» The dominant allele masks the effect of recessive
allele. It explains the expression of only one of the
parental characters In a monohybrid cross In F, and
expresslan of bothin F,,

» Characters are controlled by discrete unlts called
factors.

» In a dissimilar palr of factors, oane member of palr
dominate the other. Example: allele of tallness (T) Is
dominant over allele of dwarfness (t).

e e e e e e o o e o o — o — — — — o— — — o— — o o]

Get More Learning Materials Here : &

@g www.studentbro.in



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

» Law of Segregatlon

> It states that every individual possess two alleles of
a gene and these alleles segregate from each other
during gamete formation (at the time of melosls).
Alleles do not blend and both the characters are
recovered during gamete formation in F; generation.

» Homozygous individuals produce one type of gametes
while heterozygous Individuals produce two types of
gametes each having one allele with equal proportion.

pdge BGOSTER
The low of segregation Is the most fundamental
principle of heredity that has universal application
with no exception.

(]
Deviations from Mendel's Laws

On the basis of Mendel's principles, all the patterns of
Inheritance could not be explalned v/hich are:

> Incomplete Dominance: When the experiments were
repesated using other traits in thelr plants, sometimes It
was found that F, progeny does not resemble elther of the
parent but it was a mixture of two.

Example: Snapdragon or Antirrhinum sp. or dog flower «
Inherltance of fFlower colour shows incomplete dominance.

» Co-dominance: The two alleles are able to express

theamselves Independently when present togethar.

> Example: ABO blood grouplng In humans Is controlled
by gene L. It has three alleles I*, 1° and .

> 1A 1 Is dominant aver 1. If I* and | are present, anly I*
expresses. If 1Y and i are present, 1® expresses and i I
and I® are present, both of them express each other.

» ABO blood grouping In human belngs Is also a good
example of multiple alleles.

Inheritance of Two Genes (Dihybrid Cross)
Mendel also worked with two charactars on pea plant, He
chose colour and shape of the seed to explain the Inheritance
of two genes.

Y- Dominant yellow colour

vy = Recesslve green colour

R-Round shape of the seed

r —=Wrinkled shape of the seed
» Law of Independent Assortment

> It states that whaen two palrs of tralts are combined
in a hybrid, segregation of one pair of characters Is
independent of the other palr of characters.

» The law was derived on the basls of Mendel's
observations on dlhybrid crosses In which the
phenotypes--round, yellow; wrinkled, yellow; round,
green and wrinkled, green appeared In the ratlo
R

» Chromosomal Theory of Inheritance

» Mendel published his work oninheritance of characters
in 1865 but was unrecognised till 1900.

» In 1900, de Vrles, Correns and von Tscharmak worked
independently and rediscovered Mendel's results on
the Inheritance of characters.

> In 1902, Walter Sutton and Theodore Boverl studled
the chromosomal movement during meiosis and gave
same important results.

» Genes are located at specific locatlons on the
chromosomes.

» Chromosomes as well as gene both occur In palrs.

» Homologous chromosomes separate during melosis.

> Fertilisation restores chromosome number to diploid
condition.

» Chromosomes
independently.

» Linkage and Recomblnation

> Morgan carried out several dihybrid crosses In
Drosophila to study genes that were sex-linked.

> Morgan hybridised yellow-bodied, white-eyed females
to brown-bodied, red-eyed males and intercrossed
their Fy progeny.

» According to him, two genes dld not segregate
independently of each other and F, ratlo deviated from
9:3:3:1. This concluded that genes are linked and this
pracess is called linkage.

> Recombination is the rearrangement of genetic
materlal. The generatlon of non-parental gene
comblination durlng dlhybrid cross Is called
recombination. When genes are located on same
chromosome, they are tightly lnked and show less
linkage. This Is responsible for varlatlon.

» Polygenic Inheritance

> There are many traits which are not so distinct In thelr
occurrence and are spread across a gradlent.

» In humans, we don't have tall or short people as two
distinct alternatives but a whole range of possible
helghts. Such traits are controlled by three or
more genes and are called as polygenlc tralts, The
phenomenon is called as polygenic Inheritance.

» Pleiotropy

» Sometimes, a single gene can exhiblt multiple
phenotyplc expression. Such a gene s called o
plelotroplc gene,

» The mechanism of plelotropy Is the effect of a gene
on metabollc pathways which contribute towards
different phanotypas. e.g. disease phanylketonuria.

> Sex Determination

» Different organisms have dIfferent types of sex
determination.

> Cytological observations In Insects led to the
development of concept of genetic or chromosaomal
basis of sex determination.

» In 1891, Henking traced o specific nuclear structure all
through spermatogenesis in Few Insects.

> He observed that specific nuclear structure Is located
on 50% of sperms only. He discovered X-body but was
unable to explaln its significance.

» Ininsects, XO type of sex determination Is present. All
the eggs have an additional X-chromosame besides the
autosomes. Same sperms bear X-chromosome whereas
some do not.

> Eggs fertllised by sperm having an X-chromosome
become females and those Fertllised by sperms that do
not have an X-chromosome become males.

> Example: Grasshopper (males have only one
X-chromosome besides autosomes and females have a
pair of X~-chromosomes).

> Sex Determination in Humans
» XY type of sex determination Is seen in human beings.

segregate as well as assort
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> Males have autosomes plus XY while females have
autosomes plus XX.

» Drosophila also has XY type of sex determination.

» Such a sex determination mechanism is an example of
male heterogamety.

Knowledge BOOSTER w

Criss-cross inheritance is a type of sex-linked
inheritance where a parent passes the traits to the
grandchild of the same sex through offspring of
the opposite sex, that Is father passes the traits to
grandson through his daughter (digynic) while the
mother transfers traits to her grand daughter through
< her son (diandrlc).

» Sex Determination In Birds
» ZW type of sex determination Is seen In birds.
> Females have ZW and meales hove ZZ-chromosomes
besldes the autosomes,.
> In blrdy, sex |8 determined by type of ovum, l.e. Z or W.
> In blirds, females are heterogametlc and such o

sex determinatlon machanism Is called Ffemale
hoterogamoty.
» Genetic Disorders
» Genetlc disorders are caused by one or more
abnormalities in autosomes or sex chromosomes of a
person.
» They are Mendellon disorders and chromosomal
disordars.
» Mandellon Disordera
> Autosomal Dlsorders: Cystic Abrosis, slckle-cell
anaemla, myotonlc dystrophy, phenylketonurla,
thalassemia.

> Sex-linked Disorders: Haemophilla, colour blindness.
l. Slckle-cell Anaemia

> Autosome linked recessive tralt.

> It can be transmitted from parents to the offspring
when both the parents are carrler for the gene.

> Dissease Is controlled by a single pair of allele, Hb" and
Hb".

» Hb% Hb® homozygous shows the diseased phenotype.

> Heterozygous Individuals Hb"Hb® show normal
phenotype but they are carrier of the disease,

> The defect Is caused due to substitution of Glutamic
acld (Glu) by Valine (Val) at the sixth position of the
beta globin chaln of the haemoglobin molecule. It
results from single base substltution from GAG to CUG
at sixth codon of the beta globin,

» Due to thils, mutant hagmoglobin is formed. It
undergoes polymarisation under low oxygen tension
causing the change in the shape of the RBCs from
blconcave to elongate sickle-like structure.

Il. Thalassamla

> Autosome-linked recesslve blood disease,

» Transmitted From parents to the offspring when both
the partners are unaffected carrier For the gene.

» The defect could be due to elther mutation or deletion
which results In reduced rate of synthesls of globin
chalns (a and B chains) that make up haemoglobin,

» The formation of abnormal haemoglobin molecules
result Into anaemla.

> Thalassemla Is a qualitative problem of syntheslizing an

incarrectly Functioning globin.
lll. Phenylketonurla

> Inborn error of metsbollsm and Is an autosomal
recessive tralt.

> Affected individual lacks an enzyme that canverts the
amino acid phenylalanine into tyrosine.

» Due to this, phenylalanine gets accumulated and
converted Into phenyl pyruvic acld and other
derivatives.

» Accumulation of
retardation.

IV. Haemophilia

> Sex-linked recessive disease.

» Aslingle protein that s a part of the cascade of proteins
involved in the clotting of blood Is affected.

» In affected individual, a simple cut will result In
non-stop bleeding.

> Heterozygous Female (carrler) can tronsmit the disease
to son.

> Possibility of female becoming a haemaophllic I
extremely rare.

V. Colour Blindness

> Sex-linked recessive disorder.

» Defect occurs In elther red or green cone of eye
resulting in Failure to discriminate between red and
green colour.

> The defect is due to mutatlon In certaln genes present
in the X-chromosome.

» It occurs in about 8% of males and only about 0.4% of
females.

» Chromosomal Disorders

> It is caused due to absence or excess or abnormal
arrangement of one or more chromosomes.

> Ancuploidy: Fallure of segregation of chromatids
during cell division cycle results In the galn or loss of a
chromosome(s).

> Polyploldy: Fallure of cytokinesis after telophase
stage of cell division results In an Increase In a whole
set of chromosomes In an organism.

> Some common examples of chromosomal disorders
are Down's syndrome, Turner's syndrome, Klinefelter's
syndrome.

l. Down's Syndrome

> Galn of extra copy of chromosome 21 (trisomy 21).

> It was First described by Langdon Down (1866).

» Affected individual Is short with small round head,
furrowed tongue and partlally open mouth.

» Broad palm with characteristic palm crease.

> Physlcal, psychomotor and mental development Is
retarded.

Il. Turnar's Syndrome

» Loss of an X-chromosome In human females /.e. 45 with
XO.

» Such females are sterlle as ovaries are rudimentary.

» Lack of other secondary sexual characters.

Il Klinafelter's Syndrome

> Presence of an additional copy of X-chromosome
rasulting Into karyotype of 47, XXY,

» Overall mascullne development though Ffeminine
developmant is also expressed.

» Sterile Indlviduals.

phenylalanine causes mental
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& Practice Exercise

"I Multiple choice Questions N

QL

Qa.

How many types of gametes would be produced if
the genotype of a parant is AaBB?

(CDSESQP 2021, Tarm-1)
a. 1 b. 2 &3 d 4

Which of the following statements indicates
parallelism in genes and chromosomes?
(CBSESQP 2021, Torm-1)
(i) They occur in pairs

(ll) They segregate during gamete formation

(iii) They show linkage

Q3.

Q4.

Q5.

Q6.

Q7.

Q8.

