GENETICS

The branch of science which deals with the study of the characteristics of heredity and variations of living
beings is called Genetics.

Firstly, the word Genetics was used by Bateson in 1905. This word has originated from the Greek word Gene.

Transmission of various genetic characteristics is a continuous process which takes place from generation to
generation in living organisms through gametes during the process of sexual reproduction.

These characteristics are called Hereditary characters.

This transmission of these hereditary characteristics from

The term ‘Heredity' was propounded by Spencer in 1863. During sexual reproduction,
to the crossing over of genes among living organisms of a particulars species.

i) Mendelism

L Gregor Johann Mendel (1822-1884) is known as the ‘Father of Genetics',
because he was the first to prpound the laws of heredity in plants.

Mendel was born on 22nd July 1822 in Silision village of Heizendarf province
in Austria.

After receiving the degree of philosophy in 1842, he became the father of a
church in Brunn city of Austria in the year 1843. In the church garden, Mendel
experimented hybridisation on garden pea (Pisum satioum) for seven years
(1857-1865). The results of these experiments were put in the form of research
papers and were presented before Brunn society of Natural History in the year
1865. In the year 1866, these experiments were published in the annual reports of
the society Linile the heading of ‘Experiments on plant hybridization'. On the basis
of the resul ‘of@/lendel's experiment on garden pea, "Laws of inheritance' was
propounded which is also known as Mendelism. Miendel died on 6th January, 1884./ /= Gregor Johann Mendel

parental generation to offsprings is called heredity.
variations occur due

3.1.1 Reasons for Mendel's Success

’1”6( (i) Mendel studied one particular heredity of one particular characteristic at one time.
(ii) Mendel very carefully performed statistical analysis of entire data of his hybridization experiments.
(iii) Mendel made a careful choice of plant for his experiment./r,‘ 1%

3.1.2 Selection of Pea Plant

lu{ Mendel chose the Garden pea plant for his experiments because :
(i) As it was an annual plant, study of different generations could be possibly done in less time.

(ii) Being bisexual flowers. Homozygous or Pure line variety plants can be easily obtained by the process of
self-pollination.

('{ii) Artificial cross-pollination (hybridization) can be done easily by the process of Emasculation.
(iv) In a pea plant, various pairs of contrasting traits are found. S' 1V
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Sk ters which are as folloy,
pen —ent, Mendel chose seven pairs of contrasting charac *
e

Recessive Traits
S.No. Characters Dominant Traits_ : Dwarf
1. Height of the plant Tall Terminal
2. | Position of flower Axial M tricted
3. Shape of matured pea Inflated COns;I rcte
4, Colour of immatured pea Green i ?W
5. | Colour of the flower Violet VYh'te
6. | Shape of the seed Rounded Hined
7. | Colour of the seed Yellow e
Characters Dominant el
Structure of seed . | @ 0
Rounded Wrinkled
Colour of seed i @ o
Yellow . ' Green
Colour of flower ' ;’@
Violet : White
Shape of mature pea
' Inﬂated Constricted

Colour of immature pea

N\

Green

Position of the flower

A
>

5@

Axial Terminal

H_eight of the plant _ ‘é,]

Long s

Dwarf
Flg. 3.1 7 pairs of contrastlng traits studied in Mendel’s experiments
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;ﬁm Rediscovery of Mendelism

The laws of inheritance (1845
piologists: (1865) p fopounded by Mendel were not appreciated for 3? years by contemporary

Hugo de Vries of Holland
dividual expetiments and redi;c:::ércorrens of Germany and Erich Von Tschermak of Austria conducted

ed the laws of Mendel in 1900. '

¢ EE] Genetics Terminology

understand M ! . .
To endel's laws of inheritance, it is necessary to go through the following terms :
1. Gene : The factor which controls an

for a gene. The term ‘gene’ was late

y one character is called gene. The word ‘factor” was used by Mendel
Allel h r on given by Johannsen.

2. for;ls?g}osp or A;Iele : The term Allelomorph allele was used for the factors representing the two alternate
S gene. for example, the genes T and t for tallness and dwarfness are alleles for height in garden

3. Homozygous : An individual who contains identical alleles of a gene or factors of a character on his

homologous chrorr.losome is called homozygous. For example, TT allele pair is homozygous for height in
pea plant. TT or tt is another example. |

