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Variation and Genetics

Exercise

Section I: Multiple Choice Questions

Select the correct answer.

1. Which one of the following correctly represents central dogma of life?
a) DNA + RNA=Protein

b) DNA —» RNA + Protein

c) DNA — > RNA — Protein

d) Protein —DNA — » RNA

2. How many Kkinds of gametes can be formed by an organism having a

genotype BbCc?
a)l b) 4
c)2 d) 8

3. Which one of the following is genetic material?

a) mRNA b) tRNA

c) DNA d) rRNA

4. The phenotypic ratio at F2 in the law of independent assortment is:
a)9:3:3:1 b) 9:3:1:1

c) 9:3:1:3 d) 9:3:3:2
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5. Which one is an example of Co-dominance?

a) Blood group B b) Blood group A
c¢) Blood group O d) Blood group AB
6. Which one of the following processes is known as protein synthesis?
a) Duplication b) Translation

c) Mutation d) Replication

7. In which one of the following histone protein is present?

a) DNA b) RNA

c) Chromosomes d) Centrosome

8. Which one is the source of variations:

a) Guttation b) Transcription

c¢) Translation d) Mutation

9. Movement of genes from one population to another is called:
a) Crossing over b) Recombination
c¢) Gene flow d) Mutations

10. Process of translation occurs in:

a) Golgi apparatus b) Ribosomes

c¢) Nucleus d) Endoplasmic reticulum
11. What does each nucleosome consist of?

a) RNA molecules

b) DNA wrapped around eight histone proteins

c¢) Chromatids and centromeres
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d) Telomeres and kinetochores

12. In Mendelian genetics, a dominant allele:

a) Is always expressed when present

b) Is never expressed

c) Is only expressed in the presence of a recessive allele
d) Is the same as a recessive allele

13. Which part of chromosome is responsible for protecting it from

degradation?
a) Centromere b) Telomere
c¢) Chromatid d) Histone

14. What ratio did Mendel observe in the F2 generation of a monohybrid

Cross:
a) 1:1 b) 2:1
c)3:1 d) 9:3:3:1

15: In a test cross, if all offsprings display dominant trait, the parent with

the phenotype is:
a) Heterozygous b) Homozygous

c¢) Mutated d) Recessive
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Section II: Short Answer Questions

1. Represent the phenotype and genotype of F1 and F2 generation of the

given cross of pea plant (‘T’ is dominant over ‘t’)

TT (Tall) X tt (Short)

Ans. In the given cross TT (Tall) x tt (Short):

F:1 Generation:
All offspring will have genotype Tt and phenotype Tall, because T is dominant

over t.

F: Generation:
Genotyperatio=1TT:2Tt: 1 tt
Phenotype ratio = 3 Tall : 1 Short.

2. Why did Mendel selected pea plants in his experiments?

Ans. Mendel selected pea plants for his experiments because they have clear
contrasting characters and are easy to study. They have a short life cycle, produce
many offspring, and are naturally self-pollinating but can also be cross-pollinated

easily.
3. Give a comparison between continuous and discontinuous variations.

Ans. Continuous variation shows a gradual range of differences with no distinct
groups, such as height and weight, and is usually controlled by many genes.
Discontinuous variation shows clear and distinct categories with no
intermediate forms, such as blood groups, and is usually controlled by a single

gene.
4. What is meant by the following terms?

a) Heterozygous b) Genotype
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Ans. a) Heterozygous:
An organism having two different alleles for a trait, such as Tt, is called

heterozygous.

b) Genotype:
The genetic makeup or combination of alleles of an organism for a particular

trait is called genotype.
5. Differentiate between transcription and translation.

Ans. Transcription is the process in which mRNA is formed from DNA in the

nucleus.

Translation is the process in which the information of mRNA is used to make

proteins at the ribosomes.

6. Briefly describe Incomplete Dominance by giving example of ‘4’ O Clock
plant.

Ans. Incomplete dominance is a type of inheritance in which neither allele is
completely dominant over the other, so a blended phenotype appears in the
offspring. In the ‘4 O’ Clock plant (Mirabilis jalapa), when a red flower plant is
crossed with a white flower plant, the F1 generation produces pink flowers. In F2

generation, the ratio is 1 red : 2 pink : 1 white.
7. What is the composition of chromatin material.

Ans. Chromatin material is composed of DNA and proteins. The proteins are
mainly histone proteins, around which DNA is wrapped to form nucleosomes.

Thus, chromatin consists of DNA associated with histone and other proteins.