(iv) Independent palrs segregate independently

a. (1) and (iif) b. (1) and (iii)

¢ (i), (i) and (iii) d. (i). (i) and (iv)

In the F, generation of a Mendellan dihybrid cross,
the number of phenotypes and genotypes are:

a. phenotypes - 4; genotypes - 16

b. phenatypes - 9; genotypes - 4

c. phenotypes - 4; genotypes « 8

d. phenotypes - 4; genotypes - 9

The colour based contrasting tralts In seven
contrasting pairs, studled by Mendel In pea plant,
were:

a1 b. 2 ¢.3 d. 4
Genes that code for a pair of contrasting traits are
known as:

a. dominant genes b. alleles

c. linked genes d. None of these
Arecessive allele Is expressed In:

a. heterozygous condition only.

b. hamozygous condition only.

c. Fy generation.

d. Both homozygous and heterozygous conditions.
What should be the genotype of the Indicated
member?

I:I—I—O
om0 e o

m
a. AA b. Aa
c. XY d. aa

In human beings, where genotype AABBCC
represents dark skin colour, aabbcc represents light
skin colour and AaBbCc represents intermediate
skin colour; the pattern of genetic inherftance can
be termed as: (CBSESQP 2021, Term-1)
a. plelotropy and cadominance

b. plelotropy and Incomplete dominance

c. polygenic and qualitative Inheritance

d. polygenic and quantitative inheritance

Q0.

Q1lo.

Which of the following combination of chromosome
numbers represents the correct sex determination
pattern in honey bees? (CBSE SQP 2021, Tarm-1)
a. Male 32, Female 16 b. Male 16, Female 32
C Male 31, Female 32 d. Male 32, Female 31
Which of the following criteria must a molecule
fulfil to act as a genetic materlal?
(CBSE SQP 2021, Tarm-1)
(i) It should not be able to generate its replica

(ii) It should chemically and structurally be stable

(iii) It should not allow slow mutation

QL.

qQl2.

Ql3.

Q4.

Q5.

Q16.

Ql7.

Q18.

(iv) It should be able to express itself in the form of

Mendellan characters
a. (i) and (ii) b. (if) and (iii)
c () and (v) d. (II) and (lv)
A cross is made between tall pea plants having
green pods and dwarf pea plants having yellow
pods. In the F, generation, out of 80 plants how
many are likely to be tall plants?
(COSESQP 2021, Tarm-1)
a. 15 b. 20 C. 45 d. 60
In Antirrhinum, RR Is phenotyplcally red flowers,
rr i8 white and Rr Is pink. Select the correct
phenotypic ratlo in F; generation when a cross Is
performed between RR x Rr: (CBSE SQp 2021, Turmi-1)
a. 1Red : 2 Pnk : 1 White b. 2 Pink : 1 White
c 2Red: 2 Pink d. All Pink
What would be the genotype of the parents if the
offspring have the phenotypes in 1:1 proportion?
(CBSESQP 2021, Tarmi-1)
8. Ap x A b. AA x AA
c. Aa x AA d. Aa x aa
A couple has two daughters. What Is the probability
that thoe third child will also be a female?
(COSE SQpP 2021, Tarmi-1)
2. 25% b. 50% C. 75% d. 100%
Genotyplc ratio of 1:2:1 Is obtained in a cross
between: (CDSE SQP 2021, Tarm-1)
a. AB x AB b. Ab x Ah c. Abxab d abxab
Person having genotype I* I would show the blood
group as AB. This is becausa of:
a. plelotropy
b. co-dominance
C segregation
d. Incomplete dominance
ZZ/ZW type of sex determination is seen In:
a. platypus b. snalls
c. caockroach d. peacock
Choose the set of sex determining chromosomes
that indicates the correct sex of the respective
organism:
a. Homozygous sex chramosomes (ZZ) determine
fermale sex in birds
b. X0 type of sex chromosames determine male sex
In grasshoppers
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Q19.

Q20.

Q2L

c XXY conditdon in humans, as found In Turner
syndrame, determines male sex

d. Homozygous sex chromosomes (XX) produce
male sex In Drosophila.

Number of autosomes present in Liver cells of a

human female is:

a. 22 autosomes b. 22 pairs

c. 23 autosomes d. 23 pairs

Which of the following amino acid substitution is
responsible for causing sickle-cell anaemia?
(CBSESQpP 2021, Terin-1)

a. Valine is substituted by glutamic acid in the
a-globin chain at the slxth position

b. Valine Is subastituted by glutamic acld In the
B-globin chain at the seventh position

c. Glutamic acld Is substituted by valine In the
a-globin chaln at the sixth position

d. Glutamic acld is substituted by valine In the
B-globin chaln at the sixth poslition

Rajesh and Mahesh have defective haemoglobin
due to genetic disorders. Rajesh has too few
globin molecules while Mahesh has incorrectly
functioning globin molecules. Identify the disorder
they are suffering from. (CBSESQP 2021, Tarm-1)

Rajesh Maohesh

Sickle-cell anaemia- Thalassemla-an
an autosome Unked autosome linked
recesslve trait dominant tralt

Thalaggemla-an Sickle-cell anaemia-
autosorne Unked an autogsame linked
recesslve blood disorder | rocesslve tralt

Slckle-cell anaemla- Thalassemla-an
an autosome Unked autosome linked
recessive tralt recesslve blood disorder

Thalagsemla~an Sickle-cell anaemia-
autosome Unked an autosome lnked
recessive blood disorder | dominant tralt

Q22.

Qas.

Q 24.

Researchers the world over are trying to transfer
apomictic genes to hybrid varieties as hybrid
characters in the progeny: (CBSE 2021, Torm-1)
a. do not segregate

b. segregate

c. develop genetlic varlations

d. will remain unexpressed

The cause of Klinefelter's syndrome in humans Is:
(CBSE2021, Turin-1)

a. absence of Y-chromosome

b. absence of X-chromosome

c. extra copy of an autosome

d. extra copy of an X-chromasome

Select the incorrect pair: (COSE 2021, Tarm-1)
a. Polygenic inheritance : Haemophilla

b. Linkage : Drosophlla

c. Incomplete dominance : Antirrhinum

d. Plelotropy : Phenylketonurla

Q 25. According to Mendel, the nature of the unit factors
that control the expressian of traits were:
(CBSE2021, Termi-1)

a. stable b. blending
c. stable and discrete d. discrete
Q26. Which of the following animals exhibit male
heterogamety? (CBSE 2021, Termi-1)
(i) Fruitfly (ii) Fowl
(iii) Human (iv) Honeybee
a. (i) and (iii) b. (ii) and (iv)
c. (i) and (iii) d. (i) and (iv)

Q27. The probability of all possible genotypes of
offsprings in a genetic cross can be obtained with

the help of: (CBSE 2021, Tarm-1)
a. Test cross b. Back cross
c. Punnett square d. Linkage cross

Q28. The number of different types of gametes that
would be produced from a parent with genotype

AABBCc is: (COSE 2021, Tarm-1)
a. 1 b. 2 C.d d 4

Q29. Select the important goals of HGP from the given
options: (COSE 2021, Tarni-1)

(i) Store the information for data analysis.
(ii) Clonning and amplification of human DNA.
(iil) Identify all the genes present in human DNA.
(Iv) Use of DNA Information to trace human history.
a. (1) and (1) b. (ii) and (iii)
c. (i) and (iii) d. (il) and (iv)

Q30. In human rolling of tongue is an autosomal
dominant trait (R). In a family bath the parents
have the trait of rolling tongue but their daughter
does not show the trait, whereas the sons have the
trait of rolling of tongue. (CBSE 2021, Tarm-1)
Thae genotypes of the family would be:

Mother Father | Daughter Son
a. Rr Rr m rr
b. Rr Rr T RR
T rr Rr RR m
d. RR rr Rr Rr

Q81. Given below is a Karyotype of a human foetus
obtalned for screening to find any probable genetic
disordar: COSE 2021, Tarm-1)

Y R

TR
Il

w

IC W % W

i " 16 |1}

(R YRR ¥ (
10 a0 a1 22

X ¥
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Q 32.

Based on the Karyotype, the chromosomal disorder

detected in unborn foetus and the consequent

symptoms the child may suffer from are:

a. Turner's syndrome : Sterile ovaries, short stature

b. Down's syndrome Gynaecomastia, overall
masculine stature

¢. Turner's syndrome : Small round head, flat back
of head

d. Down's syndrome
stature

: Furrowed tongue, short

In the dihybrid cross that was conducted by Morgan
involving mating between parental generation for

genes yellow bodied, white eyed female Drosophila

and wild type male Drosophila, upto F, generation
is given below:

YW yw
Wid type Whito ?
¥ ¥ W
[= = ——au] [0 w el
Fy Uﬂnﬂmtionﬂ&:‘:m oo yallow, whilo yallow

Q39.

Q34.

W fum— Fgonaraflon
fld typo  Yallow, white A YAl
oD o=

y vi Y W
WId lype vihilo
¥ W W
v YW
yobow, whilg  yollow

Study the result obtained of the F, progeny. Selact

the correct option from the glven cholces for the F,

progeny.

a. Parental type, 1.3% : Strength of linkage high

b. Recomblinant types, 1.3% : Strength of linkage
low

¢. Parental type, 98.7% : Strength of linkage high

d. Recombinant types, 98.7% : Strength of linkage
low

In Plsum sativum, the flower position may be axlal
(allele A) or terminal (allele a). What would be the
percentage of the offspring with respect to axlal
flower position, if a cross Is made between parents

Aa x aa? (CBSE 2021, Tarm-1)
a.25% b. 50%
c.75% d. 1009%

Given below are the palrs of contrasting traits in
Pisum sativum as studied by Mendel. |dentify the
incorract pairs of trafts: (CDSE 2021, Tarm-1)

Character Dominant | Recessive
a. | Stem height | Tall Dvsarf
b. | Seed shape Round Wrinkled
¢. | Pod colour Yellow Green
d. | Flower Axlal Terminal
position

Q 35.

Q 36.

Qar.

A plant breeder crossed a pure bred tall plant
having white flowers with a pure bred dwarf plant
having blue flowers. He obtained 202 F, progeny
and found that they are all tall having blue flowers.

Upon selfing these F, plants he obtalned a progeny
of 2160 plants. Approximately how many of these
are likely to be short having blue flowers?
(COSE 2021, Term-1)
a. 1215 b. 405 c. 540 d. 135
Possibility of the blood groups of the children in a
family where the father Is heterozygous for blood
group A’ and the mother is heterozygous for blood
group 'B’, would be: (CBSE 2021, Tarm-1)
a. Blood groups A,'B’
b. Blood groups ‘A, 'B, 'O’
c. Blood groups AB, 'O’
d. Blood groups A, ‘B, AB’, 'O
The correct statement with respect to thalassemia
in humans is:
a. a-thalassemlia is controlled by a single gene
HBB.
b. The gene for a-thalassemla
chromosome 16.
¢. B-thalassemia Is controlled by two closely Linked
genes HBA-1 and HBA-2.
d. In p-thalassemia the production of w-globin
chaln is affected.

s located on

-' Assertion & Reason Type Questions )

Directions (Q.Nos. 38-46): Each of the following questions
consists of two statements, one Is Assertion (A) and the other
Is Reason (R). Select the correct answer to these quest/ons
from the codes a, b, ¢ and d as glven below.