4. Heterozygous : An individual who contains two contrasting factors of a character or two different alleles of
a gene on his homologous chromosome is called heterozygous.
N For example- The pea plant with Tt allele pair is heterozygous for height.
. Phenotype : External appearance and functional traits of a living organism produced due to the interaction
of genes and environment is called phenotype.
For example- Tall plants can be homozygous (TT) or heterozygous (Tt). Here, tallness is the phenotype.
6. Genotype : Genetic constitution of any living organism is called its genotype.
For example : Pure or homozygous tall (TT) or Impure or heterozygous tall (Tt);‘) 2
7. Dominant Characteré’ : The allele which always expresses itself in F; generation is called dominant
character. ) ' %
8. Recessive Character : The allele which fails to express itself in the presence of its contrasting dominant
allele in F; generation is called recessive character.
9. Monohybrid Cross : It is a cross made to study the inheritance of a single pair of alleles or factors of a
character and is called monohybrid cross. 12
i) Dihybrid Cross : Itis a cross made to study the inheritance of two pairs of factors or alleles of two genes and
is called dihybrid cross. ) 2. %
11. Trihybrid Cross : A cross in which the inheritance of three pairs of alleles or factors are studied is c;l]ed
trikybrid cross.
12. Polyhybrid Cross : The cross in which the inheritance of various pairs of alleles or factors are studied, is
called polyhiybrid cross. _
13. Test Cross : The cross in which F; generation is crossed with the recessive homozygous parent is called test
Cross. T ,
14. Back Cross : The cross in which the F; generation is crossed with one of its parents is called back cross.

15. Reciprocal Cross : The cross (the hybridization) in which plant A’ (TT) is used as the male parent while
plant ‘B’ (tt) is used as the female parent. In second case, plant A’ (TT) is used as the female parent and plant
‘B’ (tt) is used as the male parent which is called reciprocal cross.

16. Parental Generation : The plants which are crossed to get new hybrid offsprings are called parental
generation. ‘ ; '
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17. F, (first filial) generation : The first generation produced by the cross hybridization between geneﬁca]jj’
different individuals or parents. ‘

18. F, (second filial) generation : The hybrids produced by the cross between F; generation. 'ﬂ
19. Monohybrid ratio : It is the ratio obtained by monohybrid cross.
20. Dihybrid ratio : It is the ratio obtained by dihybrid cross. %

@ EX] Mendel’s Laws of Inheritance _
Mendel conducted breeding experiments on garden pea (Pisum sativum) and formulated some importap
principles called Mendel’s laws of heredity or laws of inheritance. These laws are as follows : '
\?L 1. Law of dominance.
2. Law of segregation or law of purity of gametes.
3. Law of independent assortment.) \A-

3.4.1 Law of Dominance :
1°( This law of Mendel is based on the results of a monohybrid cross. According to this law, out of two
contrasting allelomorphic factors, only one expresses itself in an individual. The factor that expresses itself is‘
called dominant, while the other which is not expressed is called recessive.

Example : If a pure or homozygous tall (TT) pea plant is crossed with homozygous dwarf plant (tt), the plantsk
appeared in F; generation are all (100%) tall (Tt). :

Homozygous tall Homozygous dwarf
TT Plants x tt Parents (P-Generation)
Gametes
Tt .
hybrid tall F1 generation

Fig. 3.2 Interpretation of Law of Dominance ) L

3.4.2 Law of Segregation or Law of Purity of Gametes

y? This law of Mendel is also based on the monohybrid cross. According to this law, during gamete formaﬁpp};e
the alleles for each gene segregate from each other, so that each gamete carries only one allele for each gene. In
hybrid of F, both contrasting characters remain in pair. These characters are separated in F, generation. Smce
each gamete possesses one allele for each character, they are always pure, therefore, it is also called law of puriﬁ;’
of gametes. i

Example : If homozygous tall (TT) and homozygous dwarf (Tt) pea plants are crossed, then all the hyblidi‘i i
F; generation will be heterozygous tall (Tt). In heterozygous, although both the alleles remain with each other, ¢!
they do not contaminate. During the gamete formation, both the alleles from the pair separate and forth
individual gamete. Because of this, dwarf character (Tt) reappears in F, generation. ‘ s

The phenotypic ratio of I, generation is 3 : 1 and the genotypic ratiois 1: 2 : 1.

¥,
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f \
Tall Dwarf
) ' ; 5 it P-Generation
( omozygous) ,!, (homozygous)
O O
(heterozygous) Gametes
Tfli‘” F4 generation
M |
Female gamete Male gamete
1
NO|O
@ TT | Tt
Tall | Tall F2 generation
Tt it
@ Tall | dwarf
Fig. 3.3 Interpretation of Law of Segregation
Phenotypic ratio—  3tall : 1 dwarf

Genotypic ratio - 1 homozygous tall : 2 heterozygous tall : 1 homozygous dwarf r)z?
1 (tt)

1(TT) 2 (Tt)

3.4.2.1 Back Cross

If a pure tall plant (TT) is crossed with pure dwarf plant (tt), then
hybrid plants (Tt) are produced in F, generation. When F; hybrid is
crossed with any one parent (whether TT or tt) then this cross is called
back cross. In this type of cross, offsprings will always be 50% pure breed
tall TT and 50% hybrid type Heterozygous tall (Tt) plant.