Q38.

Q 99.

Q 40.

Q4l

a. Both Assertion and Reason are true and Reason Is
the corract explanation of Assertion.

b. Both Assertion and Reasan are true but Reasan ls
not the correct explanation of Assertion.

¢. Assertlon [s true but Reason |s false,

d. Assertion Is false but Reason Is true.

Assertion (A):In amonohybrid cross, F, generations

Indicate dominant characters.

Reason (R): Dominance occurs only in heterozygous

state.

Assertion (A): In thalassemia an abnormal

myoglobin chain is synthesised due to a gene

defect.

Reason (R): u-thalassemia Is controlled by genes
HBA-1 and HBA-2 on chromosome 16.

Assertion (A): Pure lines are called true breed.
Reason (R): True breeds are used for cross breeding.

Assertion (A): The princlple of segregation given
by Mendel is the principle of purity of gametes.

Reason (R): Gametes are pure for a character.
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Qa42.

Q43.

Q 44.

10.

.
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Assertion (A): Co-dominant alleles lack dominant
recesslve relatlonship.

Reason (R): Co-dominant alleles show Incomplete
dominance.

Assertion (A): Complementary genes are non-
allelic genes.

Reason (R): Complementary genes Interact to
produce a completely new trait.

Assertion (A): Quantitative inheritance is called
polygenic inheritance.

Reason (R): Several genes control the expression
of a trait.

Q 45.

Q 46.

|Answers'

(b) 2

According to the Law of Independent Assortment, an
Individual with genotype AaBB can produce gametes
vith elther an allele 'A' or allele a for gene locus ‘Al
However. for gene locus B. all gametes will carry the
allele ‘B’ because this Individual only carries one type
of allele for this gene locus. Therefore, this Individual
villl hove two types of gametes, which Is AB or aB.
(d) (i). (it) and (iv)

The chromosome behaviour dictates the gene's
segregation behavlour. They occur In palrs and
they segregate durlng gamete formation. Also, the
independent pairs segregate independently. Thus.
therels a paralleismseenIngenes and chromosomaes.
(d) phenotypes- 4; genotypes-- 9

(@) 1

(b) alleles

(b) homozygous condition only

(d) aa

(d) polygenic and quantitative Inheritance

A genotype with all'dominant’ capital genes (AABBCC)
has the maximum amount of melanin and very dark
skin. A genotype with all recessive’ small case genes
(mbhcc% has the lowest amount of melanin and very
light skin. Each 'dominant’ capltal gene produces one
unlt of colour, so that a wide range of Intermediate
skin colours are produced, depending an the number
of 'dominant’ copltal genes In the genatype. Such a
pattern of genetic Inheritance Is called polygenic and
quantlitative Inherltance.

(b) Male 16, Female 32

The sex determination in honey bees is based on
the number of sets of chromosomes an Individual
recelves. An offspring formed from the unlon of a
sperm and an egg develops as a fernale (queen or
weorker), and an unfertilised egg develops as a male
(drone) by means of parthenogenesis. This means
that the males have half the number of chramosomes
than that of a female. The females are diplold having
32 chromosomes and males are haploid. Le. having
16 chromosomes.

(d) (1) and (Iv)

To act as a genetic material @ molecule should
chemically and structurally be stable and it should
be able to express Itself In the form of Mendellan
characters.

(d) eD

A cross Is made between pure tall pea plant with

12,

13.

14,

15.

16.
17.
18.

19,
20,

21.

22,
23,
24,
25,

Assertion (A): When the two genes in a dihybrid
cross are situated on the same chromosome, the
proportion of parental gene combinatlons is much
higher than non-parental type.
Reason (R): Higher parental gene combinations
can be attributed to crossing over between two
genes. (CBSE SQP 2021, Terni-1)
Assertion (A): Accumulation of phenylalanine
in the brain results in mental retardation in
phenylketonuria.
Reason (R):The affected personlacks phenylalanine
which is therefore not converted to tyrosine.

(CBSE SQP 2021, Tarm-1)

green pods (TTGG) to dwarf pea plants with yvellow
pods (ttgg). In F; generation, 16 plants are formed. In
this, tall green are 9, tall yellow are 3, dwarf green
are 3 and dwarf yellow are 1. Tall plants are 12., green
plants are 12. dwarf plants are 4, yellow plants are 4
thot are formed.

Therefore, number of tall plants @ 1216 x 80 « 60.
(c) 2 Red: 2 PInk

When a cross Is performed between RR x Rr, the
resulting Fy generation plants had a phenotyplc ratio
of 2 Red : 2 Pink.

(d) Aa x as

If the offspring have the phenotypes In1:1 proportion.
then the genotype of the parents would be A x an.
(b) 50%6

Each pregnancy has a 50% chance of resulting In a
boy or grl and this does not Include the possibility
of multiples. Having 2 daughters previously does not
affect the chonces of any resulting pregnancy. The
chance of having third child as female remalns at
509

(b) Ab x Ab

Genotyplcratioof 1:2:11s obtalned In a cross betwreen
Ab x Ab.

(b) co-dominance

(d) peacock

(b) XO type of sex chramosomes determine male sex
In grasshoppers

(b) 22 palrs

(d) Glutamic acld Is substituted by valne In the
B-glabln chaln at the sixth position

Sickle-cell disease Is caused by a single polnt mutation
(a missense mutation) In the beta-haemoglobin gene
that converts a CAG codon into GUG, which encodes
the amino acld valine rather than glutamic acld In the
f-globln chain at the sixth position.

(b) Rajesh-Thalassemla-an autosome lnked recessive
blood disarder.
Mahesh-Sickle-cell
recessive tralt
Through the given defect, it Is clear that Rajesh is
suffering from an autosome lnked recesslve blood
disorder le. Thalassemla and Mahesh [s suffering
from an autosome lUnked recessive tralt Le. Sickle-
cell anaemla.

(c) develop genetic variations

Ed) extra copy of an X-chromosome

a

(

anaemla~an autosome lnked

) Polygenic Inheritance: Haemophila
¢) stable and discrete
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26.
27.

36.
37.

38.

41.

g

Ea) (1) and (iii)

¢) Punnett square

One of the easlest ways to calculate the mathematical
probabhility of Inheriting a specific trait was invented
by an English Geneticist named as Reginald Punnett
His technlgue was thus popularly accepted as Punnett
square. It Is the simplest graphical way of discovering
all possible combinations of genotypes that may
occur in offsprings.

b) 2

c) (1) and (Ili)

b) Mother-Rr: Father-Rr: Daughter-rr: Son-RR

a) Turner’s syndrome: Sterile ovaries, short stature
) Parental type—98.7%: Strength of linkage high

50%
Character-Pod colour; Dominant-Yellow;
Recesslve-Green.
. (d)135
TTWW x ttww
TtWw
{ Self pollination
TtWw x TtWw (202 parts)
2160 plants (total) in F
TW=-9]
Tw « 3 | According to ratlo
tW - 3 | of dihybrid cross
tw —1
The tatal number of short and blue flowered plants
Is! % x2130 = L =135,

(d) Blood groups ‘A’ ‘B ‘AB' 'O

(b) The gene for o-thalassemia Is located on
chromosome 16.

(a) Both Assertion and Reason are true and Reason
is the correct explanation of Assertion.

Monohybrld cross s a cross between two organisms
of a species which is made to study the inheritance
of a single pair of alleles aor factors of a character.
Domlinant character is one of a palr of alleles which
can express itself whether present in homozygous or
heterozygous state. In F; generation (the generation
of hybrids produced from a cross between the
genetically different homozygous individuals called
parents) the progenies are heterozygous dominant

. (d) Assertion Is false but Reason Is true.
. (b) Both Assertion and Reason are true but Reason is

not the correct explanation of Assertion.

Pure lne s a strain of genetically pure true breeding
individuals. Members of pure line are homozygous for
one or more characters. In homozygous form both the

factors express the same effect. These organisms are
said to breed true. They are used for cross breeding in
order to get the desired Improvement In crops.

(a) Both Assertion and Reason are true and Reason
is the correct explanation of Assertion.

According to principle of segregation (first law of
Mendelism). the two factors of a character which
remaln together in an individual to not get mixed up
but keep their identity distinct, separate at the time
of gametogenesis or sporogenesis, get randomly
distributed to different offspring as per the princlple
of probability. Gametes carry a single factor or allele
for a trait. The two Mendelian factors present In
the F,plants segregate during gamete formation.

42.

43,

45,

46.

Biology | Class 12 | 63

The principle of segregation is called the principle
of purity of gametes because segregation of the
two Mendelian factors of a trait results in gametes
recelving only one factor out of a pair. As a result
gametes are always pure for a character.
(c) Assertlon Is true but Reason Is false.
Such alleles which are able to express themselves in
the presence of each other are called co-dominant.
They do not show dominant recessive relatlonship
and are able to express themselves independently
when present together. Far example. Blood group
A and B shows codominance as when present
together. They show AB blood group. In Incamplete
dominance, one of the alleles is more pranounced
for example in Mirabllis jalapa when red (dominant)
and white (recessive) flowers crossed the progeny
Is pink. Therefore, co-dominance is different from
Incomplete dominance.
(b) Both Assertion and Reason are true but Reason Is
not the carrect explanation of Assertion.
(a) Both Assertion and Reason are true and Reason
Is the correct explanation of Assertion.
Quantitative inheritance is a type of Inheritance
controlled by one or more genes In which the
dominant alleles have cumulative effect with each
dominant allele expressing a part or unit of the trait.
the full trait being shown only when all the dominant
alleles are present. The genes Involved in quantitative
inheritance are called polygenes. A polygene Is
defined as a gene where a dominant allele controls
only a unit or partial quantitative expression of a trait.
(c) Assertion Is true but Reason s false.
When the genes are linked, the proportion of parental
gene combinations are much higher than non-
parental types. When the genes for certaln features
(like black eyes and shaort wings of Drosophila) are
located very close to each other on a chromosome,
there are little chances of crossing over. giving
higher parental combination. When the genes are
on different locii on a chromosomes, the distance
between them belng considerable, there are higher
chances of recombination, giving rise to mixed or
non-parental features.
(c) Assertion Is true but Reason is false.

) Case Study Based questions 3

Case Study 1

Inheritance of One Gene

According to Mendel, one gene controls the
expression of one character only. The ability
of a gene to have multiple phenotypic effect
because it influences a number of characters
is an exception. The gene having a multiple
phenotypic effect because of its ability to control
two or more characters can be seen in cotton.
In cotton, a gene for the link also influences the
height of plant, size of the ball, number of ovules
and viability of seeds.
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Q2.

Q3.

Q4.

Q5.

Genes with multiple phenotypic effects are known
as:

a. hydrostatic genes

b. duplicate genes

C. pleiotropic genes

d. complimentary genes

Which of the following disorder is an example of
genes with multiple phenotypic effects?

a. Phenylketonurla b. Haemophlla

c. Sickle-cell anaemla d. Both a. and c.

Which of the following Is an example of gene with
multiple phenotypic effect?

a. Drosophila white eye mutation.

b. Kernel colour in wheat.

c. Helght In human beings.

d. Skin calour In human belngs.

Which of the following statements Is not correct

regarding genes with multiple phenotyplc effect?

a. It is not essentlal that all the traits are equally
Influenced.

b. Occaslonally a number of related changes are
caused by a gene.

C. It occurs due to effect of the gene on two or more
Inter-related metabolic pothways.

d. None of the above

Assertion (A): In garden pea, the gene which

controls the flower colour also controls the colour

of the seed coat and presence of red spots In the

leaf axils.

Reason (R): A plelotropic gene Influences more

than one trait.

a. Both Assertion and Reason are true. and Reason
Is the carrect explanation of Agsertion.

b. Both Assertlon and Reason are true, but Reason s
nat the correct explanation of Agsertlan.

c. Assertlon Is true, but Reason Is false.

d. Assertion s false but Reason Is true.

[ A l P

1.

LAanswers | *

@ 2 (d 3@ 4 85 (@

Case Study 2

Haemophilia’s a Mendelian Disorder

Hoemophilia is a sex-linked disease which is also
known as bleeder’s disense as the patient will
continue to bleed even from a minor cut since ho
or she does not possess the natural phenomenon of
blood clotting due to ubsence of anti-hacmophilic
globulin or factor VIIT and plasma thromboplastin
factor IX essential for it. As a result of continuous
blecding, the patient may dic of blood loss colour
blindness is another type of sex-linked trait in
which the eye fails to distinguish red and green
colours. Vision is however, not affected and
the colourblind can lead a normal life, reading,
writing and driving (distinguishing traffic lights
by their position).

QL

Qe

Q3.

Q4.

Q5.

(a) 1.

If a haemophilic man marries a woman whose

father was haemophilic, and mother was normal

then which of the following holds true for their

progenies?

a. Of the total number of daughters. 50% daughters
are carrier and 50% are haemophilic

b. All the daughters are haemaphilic.

c All sons are haemophllic and all daughters are
narmal

d. All sons are normal and all daughters are carriers.

A man whose father was colourblind and mather

was normal marries a woman whose father was

haemophilic and mother was normal. Which of

the following is true for their progenies? (Note:

Percentage is from the total number of progenies).

a. 25% female progenles carry the gene for both
haemophila and colour blindness.

b. 25% male pragenies carry only the gene of colour
blndness.

€. 25% female progenles carry only the gene of
colour blindness.

d. 25% male progenles and 25% female progenles
carry the gene of haemophilla.

Which of the following statements is incorrect

regarding haemophilia?

a. It is a dominant disease.

b. A single protein Involved In clotting of blood Is
affected.

c. It s recesslve disease.

d. It Ig a Mendellan disorder.

Anup Is having colour blindness and Is married to

Sanl who Is normal. What Is tha chance that thelr

son will have the disease?

2. 100% b. 5086 c. 25% d. 0%
Refer to the given cross.

Parants X oxoxx"

Gomates  X° X ¥

Progony 1) (23 (3) (4
Select the corroct option regarding 1, 2, 3 and 4.
(b) 1.

Colourblind carrier Colourblind people
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female
2. Colourblind 2. Haemophilic
haemaophilic Female female
3. Normal male 3. Normal male
4, Haemophllic male 4, Haemophllic male
(1. Colourblind female (d) 1. Colourblind carrier
female
2. Colourblind and 2. Normal female
haemophllic Female
3. Normal male 3. Normal male
4, Normal male 4, Haemophllic male
. '| Answers ', -
1 (a) 2. (d) 3. (a) 4, (d) 5. (a)
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Case Study 3

QL

Ang,

Q2.

Ans,

Q3.

Ans.

Ang.

Mendel’s Law of Inheritance

Prashant wanted to find the genotype of a pea
plant bearing purple coloured flowers in his
kitchen garden. For this, he crossed purple
flowered plant with white flowered plant. As
a result, all plants which were produced had
purple flower only. Upon selfing these plants,
75 purple flower plants and 25 white flower
plants were produced. Now, he can determine
the genotype of a purple flowered plant by
crossing it with a white flowered plant.

Read the given passage carefully and give 1he
answer af the following questions:

Which law cannot be derived from the crosses
done by Prashant?

Mendel's law of independent assortment cannot be
derived from the crosses done by Prashant.

To determine the genotype of a purple flowered
plant, Prashant crossed this plant with a white
flowered plant. What does this cross represent?

This cross represents a the test cross.
In white flowered plant, allele is expressed In
which condition?
In white flowered plant. allele is expressed in
homozygous condition only.

OR
What does the character, /.e., purple colour of the
flowars that appeared In the first filial generation
Is called?

Such a character Is called domlnant character.

Case Study 4

Chromosomal Disorders

The chromosome numberis fixed for all normal
organisms lecading to spccies specification
whereas any abnormality In the chromosome
number of an organism results into abnormal
individuals. For example, In humans 46 is the
fixed number of chromosomes both in male
and female. In male it is ‘44 + XY' and in
female it 1s ‘44 + XX', Thus the human malc
is heterognmetic, in other words produces
two different (ypes of gametes one with
'22 4+ X' chromosomes and the other with
22 4+ Y' chromosomes respectively. Human
female, on the other hand is homogamelic /.e.
produces only one type of ganmete with ‘22 +
X' chromosomes only.

Sometimes an error may occur during meiosis
of cell cycle, where the sister chromatids fail to
segregale called non-disjunction, leading to the

Ql

Ans,

Qa.

Ans,

Q3.

Ans.

Ans.

Case

production of abnormal gametes with altered
chromosome number. On fertilisation such
gametes develop into abnormal individuals.

Read the given passage carefully and give the
answer of the following questions:

State what is aneuploidy. (CBSE2023)
Aneuploidy is a genetic condition in which an
Individual has an abnormal number of chromaosomes
in their cells. It may occur due to extra or less
number of chromosomes.
If during spermatogenesis, the chromatids of sex
chromosomes fail to segregate during melosls,
write only the different types of gamates with
altered chromosome number that could possibly
be produced.
2240, 22 + XY.
A narmal human sperm (22 + Y) fertilises an ovum
with karyotype ‘22 + XX'. Name the disorder the
offspring thus produced would suffer from and
write any two symptoms of the disorder.
Klnefelter syndrome
Symptoms:
1. Males with feminine characteristics
2 Decreased facial and body hair.

OR
Name a best known and most common autosomal
aneuplold abnarmality in human and write any two

symptoms. (CBSE2023)
Down syndrome I8 the mast well-known example of a
chramosomal aneuploldy.

Symptoms:

1. A flattened face. especlally the bridge of the nose.
2. Almond-shaped eyes that slant up.

Study 5

Genetic Mechanlsm

While studying inheritance of charnclers, a teacher
gave the example of inheritance of attached earlobe
and hypertrichosis of the ear to her students. A
man with attached earlobesg and extensive hair on
pinna married a woman having free earlobes. The
couple had four children, one son with attached
earlobes and hairy pinna, one son with a free
carlobes and hairy pinna and two duughters with
attached earlobes. One of the daughters married a
man with free earlobes and sparse hair on pinna.
Teacher said if this couple would have sons, there
would be equal chances for both having free or
attached earlobes and sparse hair on pinna.

Read the given passage carefully and give the
answer of the following questions:

. Which trait are of attached and free earlobe

respective examples?

. Attached and free earlobe respective examples of

recessive and dominant traits.
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Qa

Ans.

Qs.

Ans.

Ans.

What is dominant trait?

It is a character expressed by a dominant gene.
Dominant gene Is the one which expresses itself In
the presence of its contrasting which s considered ta
be a suppressed gene.

What type of trait Is hypertrichosls of the ear?
Hypertrichosls of the ear Is a Y-linked trait.

OR
If a female with attached earlobe married a male
homozygous with free earlobe and sparse hair on
pinna, then what would be the chances of daughter
to have attached earlobe?
The chances of daughter to have attached earlobe is
0%.

—@’ VEW Short Answer Type Questions N

Ql

Ans.

Q2.

Ans.

Draw well defined Punnett square from parental
generation to Fy generation.

. Name the type of cross that would help to find the
genotype of a pea plant bearing violet flowers.
(CBSE2017)
Test cross would help to find the genotype of a pea
plant bearing vialet flowers.
British geneticlst R.C. Punnett developed a
graphical representation of a genetic cross called
‘Punnett Square. Mention the possible result
this representation predicts of the genetic cross
carried. (CBSE2019)
Punnett Square for Mendellan monohybrid cross
between pure lne tall and dwarf plant will appear
as follows:

Parent gonaratdon  TT % tt
F, gonoralion Tt

:

n x Tt

F; gunorotion Solfing
T t
TITT | Tt
[ it

Result of F; generatlon phenotyplc ratlo of

monohybrid cross is 3 : 1.

TiP:

Q3

Ans

Q4.

Ans

. State a difference betwaeen a gene and an allele.
(CBSE 2016)
. Gene contains Information that Is required to
express a particular tralt whereas allele are the
genes which code for a pair of contragﬁ;lgtralts,
A garden pea plant (A) produced Inflated yellow
pad, and another plant (B) of the same species
produced constricted green pods. Identify the
dominant traits.

. Inflated green pod Is the dominant trait.

Q5.

Ans.

Q6.

Ans.

Q7.

Ans.

Qe.

Ans.

Q9.
Ans,

Qlo.

Ans.

ERR(OOR »

A geneticist interested in studying variations and
patterns of inheritance in living beings prefers to
choose organisms for experiments with shorter
life cycle. Provide a reason. (CBSE 2015)

This Is because many generations can be obtained

(in a short time) and selection of character becomes

faster.

Write the possible genotypes, Mendel got when he
crossed F, tall pea plants with a dwarf pea plant.
Possible genotypes: Tt and tt.

Mention any two contrasting traits with respect to
seeds In pea plant that were studied by Mendel.
Round/Wrinkled, Yellow/Green traits.