Phenotypic ratio - 100% tall plant

Genotypic ratio - 1 1
50% TT 50% Tt
(homozygous) - (heterozygous)
3.4.2.2 Test Cross

lX A cross between an orgagj\? of F; generation and a homozygous
recessive parent is a test crosisj he offsprings obtained from this cross
show the same genotype and phenotype ratio, i.e., 1: 1. The ratio will be
50% (heterozygous tall, Tt) dominant and 50% (homozygous dwarf, tt)
recessive.

Phenotypic ratio -
Genotypic ratio -
50 % heterozygous tall (Tt)

50% tall 50% dwarf

50% homozygous dwarf (tt)

Itis a cross which is performed between hybrid and one of its parents) N

Tall Tall ‘ E
Tt-F4 generation TT-(dominant)
(heterozygous) X (homozygous)
Gametes Gamete

O

)0

TT
Tall | Tall
Fig. 3.4 Interpretation of Back Cross

¥

T

dwarf

tall
Tt-F4 generation tt-recessive parent
(heterozygous) X (homozygous)
Gametes Gamete

O

©

Tt
tall

©

ft
dwarf

i
®

Fig. 3.5 Interpretation of Test Cross
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2 , ding to this law,
T \\This law of Mendel is based on the results of a dihybrid cross. According

4.3 Law of Independent Assortment the alleles of ¢, &
ds, the allg].:

ther. In other words, the alle]g i

more) different genes get sorted into gametes independenﬂx of one a::gth er gene. Therefore, it is calle b
amete receives for one gene does not influence the allele received for a T8
independent assortment.

Example : When heterozygous round and yellow (YYRR) seed ol
green (yyrr) seeds of a pea plant, it was observed that all seeds of F;, gene
(YyRr).

r types of seeds prodi. Y

When the F, hybrids were allowed to cross among themselves, they produced four typ P ‘_."

.2-4:1:2:1:2:1.
: g : iy icraioof 1:2:2:4:1:
Plants in F, generation in the ratu:t o?f] (198: \’;”e'.loi. 1 and genotypic rati g e

s of a pea plant was crossed with Wrinkjeg .:
tion were of round and yellow e

Chn
Bp
N

\

yyrr
(hon:{:RR (homozygous)
zygous) X Parent
l generation

Yy Rr

F; generation

®
®

Yellow Round
(heterozygous)

l Self-pollination

IN ] ® | ® | ®

YYRR YYRr YyRR YyRr
Yellow round | Yellow round Yellow round Yellow round

YYrR YYrr YyrR Yyrr
Yellow round |Yellow wrinkled Yellow round Yellow wrinkled

®

YyRR YyRr yyRR

yyRr
Yellow round | Yellow round | Green round

Green round

YyRr Yyrr yyRr yyrr
Yellow round | Yellow wrinkled Green round |Green wrinkled

Lt
. ‘_"——-—.._——-—-_.___1
Fig. 3.6 Interpretation of Law of Independent As

sortments s
eratio: 9 : 3 : . -1 g/
Fhenotyp Round Green Yellow Green -
yellow round wrinkled wrinkled
Genotype ratio U2z o2 4 R (N T T
YYRR YyRR  YYRr  YyRr  yyRp op. Yrr o Yy yyrr ‘
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cing reii;_s:“;xl:ttcharacters are found‘in living organisms because various harmful
oved by the I\/iend 10‘ express themse'lves In the presence of dominant genes.

of segregati, el ‘Law of segregation or law of purity of gametes’,
1, one gene has two alleles and it controls two contrasting traits.
e better understood by Mendel's laws.

€SS traits can be removed, while useful traits can be brought in a specific

Itis extremely imp f Inherita nce

and lethal genes, 1,

generation 1§ over, usel

obtained,
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Important Points|
Genetics word was first used by Bateson. | .

In living organisms, transmission of inherited characters from their parents to the offs
The study of heredity and variations is called inheritance.
Gregor Johann Mendel is known as the Father of Genetics.

Mendel used (Pisum sativum) garden

; pea for his experiments of crossing over in plants. On the basis of the results of
these experiments, Mendel Propounded the laws of inheritance called Mendelism.

Hugo de Vries, Carl Correns and Ericis Von Tschermak redisc
Mendel studied the heredity of one character of a heredity
When two alleles of a
heterozygous.