What are 'true breeding lines' that are used to study
inheritance pattern of traits in plants?

True breeding Unes are plants which have undergone
continuous self-pollination for several generations.

These are homozygous faor tralts.

Mention the type of allele that expresses itself
only in homozygous state in an organism.
Recesslve allele expresses Itself anly In hamozygous
state In an organism.

Write the percentage of F, homozygous and
heterozygous populations in a typical monohybrid
Cross.

The ratlo of a typlcal monchybrid cross Is
1:2:1where 50% are homozygous and 50% are
heterozypous populations. (25% homozygous
dominant, 25% homozygous recessive).

Students usually write down the ratlo, and they don't
calculate the percentage. If percentage Is asked then
write In percentage form and If ratlo then ratlo Is to be
mentioned.

QLL

Ans,

Qla.

Ans.

Why, in a test cross, dild Mendel cross a tall pea
plant with a dwarf pea plant only?

This Is to determine the genotype of the tall
plant, whether it Is homozygous dominant or
heterozygous, as dwarfness Is a recesslve tralt
which Is expressed only in homozygous condition
and he wsas sure of genotype of dwarf plant

In a dihybrid cross, when would the proportion of
parental gene combinations be much higher than
non-parental types, as experimentally shown by
Morgan and his group?

When the genes are linked. the proportion of parental
gene comblnations would be much higher than non-

parental types.
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Q 13. Write the types of sex determination mechanisms
the following crosses show. Give an example of
each type. (I) Female XX with Male XO (il) Female
ZW with Male ZZ

Ans. (I) Male heterogamety, Grasshopper
() Female heterogamety, Birds.

Q 14. Amale honeybee has 16 chromosomes whereas its
female has 32 chromosomes. Give one reason.

Ang. Male
female gamete (Parthenogenesis) and thus has

honeybee develops from unfertilised

16 chromosomes whereas female develops by
fertilisatlon and thus has 32 chromosomes.

Q 16. Why do normal red blood cells become elongated
sickle shaped structures in a person suffering from
sickle-cell anaemla?

Ans. Due to point mutation. glutamic acid (Glu) is replaced
by valine (Val) at the sixth position of B-globin chaln
of hasmoglobln molecule. Undar oxygen stress
erythrocytes lose thelr circular shape and undergo
polymerisation to become sickle-shaped.

Q16. A haemophilic son was born to normal parents.
Glve the genotypes of the paraents and son.

Ang. Father:44 + XY
Mother : 44 + XX"

Son: 44 + X"Y.
(X" = Xeschramosome with gene far haemophilia)

Q17. Why is it that the father never passes on the gene
for haemophilia to his sons? Explain.

Ans. Haemophllla Is a sex-Unked recessive disease and
the defective gene Is present on X-chromogome
only and not on Y-chromosome. Father never
passes X-chromosome to the son as fathar only

contributes Y-chromosome to the son.

Q18. A human being suffering from Down's syndrome
shows trisomy of 21st chromosome. Mentlon the
cause of this chromosomal abnormality.

Ang. Due to non-disjunction. 21st palr of chromosomes
falls to separate during oogenesis. Therefore. the
egg possesses 24 chromosomes Instead of 23.
When such an egg fuses with a sperm. the zygote
will have three coples of chromosome 21 causing
trisamy,.

" Short Answer Type Questions N

Ql In a typical monohybrid cross, the F; population
ratio Is written as 3:1 for phenotype but expressed
as 1:2:1 for genotype. Explain with the help of an
example.

Ans. This Is a case of Mendel's monohybrid cross. For
example, here Is a monchybrid cross between tall
and dwarf pea plants.

Paranta Tall Oaar
Qonotypo T X ]:
Gomatan @ @
F gonorodon Tl
Tull
On
Sefling
Tt X Tt
Gomolon ® @ ® ®
o "o
R "
Fy ponorolon ? ® Tal T:]1||
@ TI I
Tab Dwarl
Phenotyplc ratio - Tall plants Dvsarf plants
3 : 1
Genotyplc ratlo - T TE i Xk
1 . 2

Q2. During a monohybrid cross involving a tall
pea plant with a dwarf pea plant, the offspring

populations were tall and dwarf in equal ratio.

Work out a cross to show how it Is possible.

(COSE2015)

Anag.
Poranta Toll Dwarl

genotypo T X It

N

Gamauoloo @ (D @

Fi gonorolion  TI Tl t Il (ponotypo)
\ ) L J
"4 v
Tl Dwad
80% 80%%

(phanotypo)

Q 8. How would you find genotype of a tall pea plant
bearing white flowers? Explain with the help of a
cross. Name the type of cross you would use.

Ans. It can be done by a test cross. This Is done by crossing
the plant with homozygous recesslve parent. If the
ratio of progeny Is 1: 1. then the genotype of the plant

is heteroggous.

Cono | Couva II

X ww

)
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Paranto Trwnw

Gomaolos @ @

Parantn T X 1w
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TiP
Practice making the diagrammatic cross, finding the
gametes as well as the phenotypes and genotypes.

Q4. A teacher wants his/her students to find the
genotype of pea plants bearing purple coloured
flowers in their school garden. Name and explain
the cross that will make it possible. (CBSE2015)

Ans. Test cross will be make it possible. It Is a method
devised by Mendel to determine the genotype of an
organism. In this cross. the organism with unknown
ominant genotype is crossed with the recessive
parent.

In a monahybrid cross betveen vialet colour flower
(W) and white colour flower (w), the F; hybrid was
violet colour flower. The test crosses are:

Case ] Case I

Wiy %4 W

Porents /\ l
Gametes @ 0 |

Progeny  Ww VAW
Violat colour  White colour

Pargnts WW Ko Ww

Gameles M

Progeny Wy
Vialot colour

Q6. Two independent manohybrid crosses were carried
out Involving a tall pea plant with a dwarf pea
plant. In the first cross, the offspring population
had equal number of tall and dwarf plants,
whereas in the second cross, it was different. Work
out the crosses, and explain glving reasons for the
difference in the offspring population,

OR

Work out a cross to find the genotype of a tall pea
plant. Name the type of cross.

Ans. This type aof cross Is called a test cross.
1" Cross

Parental n X [\

gonoration l l

Gamotas o o o Gamales

14 1. (50% lnll 50% Dwurl')

'Y Cross

Parental T'I' X u
genaration

{Tul] 100%

Inthe first cross. the tall parent plant s hetarozygous
for the tralt and In second cross. the tall parent plant
is homozygous for the tralt, hence there respective
observation.

Q6. By using Punnett square depict the genotypes
and phenotypes of test crosses where green pod
colour (G) is dominant over yellow pod colour (g)
in garden pea with unknown genotype. (CBSE 2023)

Ans. Test cross is a type of genetic cross which Is used
to know the genotype of an unknown organism. In
this, unknown parent Is crossed with a homozygous
recessive parent. Here, according to question:
Dominant allele = G and Dominant tralt = Green pod

colour
Recesslve allele = g and Recesslve trait « Yellow pod
colour.

Q7.

Ans.

Q8.

Ans.

Condition |
99

——

9 )

G| Gg | Gg
GG{

G| Gg | Gy

Here, Genotypic ratio: 100% heterozygous dominant
Le.1:0ratlo

Phenatypic ratio: All green pod colour

Concluslon: Unknown |s homozygous dominant.

Condition Il
g
9 9
G| Gg | Gg
Gg{g
99 | 99
Here, Genotyplc ratlo: 509 heterozygous dominant
50% heterozygous dominant. ie.1: 1 ratio
Phenotyplc ratio: 50% green pod colour

50%6 yvellow pod colour
Conclusion: Unknown Is heterozygous dominant.

Condition il
g
i ﬂ
9| 90 | 90
99 {ﬂ
94 a9
Here, Genatyplc ratlo: 100% recesslve Le. 1: 0 ratlo

Phanatyple ratlo: All yellow pod colour
Conclugslon: Unknown Is hamozygous recesslve.

In a dlhybrid cross, white eyed, yellow bodled
female Drosophila is crossed with red eyed, brown
bodied male Drosophila produced in F, generation,
1.3% recombinants and 98.7% progeny with
parental type comblnations, This observation of
Morgan deviated from Mendellan F, phenotyplc
dihybrid ratio. Explain, glving reasons, Maorgan's
observations.

Margan's observations were:

() Morgan saw that when the two genes In a
dlhybrid cross were sltuated on the same

comblnmlonﬁ wgre much higher than the non-
parental type.

() Morgan attributed this due to physical
assoclation or Unkage of two penes and calned
the term lnkage to describe this physical
assoclation of penes on a chromosome and the
term recombination to describe the generation

of non-parental gene combinations.
With the help of one example, explain the
phenomena of co-dominance and multiple allelism
In human population.
ABO blood group In human belng Is an example of
multiple allesm and co-dominance. There are three
alleles for the gene |, Le, I, I, and L. thus. exhibiting

multiEle allelism.
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When P and I® are present together, the blood group
is AB. Both A and B blood groups are expressed. This
is called co-dominance.

Q9. Who proposed chromosomal theory of inheritance?
Point out any two similarities in the behavlour of
chromosomes and genes.

Ans. Chromosomal theory of inheritance was proposed by
Sutton and Boveri.
Similarities:
() Both genes and chromosames occur in palrs In
a diplold cell (2n).
() Both of them separate out during
gametogenesis to enter into different gametes.
(iii) Paired condition is again restored by fusion of

gametes.
Q10. Study the figures given below and answer the
question.
Q Cross A
¥ oow y© w’
& — - - — )]
YW 'l‘
Yollow, whito Wild typo
Croga B
W m w' m’
- (D) Parental
- E—— (D) — )
W m

Whita, minloture Wild lypo

Identify in which of the crosses is the strength of
linkage between the genes higher. Give reasons In
support of your answer.

Ans. The strength of linkage betvreen the genes Is higher In
Cross A because the genes are closely placed. Lesser
the distance betwaen genes, greater I the strength
of Unkage.

Qll. Write the sclentific name of the fruit-fly. Why
did Margan prefer to work with frult-flies for his
experiments? State any three reasons.

Ans. Drosophlla melonogaster Is the sclentific name of
frult-fly.

Morgan preferred to veark with frult-flles because of
the followlngs reasons:
(I) Itls grown In simple synthetic medium.
(1) It completes the life cycle In only two weeks.
(i) It Is capable of producing large number of
progeny at a time.

Ql2. Differentiate between "ZZ" and “XY" type of sex-

determination mechanlsms. (CBSE 2015)
Ans. ZZ type s seen In birds. The males are homogametic

T

determined by the type of egg getting fertiised.

XY type Is seen In human belngs. The males are
heterogametic (XY) and females are homogametic
(XX)- Sex Is determined by the type of sperm fertilising
the ovum.

Q13. Write the ploidy and number of chromosomes In
human:
(i) melocyte and
(ii) gametes (CBSE 2020)
Ans. (i)In meiocytes the ploidy is 2n and number of
chromosomes is 46. 2n. = 46
(if) In gametes. the ploidy is n and the number of
chromosomes is 23.

Q 14. Whatis aneuploldy? Name n chromosomaldisorder
In humans caused due to (I) gain of an autosome,
and (I1) loss of a sex chromosome In famales.

(CBSE 2020)

Ans. Aneuploidy is a condition of having extra ar missing

chromosomes In a person.
(I) Down's syndrome
(i) Turner's syndrome

@-TiP:
Study the varfous types of chromosamal disorders with
thelr causes and effects carefully.

Q15. The map distance in certain organisms between
gene A and B is 4 units, B and C Is 2 units and
between Cand D is B units.Which one of these gene
pairs will show mare recombination frequency?
Give reasang in suppaort of your answaer.

Ans. Mop distanca

|
,L 2 units ¢ B units J,
i) 25 D

J, 4 units
A

The recomblination frequency Is directly proportional
to the distance between the penes. The distance

between C and D Is more, le. B units in the above

condition, so recomblnation frequency will be more
between them.
Q16. Explain plelotropy with the help of an example.
Ans. Plelotropy Is the phenomgnon in which a single
gene exhiblts multiple phenotyplc expression. The
pleiatropic gene affects the metabalic pathways.
resulting In different phenotypes.
For example, phenylketonurin is caused by mutation
In the pgene coding the enzyme phenylalanine

hydroxylase.

Q17. (i) Sickle celled anaemia In humans Is a result of
polnt mutation. Explain.
(1) Write the genotypes of both the parents
who have produced a sickle celled anaemic
offspring.
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Ang. (I) Inslckle cell anaemia. due to polnt mutation there Is
a substitution of a single nitrogen base at the sixth
codon of the B-globin chain of haemoglobin that
leads to substitution of value In place of glutamic
add.

Mutotion
GAG —_—s (UG

Glutamic pcld Valine

(i) The genotypes of bath the parents viould be
Hb*Hb® and Hb*Hb®.

Q18. Recently a baby girl has been reported to suffer
from haemophilia. How is it possible? Explain with
the help of a cross.

Ans. It is possible to have a haemophilc girl vhen the
cross Is between a carrier woman and a haemophilic
man a8 shown below:

Carrier woman Hoemophllic man
Parents X X XY
Genotypes

Gomotes @ ®
O ®

XXh xhx‘\
@ (Carrler girl) (Haamophilic girl)

O Xy XY
®| (Normal boy) | (Haemophilic boy)

F, genoration ®

Lnng Answer Type-| Questions AV

QL The F, progeny of a monohybrid cross showed
phenotypic and genotypic ratlo as 1: 2: 1, unlike
that of Mendel's monohybrid F, ratio. With the
help of a suitable example, work out a cross and
explain how it Is possible.

OR

Snapdrogon shows incomplete dominance for
flower colour. Work out a cross and explain the
phenomenon. How is this inheritance different
from Mendelian pattern of inheritance? Explain.

OR

In snapdragon (Antirrhinum majus), a plant with
red flowers was crossed with a plant with white
flowers. Work out all the possible genotypes and
phenotypes of F; and F, generations. Comment on
the pattern of inheritance In this case.

Ans. Such a cross Is abserved in Mirabills jalapa/Four
o'clock plant/Antirrhinum maojus.
Manaohybrid cross Is observed In snapdragon, where
one allele Is Incompletely dominant over the other
allele.

In heterozygous condition, a single dominant gene s
not sufficlent to produce red colour, therefore It Is a
case of Incomplete dominance.

Qe

Ans.

Fy ganorotion PP Pp

ERRQOR »

Parents Red (lower White flowar
RR x rr
Gamuotes ® @
F, generation i (All pink flowers)
On selfing Rr X Rr
RR Rr
F; generation ® Red Pink
@ Rr m
Pink White
Phenotypoe ratlo Red : Pink : White
L 2 1
Genotype ratlo RR @ Rr @ rr
L & & i 1

A pea plant with purple flowers was crossed with
white flowers producing 50 plants with only
purple flowers. On selfing, these plants produced
482 plants with purple flowars and 162 with white
flowers. What genetic mechanism accounts for
these rosults? Explain.

The gene for purple flovrers Is dominant over that

of white flowers. So, when two pure varletles are
crossed, the F) generation has only purple flowers

and on selfing. the Alowers are produced Ina 3 : 1
ratlo.

(Purpla Nowar) (Whita flowor)
(Homozygous) (Pure broeding or homozygous)

Parents PP x %

F) ganeration Fy goneration howe oll

Purplo flower purpte floviars, sa it ls
dominont,

x
P P
lD (Selling of Fy) lp

Gomates @ @ ® ® Gomatos

P P

P (Purplo flower) | (Purpla llower)

Pp pp
(Purplo Nlowser) | (White flowen)

F; genaration

P

This result s obtained due to segregation of the
alleles at the time of gametogenesis. The alleles
remain together In @ zygote but during gamete
formation, they segregate such that the gametes
carry only one allele,

Students do not study the crosses properly and do
mistakes in dominant and recessive genes.
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Q3.

Ans.

Q4.

Ans.

Q.

Ang,

Q6.

Ans,

Why did T.H. Morgan select Drosophila
melanogaster to study sex-linked genes for his
lab experiments?
TH. Morgan selected Drosophila melanogaster for his
study because of the following reasons:
(i) It can be grown in a simple synthetic medium
in laboratory.
(i) It completes its life cycle in anly tvio weeks.
() Large number of progeny are produced at a
time.
(iv) There s differentiation of sexes.
(v) Many hereditary varlations can be observed.

During his studies on genes in Drosophila that

were sex-linked, T.H. Morgan found population

phenotypicratlios deviated from expected9:3:3:1.

Explain the conclusion he arrived at.

The conclusions derived are;

(1) He observed that when the two genes In a dihybrid
cross are located on the same chromosome. the
proportion of parental gene combinations in the
progeny was much higher than the non-parental
ar recamblnatlon of genes.

(if) Morgan and his group found that when genes were
grouped an the same chromosome, soma genes
are tightly Unked and show less recombination.

(i) When the genes are loosely Unked. they show
higher recomblnation.

How are domInance, codominance and Incomplete
dominance patterns of Inheriance different from
each other? (CBSE2011)
Dominance: It is @ phenomenon In which when two
contrasting alleles are present together, only one
axpresses Itself and Is called dominant whereas the
other which does not express Itself Is called recessive.
Co-domlinance: It [s @ phenomenon In which when
two cantrasting alleles are presant together, both of
the alleles express themselves.

Incomplete Damlinance: It Is a phenomenon In which
when two contrasting alleles are present togethar,
nelther of the alleles Is dominant over ather and the
phenatype formed Is Intermediate of the two alleles.
e.g. Red flower x White flower -» Plnk flower

Compare in any three ways the chromosomal
theory of inheritance as proposed by Sutton and
Bovery with that of experimental results on pea
plant presented by Mendel. (CBSE2019)
The chromosomal theory of Inheritance and
experimental results presented by Mendel can be
compared In the following ways:
(I) In a diplold organism, the factors (genes) and
chromosomes occur In palrs.
() Both chromosomes as well as genes
segregate at the time of gamete formation

such that anly ane of each pair Is transmitted
to a gamete.

Q7.

Ans.

Qe.

Ans.

Q9.

Ans,

(1) A gamete contalns only one chromosome of
a type and only one of the two alleles of a
tralt.

(iv) The paired condition of both chromosomes as
well as Mendelan factors Is restored durlng
fertilisation. (Any three)

(i) Explain linkage and recombinatlon as put forth
by T.H. Morgan based on his observations with
Drosophlla melanogaster crossing experiment.

(ii) Write the basis on which Alfred Sturtevant
explained gene mapping. (CBSE2019)

(i) TH. Morgan studied X-linked genes in Drosophila
and saw that when the two genes In a dihybrid
cross were sltuated on the same chromosome.
the proportion of parental gene combinations
wis much higher than the non-parental type. He
attributed this due to the physical assoclation
or lnkage of the two genes on a chromosome
and colned the term linkage and the term
recomblnation describes the generation of non-
parental gene comblnation.

() Alfred Sturtevant explained gene mapping

by using the frequency of recombination
between gene palrs on the same chromosome
as a measure of the distance between
genes and he mapped thelr pasition on the
chromosome,

Explain the mechanism of 'sex determination’

In birds. How does it differ from that of human
beings? (CBSE 2010)
Sex determination In birds:

Q
W © (12) d

ZZ @ ()

w (1)

g O

Birds: Female heoterogamety s

scen. Female
produces (2) type and (W) type of gametes « /2.

Humans: Male heterogamety Is seen. Male produces
(X) type and (Y) type of gametes = /2.

Explain the phenomena of dominance, multiple
allelism and co-dominance taking ABO blood
group as an example.

Dominance: The alleles |" and P both are dominant

over allele | as I* and I’ form antigens A and B,

respectively, but / does not form any antigen.

Multiple allelism : It Is the phenomenan of occurrence

of a gene In more than two allelic forms on the same

locus. In ABO blood group In humans, one gene | has
three alleles 1", I and (/L
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Co-dominance: It Is the phenomena In which both
alleles express themselves when present together.
We Inherit any two alleles for the blood group.
When the genotype is 1'% the individual has AB
blood group since both I* and 1P equally Influence
the formation of antigens A and B.

Q10. Both haemophilia and thalassemia are blood
related disorders in humans. Write their causes
and the difference between the two. Name the
category of genetic disorder they both come under.

(CBSE2017)

Ans. Both haemophlla and thalassemla come under
Mendellan disarders.

Causes:

Haemophllla Is a sex-Linked recesslve disorder.
The gene for haemophilia is located on X
chromosome. The gene passes from a carrler
female to her son.

On the ather hand, tholagsemla ls an autosomal Unked
recesslve diseade. It occurs due to elther mutation or
deletion resulting In reduced rate of synthesis of one
of globin chalns of haemoglobin.

Diffarence:

In haemophllia, clotting Is affected, Le. there can be
a non-stop bleeding even after a minor cut. But In
thalassemla. anaemia Is the maln characteristic.

Q. A normal couple has their first child, who Is
haemophilic. Work out a cross to show how it Is
possible. State the possibility of the normal and the
haemophilic children along with thelr sexes, which
can be born to them. (CBSE2020)

Ang. Haomophlla |8 a gsex-lUnked recessive disease. Here,
It Is transmitted from the carrier female to the sons.
Fram the below pedigree chart, It can be observed
thot the disease Is being transmitted from the carrier
female to her daughter (carrler) and son (affected).
The carrier daughter trancmits this disease to the

crogs Inheritance.