The generation obtained by the crossin
over of F; generation is F, generation.

prings is called heredity.

overed the Mendel's laws of segregation.
at one time.

gene are the same then it is called homozygous and when they are different then it is called

g over of parents is F, generation and the generation obtained by the crossing

The character which expresses its identity in F, generation is called dominant traj
express its identity F, generation is called recessive trait,

When F, generation is crossed with recessive parent then it is called test cross.
When F; generation is crossed with any one of the parents then it is called back cross.

According to the Mendel's law of seggregation or law of purity of gametes, durin
separated and each gamete possess one allele of each gene.

According to the Mendel's law of independent assortment, alleles of two (
independently.

According to Mendel's monohybrid cross of F, generation has :

Phenotypic ratio - 3: 1; Genotypic ratio-1:2:1

The dihybrid cross of F, generation has ol ~

Phenot;picratio-g:;:}:1; -~ Genotypicratio-1:2:2:4:1:2:1:2:1
Through crossing over, different good characters of different class (family) can be brou ght into one individual (progeny) .
of choice. oy _

By using Mendel laws, disease disinfectants and high yield of crops can be obtained.

Mendel's laws proved the theory of ‘Gene concept’.

Eugenics is the branch of science which deals with the study of development or improvement of human life é_lnd._it js 23
based on Mendel’s laws. . u ‘ :

t, while the character which does not

g gamete formation, alleles get

or more) different genes behave . -

EA R
bR & s 2
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K
organisms is called :

(a) Genetics (b) Geology

(c) foresting ~ (d) None of these
4. The green colour of the pea bean is a —trait : |

(a) Dominant (b) Recessive

() Incomplete dominance (d) Codominance
5. Generally, how many alleles are there in a gene?

(c) Two (d) One e

8. The ratio of the hybrids formed from the cross Tt x tt will be :
(@ 3:1 (b) 1:1 c) 1:2:1 (d) 2:1
9. Which contrasting trait did Mendel not choose for his experiment :
(a) colour of the root (b) colour of the flower
(c) colour of the seed (d) colour of the fruit
10. In F, generation of monohybrid cross, how many types of genotype are formed?
(c) 4 (d) 9

E4
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.

. The branch of science which deals with the study of heredi

. How many pairs of contrasting traits did Mendel chose for his experim
(@ 7

. When F, generation is cr

|~

sl

e s 8 8 8 00004 ,, fon %
[
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Who propounded the word 'Genetics'? ‘
(@) Mendel (b) Bateson (c) Morgan (d) Punnet
On which of the following, Mendel performed his experiments :
(a) sweet pea (b) wild pea (c) garden pea (d) Allthese
ty and variations of characters in s

(a) Four (b) Three
ent?

(@) 34 (b) 7 ) 12
ossed with any one parent then it is called as :

(a) Back cross (b) Test cross
(c) Reciprocal cross (d) Allthese

(@ 2 (b) 3

g
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Very Short Answer Type QUEeSHONS . .o ovovveenaoses .
i 7 , W I 4—",_",. A f/T,;ﬂ‘/

Who is known as the Father of Genetics ? An, Croddy propfimsad B

On which plant did Mendel perform his experiments 2 Ped P2

What is dominant character?
What do you call the transmiss

¢

cedi o
n to ’ém(_)the'qegenﬁr |

jion of hereditary characters from one generatio
0, oyl Lossey and [ich V0N

(A AA ‘J'

Mendel ? Lh}ﬂg A VX!

Who rediscovered the laws of
Write down the complete name of Mendel. Qiv (nyeoqo t Johr ¢/ apddh
Write the names of the laws ermulated by Mendel.
What is Test cross? ]
What do you understand by Back cross? _ ‘ " daM
e understood by monohybrid cross? Louwd O{: \'-’(d‘z;tm evl'b
| s $9?

Which law of Mendel cannot b
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[ Short Answer Type Questions ............coviiiiiiiiiiinnnnnnnns

yDifferentiate between phenotype and genotype. ",Q,q,"m',h’ 0 ﬂ)
v Explain dihybrid cross.
. Mention the reasons for Mendel's success.
Mhy did Mendel choose pea plant for his experiments?
‘ . 25-Write a brief introduction of Mendel's life.
2% Explain Mendel's law of dominance. £,
vZklifplain the importance of Mendel's laws of inheritance.

[ Long Answer Type QUuestions. . ...ovvverinereneeeeenennnonnnnnas
ZBxDescribe Mendel's law of segregation with example.
&What is Mendelism? Describe the law of independent assortment.
\}QKBﬁéﬂy explain Mendel's laws of inheritance.

. (b) 2. (c) 3.(a) 4. (a) 5. (c) 6. (d) 7. (c)
9
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