Carrler Narmal
Fomale Nalo
Normal i
Male Corrier
Daughter Affacted
Son
Affectad
Grondson

Q12. One of the twins born to parents having normal
colour vision was colourblind whereas the other
twin had normal vislon. Wark out the cross. Give two
reasons how it is possible.

Ans. The cross Is as shown:

F, generation

Normal vision Normal vision

Parents XY 5 XX
genotypes /\
Gametes @ ® ®
® Q ®
XX XY
® Normal Normal

xx© Xy
(D) Carrier Calourblind

It Is possible in the following ways:

() When the mother is carrier of colourbUndness
gene, she will have normal vislon but will pass on
the gene to her children.

() Another possibllity Is that there Is a mutation on
the X chromosome of one of the twins.

Q 13. Explain how trisomy of 21st chromosome occurs in
humans. List any four characteristic features in an
individual suffering from it.

Ang. Trisomy of 218t chromosome occurs In humans due
to Down's syndrome.

Cause: There Is an additional copy of chromaosome
number 21 or trisomy of chromosome 21.

Symptoms:
(I) Shaort statured with small round head.

(Il) Partlally open mouth with protruding furrowed
tongue.

(1) Palm Is broad with characteristic palm crease.
(iv) Slow mental development

@ Long Answer Type-Il Questions N

Q1. Answer the following questions:
(i) State and explain the law of dominance as
proposed by Mendel.
(1) How would phenotypes of monohybrid F; and
F, progeny showing Incomplete dominance
in snapdragon and co-dominance In human
blood group be different from Mendellan
monohybrid F; and F, progeny? Explain.
Ans, () The law of domlinance states that when two
alternative forms of a tralt or character (genes
or alleles) are present In an organism, only one
factor expresses Itself In Fy progeny and Is called
dominant while the other that remaine masked Is
called recqull\jg. The characters are cantrolled by
discrate units called Factors. These factors occur

In palrs.
Mendelian
Incomplete
mm::?:gsbrld deininkics Co-dominanco

F, Generation

All mambuors
rosamblo tho paront

All mambors do
not resomblo either

Blood groups ol all
mambuors resamble

with dominant tralt.

of the two parents
but show an
intormediate trait,

combination of
dominant traits of
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¢ | Both the parental | Both the parental | Both the parental
% | trails reappear. tralts and an traits as well as the
E’ intermodiote trait | co-dominant trait
L1

) appear. appear.

y 2ppesr appear

Q2. (i) State the law of Independent assortment.

(ii) Using Punnett Square, demonstrate the law
of independent assortment in a dihybrid cross
involving two heterozygous parents.

OR

Describe the dihybrid cross upto F, generation
as conducted by Gregor Mendel using pure lines
of garden pea for characters seed shape and
seed colour. (CBSE 2023)
Ans. (i) According to the law of Independent assortment,
the two factors of each character assort or
geparate out Independent of the factors of other
characters. at the time of pamete formation
and get randomly rearranged In the offsprings,
producing bath porental and new combinations

of characters.
(i) Demonstration of law of

Aggsortment:

O v

Independent

Parenti  Round yellow seed  Wrinkded green soed
RRlYY I rrlyy
Gamaotos
Py gunesation Round yellow
RrYy
on
salling

d

Gamatas

?

Gomotes

Firgonoration

Phonotypic rotio:  Round : Round : Wrinkled : Wrinkled
yedlow green yellow green
9 3 3 : 3 : 1

Genotyplc atioc 1: 2

These are the results of a dihybrld cross where the
two parents differed In two pairs of cantrasting traits:

seed colour and seed shape For the dihybrid cross
Mendel derived the law of Independent Assortment.
It states that when two pairs of traits are combined
in a hybrid. segregation of one pair of character Is
independent of the other pair of characters.

Q3. A homozygous tall pea plant with green seeds is
crossed with a homozygous dwarf pea plant with
yellow seeds.

(i) Write the possible phenotype and genotype of
F, generation.
(ii) State the laws of Mendel that are proved true by
the F, generation.
(iii) Mention the F, phenotypic ratio along with thelr
possible phenotypes.
(iv) Write the genotypes of the male and female

gametes produced by F, progeny.  (CBSE2023)
Anas.
Toll graen sead Dwarf yellovr seed
Parents TTyy Ty
genotypes
Gometes
F, gonoration TtYy (Toll and yellow seeds)
On selfing Tty X TtYy
® @ OW
TY Ty tY ty
F; goneraton TTYY VY _— Tty
Ty | Toll yallow| Tall, yellow | Toll, yallow | Tall, yellow
gueds spuds sveds 500ds
TTYy TTyy Ty Tryy
Ty |Toll, yollow| Tall, grean [ Toll yellow | Toll, groen
seeds soads gpads seods
Tty TtYy tyy (Yy
ty |Toll, yallow| Tall, yellow | Dworl yallow | Dwarl yallow
soeds spads yoeds sa0ds
TeYy Ttyy Ty tyy
ty |Toll, yallow| Tall, grean |Dworl yallow| Dwarl groon
soeds seads soeds so0ds

(I) Phenotype of F,— Tall plants with yellow seeds.
() Genatype of F;-=TtYy Law of domlinance and

Law of Independent Assortment
(i) Phenotypic ratio of F, generatlon;

9 3 3 1
Tall plant | Tall plant Dwarl Dwarl
yellow green plant plants
seads seads yellovs green
seods seoads

24 wrkn 2y ik ¢ 2%l

(lv) The genatypes of male and female gametes
produced by F, progeny will be Ty, Ty, tY, ty
Q4. Describe the dihybrid cross carried on Drosophila
melanogaster by Morgan and hls group. How did
they explain linkage, recombination and gene
mapping on the basls of their observations?
Ans. Dihybrid cross on Drasophila melanogaster
() TH. Morgan carrled out several dihybrid crosses In
Drosophilo to study the genes that are sex-Unked.
He observed that when the two genes in a dihybrid
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cross are located on the same chromosome. the

propartion of parental gene combinations In the

progeny was much higher than the non-parental

or recombination of genes.

Parantal

Gamataes

Fi gonoratlion

F: gonorotion

?

Y oow
. —O
- - — )

y W

Yellow, wihite

l

(@ = = >
y oW

b

Voo
O 1D
. — D)

yv W'°
wild typGQ

Sull'm;]l Fi

Parantnl
typa (9B.7%)
y'ow’
(D

Wild type

Yy w
(@ - —

Yallow, whita

y w’
(@ = a— )
e 1D

Vi W

Wild typo

b W
(@ = —w
o (D

4

W .
Yellow, white

l

Cross A

o}

yooow

—,

wild type

y' w"/\

of

Yy w
(@ = — »)

Y llowe, whiludj

Recombinont
typa (1.3%)

y"w
(@ - —

Brown white

y ow’

(@ - —— )

Yollow rad
y'w
- = ]

([ I —
¥y oW
Drowen, whilo

:i' W
(0 BN EE—

¥y oW
Yallow, red

(Il) When the genes are loosely Unked, they show
higher percentage of recombination.

(Iv) Morgan hybridised yellow bodled and white eyed
females with brown bodied and red eyed males
(wild type) (cross-A) and Inter-crossed thelr F,
progeny.

(v) Alfred Sturtevant determined that genes of Drosophila
are arranged In a Ungar order. He measured

the

distance

between genes

and prepared

chromosome maps with the position of genes

on the chromosomes based on percentage of

recomblnants. These are also called Eenetic maps.

(Il) Morgan and his group found that when genes are
grouped on the same chromaosame. some genes
are tightly linked or assoclated and show little

recomblnation.
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Results of two dihybrid crosses conducted by Morgan. Here, Crogs A shows crossing between genes y and w; Cross B
shows crossing between genes w and m. Here, dominant wild type alleles are represented with (+) sign In superscript.

(i) Write the scientific name of the organism
Thomas Hunt Morgan and his colleagues
viorked with for their experiments. Explain the
correlation between linkage and recombination
with respect to genes as studied by them.

(i) How did Sturtevant explain gene mapping while

working with Morgan?
Ans. (l) The sclentific name of the arganism Is Drosophila

melanogaster.

(CBSE2018)

Thomas Hunt Morgan and his colleagues observed
that two genes (located closely on a chromosome)
did not segregate independently of each other

(F, ratio deviated significantly from 9:3:3:1).
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Qé.

Ang.

Tightly linked genes tend to show fewer (lesser)
recomblnant frequency of parental traits/show

higher (more) frequency of parental type.

Loosely lUnked genes show higher percentage
(more) of recombinant frequency of parental traits
/ lower frequency percentage of parental type.
Genes present on same chromosome are sald to be
linked and the recomblnant frequency depends on
thelr relative distance on the chromosome.

Sturtevant used the frequency of recomblnation

between gene pairs on the same chromosome. as a

measure of the distance betvreen genes and mapped
thelr position on the chromosome.

Differentiate between incomplete dominance and
co-dominance. Substantiate your answer with one
example of each. (CBSE 2019)
OR
It is sometimes observed that the F; progeny has
a phenotype that does not resemble either of the
two parents and has intermediate phenotype.
Explain by taking a suitable example and working
out the cross upto F, progeny. (COSE 2023)
OR
It Is sometimes observed that the F,; progeny
shows a phenotype that resembles both tho
parents. Explain this type of inheritance using the
example of A, B, O blood groups In humans.
(CBSE 2023)
Co-dominance Is the phenomenon In which both the
alleles of a contrasting character are expressed In the
heterozygous condition. Both the alleles of a gene are
equally dominant. ABO blood group In human belngs

Is an example of I" and 1P co-dominance. The blood
group character ls controlled by three sety of alleles,

namely P, I” and L The alleles, * and I, are equally
dominant and are sald to be co-dominant as they are
expressed In the AB blood group. Both these alleles
do not Interfere with the expression of each ather
and produce thelr respective antigens. Hence, the AB
blood group Is an example of co-dominance.

ABO alleles inherited from

ABO genotype Ln the mothor

the offspring T 8 5
ABO alleles| A A AB A
inherited B AB 8 8
from the o A 0
father

Incomplete dominance is a phenomenon in which
one allele shows incomplete dominance over the
other member of the allelic pair for a character.

ERRCDR -

Students do not give explanation for both or forget to
provide example In both of in complete dominance and
co-dominance.

Parents Red MNower White flowar
(RR) % (m)

t :
\/

Rr x Rr
All pink flowers

l Self pallination

Gomaotes

Fy generation

Gamates ® @ ® @
F, gonaration % R r
R RR Hr
Red Pink
Rr T
T | Pink | white

Phanotypic ratio  — Red : Pink : White

r & E i 1
Genotyple ratlo — Re Rr ¢
1 & 2 4 1

Far example. a manohybrid cross between the plants
having red flowers and white flowers in Antirrhinum
specles will result In all pink flower plants In the F,
generation. The progeny obtained In Fy generation
does not resemble either of the parents and exhlblts
Intormedlate characterlstics. This Is because the
dominant allele. R. is partlally dominant over the
other allele, r. Therefore, the recesslve allele, r, also
gets expressed In the Fy generation resulting In the
production of Intermediate pink flowering progenies
with Rr genatype.

Q7. In shorthorn cattle, the coat colours red or white

are controlled by a single pair of alleles. A calf
which recelves the allele for red coat from Its
mother and the allele for white coat from its father
Is called a roan’ It has an equal number of red and
white hairs in its coat.

() Is thls an example of co-dominance or of

incomplete dominance?
(ii) Give a reason for your answer.

(iii) With the help of genetic cross explaln what will

be the consequent phenotype of the calf when.
(a) red Is dominant over white
(b) red is incompletely dominant.

(CBSE SQP 2023-24)

Ans. (I) This Is an example of co-dominance.

(1) Co-dominance Is a condition in which two
different alleles for a genetic trait are expressed.
Indlviduals recelve one verslon of a gene. called
an allele. from each parent
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(i) (a) If pure breeding red coated cattles are
represented as 'RR" and pure breeding vrhite
coated as 'rr’. If Red Is dominant over White, a
cross between ‘RR' and 'rr’ would produce red
coated cattles (RR) and white coated cattle (rr)
In the ratio of 3 ‘1.

(a) Parents: RR (Red) x rr (White)

Gametes: R r
R r
R RR Rr
Red coat Red coat
r Rr m
Red coat White coot

F| gencration- 3:1

(b) If the red and white coated cattles produce
plnk colour on a cross then, they exhibit
Incomplete dominance In the Inheritance of
coat colour due to which they produce plnk

coloured coat upon hybridisation.

If pure breeding red costed cattles are
represented as 'RR° and pure breeding vrhite
coated as 'rr', then the pink coated cattles are
Rr’,

A cross between 'RR' and 'rr' would produce
pink coated cattles (Rr) and white coated cattle
(rr) Inthe ratioof 1:2:1

Parentg: RR (Red) x rr (White)

Gametes: R r
R r
R RR Rr
Red coat Pink coat
r Rr T
Pink coot White coat

F)generation-1:2:1

Q 8. Explain the chramosomal theory of Inheritance.
Ang. Chromosomal

Theory of Inheritance: The

chromasomal theory of Inheritance was proposed

independently by Walter Sutton and Theodore Boverl

In 1902. This theory has the followIng assumptions:

() Since the sperm and egg cells provide the
only bridge from ane gencration to the ather,
all hereditary characters must be carrled In
them. The hereditary factors are carrled In the
nucleus.

(II) Uke the Mendellan alleles. chromosames are
also found In palrs.

() The sperm and egg having haplold sets of
chromosomes fuse to re-establish the diplold
state.

(lv) The genes are located on the chromosomes In
a Unear order. As there are two chromaosomes
of each kind In somatic (diploid) cell. there
must be two genes of each kind. one in each of
the two homologous chromosomes.

(v) Homologous chromosomes synapse during
melosls and get separated to pass Into different
cells. This forms the basis for segregation and
independent assortment A gamete receives
only ane chromosome of each type and thus
has only one gene for a trait The palred
condition Is restored by fuslon of gametes.

Q9. Answer the following questions:

(i) Explain the mechanlsm of sex-determination in
humans.

(ii) Differentiate between male heterogamety
and female heterogamety with the help of an
example of each.

Ans. (i) Sex Determination in Humans:

(a) Humans show XY type of sex determining
mechanism.

(b) Out of 23 palr of chromosomes, 22 are
autosomes (same In both males and females).
Females have a pair of X-chromosomes.

(c) Males have an X and a Y chromosome.

(d) During spermatogenesls. males produce two
types of gametes with equal probaobllity -
sperm carrying, either X or Y chromosome.

(e) During oogenesls, females produce only one
type of gamete - having X chramosame.

(f) An ovum fertilised by the sperm carrying X
chromosome develops Into a female (XX) and
an avum fertillsed by the sperm carrylng Y
chromosome develops Into a male (XY). -

Porents Fother Maothor

Genotypo a4 + XY 44 4 XX
Sparmotoganesis Cogenusls

Gamoltes
P, gonarotion 44 + XX a4 + XY
(”} Famala child Male child
Boslo of Fomole
5. g, difference Male hatarogamaty hatorogamaty
(1) [Number Moles produce two |Females produce two

of gnmaotes | types of gnmaotes. types of pomaotes.

(1

Example Male humnn beings [Female blrds produce
produco gbmeoles of [gomotes of tw Types-

hwo types-X and Y. Z ond W.

Understand the difference between male and female
heterogomety and try to write In tabular form as far as
possible.

TiP

Q10. Thalassemia and haemophilia are both Mendellan

disorders related to blood. Write the symptoms of
the diseases. Explain with the help of crosses, the
difference In the inheritance pattern of the two
diseases.
OR

Why are thalassemlia and haemophilia categorised
as Mendelian disorders? Write the symptoms of
these diseases. Explain their pattern of inheritance
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. Both

in humans. Write the genotypes of the normal
parents producing a haemophilic son. (cBsE2015)
thalassemla and haemophila are caused

due to alteration or mutatlon In a single gene and

follow Mendelian pattern of Inheritance. So. they are
categorised as Mendellan disorders.

Symptoms:

Thalassemia: Anaemla (caused due to defective/
abnormal Hb).

Haemophilia: Non-stop bleeding even in minor

iniugg,

Pattern of inheritance:
Thalassemia:

Autogomal recessive inheritance
pattern inherited from heterozygous/parent carrier.

Haemaopbhilia: X-linked recessive Inheritance inherited

from a haemaphilic father/carrier mother (females
are rarely haemophilic).

Cross for Thalassemia:

Parents Al A TA
Progany AAT ATA AAT AA
Major Minor Minor Normal

1 w28
Major : Minor : Normal

Cross for Haemophilia:

Parants X" i /Y\<
genotypes i
Gometes ® @ ®

F, generation

@ Chapter Test

Multiple Choice Questions

QlL

Q.

Q8.

The allele which expresses itself in both
homozygous and heterozygous condition Is called:
a. dominant allele

b. recessive allele

c. Incomplete dominant allele

d. inherited allele

To determine in genotype of a tall plant of
F, generation, Mendel crossed this plant with a
dwarf plant. This cross represents a:

a. test cross

. monohybrid cross

. reclprocal cross

. dihybrid craoss

......... Is an example of X-linked racessive trait.

a. Phenylketonurla

b. HaemophlUa

c. Cystic fibrosls

d. Sickle-cell anaemla

an O

Assertion and Reason Type Questions

Directions (Q,Nos. 4-5): Each of the following questions
consists of two statements, one s Assertion (A) and the ather
Is Reason (R). Select the correct answer to these questions
Jrom the codes a, b, c and d as given below,

Q4.

a. Both Assertion and Reason are true and Reason Is
the correct explanation of Assertlon.

b. Both Assertlon and Reasan are true but Reasan Is
not the carrect explanation of Assertion.

c. Assertion is true but Reason is false.

d. Both Assertion and Reason are false.

Assertion (A): The law of independent assortment
can be studied by means of dihybrid cross.

Reason (R): The law of Independent assortment Is
applicable anly to linked genes.

Q. 5.

Assertion (A): Mendelian disorders are transmitted
to offspring on the same lines as In the princlples
of inheritance.

Reason (R): The pattern of inheritance of
Mendelian disarders cannot be traced in a family
by the pedigree analysls.

Case Based Questions

Case Study 1

Q6.

0]

(i)

(i)

Mendel is known as the ‘father of genetics'
becausc of his ground breaking work on
inheritance in pea plants 150 years ago. At the
age of 21 Mendel while working in n monastery
in Brunn (now in the Czech Republic) began a
series in experiments in their botanical garden.
He found out how traits are passed from one
generation to another, i.e., inheritunce. He
studied this in peas (Piswm sativwmn), because
they are casy to grow and can be shown cach
year.

Which one from those given below is the period of
Mendel's hybridisation experiments?

2. 1856-1863 b. 1840-1850

c 1857-1B69 d. 1870-1877

How many pairs of true breeding varleties were
selected by Mendel for his experiment on pea
plant?

a. 12 b. 13 c. 14 d. 15

Among the following characters which one was
not considered by Mendel in his experiments on
pea?

a. Stern-Tall or Dwarf

b. Trichomes~Glandular or Non-glandular

c Seed-Green or Yellow

d. Pod-Inflated or Constricted
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(iv) Which is correct about traits chosen by Mendel for
his experiments on pea plant?
a. Terminal pod was dominant
b. Constricted pod was dominant
¢. Green coloured pod was dominant
d. Tall plants were recessive

Case Study 2

Q7 In a plant species that follows Mendelian
inheritance yellow flower colour is dominant
over white and round fruit shape is dominant
over elongated. Crossing was performed
between two pure lines-one having yellow-
flower and round fruit and another with white
flower and elongated fruits. About 20 plants
survived in F, progeny. Plants of F, were
allowed to self fertilise and about 960 plants
survived in F,.
Read the given passage carefully and give the
answer of the following questions:

(i) How many plants would have yellow-flower and
round fruit in F, generation?

(i) How many plants would have yellow-flower and
round fruit in F, generation?

(iii) What is the ratio of phenotype and genotype when

plant heterozygous for yellow-flower and round
fruit is back crossed with the double recessive
parent?

(iv)

When the plant heterozygous for yellow-flower
and round fruit are self crossed, then the plant
with yellow-flower and elongated fruit will be
represented by which genotype?

Very Short Answer Type Questions

Q8.

Q9.

Q10.

Pea flowers produce assured seed sets. Give a
reason.

How would you find the genotype of an organism
exhibiting a dominant phenotype trait?

Name one autosomal dominant and one autosomal
recessive Mendelian disorder in humans.

Short Answer Type Questions

Q1L

Ql2.

Mention the advantages of selecting pea plant for
experiment by Mendel.

Write the chromosomal constitution and the
resulting sex in each of the following syndrome.
(i) Turner's syndrome

(ii) Klinefelter's syndrome.

Long Answer Type-l Question

Q1a.

Name a disorder, give the karyotype and write the
symptoms, where a human male suffers as a result
of an additional X-chromosome.

Long Answer Type-ll Question

Q14.

Why the common Mendelian experiments cannot
be carried out in human beings?
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