8. Write the names of two such nucleotides which make triple hydrogen

bond with each other.
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Ans. In DNA, guanine pairs with cytosine through triple hydrogen bonding,

which makes this pair stronger than adenine—thymine pair.
9. What is meant by the term “True Breeding”

Ans. True breeding refers to organisms that produce offspring with the same trait
when self-pollinated or crossed among themselves. Such organisms are usually

homozygous for a particular character, for example TT (tall) or tt (short) plants.
10. What is the difference between dominant and recessive allele.

Ans. A dominant allele is the allele that expresses its trait even in the presence

of a recessive allele, such as T for tallness.

A recessive allele expresses its trait only when it is present in homozygous

form, such as tt for shortness.
11. What are homologous chromosomes?

Ans. Homologous chromosomes are a pair of chromosomes that are similar in
size, shape and position of genes. One chromosome of the pair is inherited from

the mother and the other from the father, and both carry genes for the same traits.
12. What is the theory of special creation?

Ans. The theory of special creation states that all living organisms were created

in their present form by a supernatural power only a few thousand years ago.

According to this view, species were created separately and do not change over

time.
13. Define Mendel’s Law of Independent Assortment.

Ans. Mendel’s Law of Independent Assortment states that the alleles of
different traits separate independently of each other during the formation of

gametes.
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14. Why do chromosomes need to compact into thick chromatids during

cell division?

Ans. Chromosomes compact into thick chromatids during cell division to become
short and thick so they can move easily without getting entangled or damaged.
This ensures the safe and equal distribution of genetic material to the daughter

cells.

15. How can two parents with free earlobes have a child with attached

earlobes?

Ans. Free earlobes are a dominant trait (E) while attached earlobes are recessive
(e). If both parents have free earlobes but are heterozygous (Ee), they can pass
the recessive allele to their child. When a child receives e from both parents (ee),

the child will have attached earlobes.

Section I11: Extensive Answer Questions

1. Discuss Mendel’s Law of Independent Assortment with suitable example

by making Punnet square.
Ans. Mendel’s Law of Independent Assortment

Mendel’s Law of Independent Assortment states that the alleles of different traits
separate independently of one another during gamete formation, provided the
genes are located on different chromosomes. This means inheritance of one

character does not affect the inheritance of another.

Example: Seed Shape and Seed Colour in Pea Plant



Mendel performed a dihybrid cross using two traits:

« Seed shape:
o Round (R) — Dominant
o Wrinkled (r) — Recessive
« Seed colour:
o Yellow (Y) — Dominant
o G@Green (y) — Recessive
Parental Cross (P):
RRYY (Round Yellow) x rryy (Wrinkled Green)
Gametes:
« RRYY —>RY
o ITYy —TYy
F1 Generation:
All offsprings: RrYy (Round Yellow)
F2 Generation (RrYy x RrYy)
Gametes produced.
RY, Ry, rY, ry
F2 Phenotypic Ratio:

9 Round Yellow

3 Round Green

3 Wrinkled Yellow

1 Wrinkled Green

2



Phenotypic ratio =9: 3: 3: 1

RY

ry

ry

iy
A

RY Ry ry ry
RRYY | RRYy | RrYY | RrYy
RRYy | RRyy | RrYy | Rryy
RrYY | RrYy | rrYY rrYy
RrYy | Rryy | rrYy rryy

Fig: Punnett Square

2. All traits in organisms do not obey Mendel’s laws. Explain two such

traits which shows deviations from Mendel’s laws?

Ans. Some traits show deviation from Mendel’s laws of dominance because one

allele does not completely dominate the other. Two important examples are:

1) Incomplete Dominance

In incomplete dominance, neither allele is completely dominant, so the

heterozygous offspring shows a blended phenotype.

Example: 4 O’ Clock Plant (Mirabilis jalapa)

« Red flower = RR

o White flower =rr

Parental Cross:
RR (Red) x rr (White)

F: Generation:



)

All Rr (Pink) flowers

(Intermediate colour appears)
F2 Generation (Rr X Rr):

Genotypicratio=1RR : 2 Rr: 1 1r
Phenotypic ratio = 1 Red : 2 Pink : 1 White

This does not show Mendel’s 3:1 ratio, so it is a deviation.
2) Co-dominance

In co-dominance, both alleles express equally in heterozygous condition. No

blending occurs.

Example: Human Blood Group (AB)
« TA=Aallele
« IB=Ballele

When genotype is IAIB, both A and B antigens appear together, producing AB
blood group.

Thus, both traits are fully expressed, showing deviation from Mendel’s law of

dominance.

3. Describe the different parts of a chromosome, including chromatids,

centromeres and telomeres.
Ans. Parts of a Chromosome

A chromosome is a thread-like structure present in the nucleus made up of DNA
and proteins. During cell division, it appears as a thick structure and consists of

the following main parts:

1) Chromatids



o A duplicated chromosome consists of two identical strands called sister

chromatids.
o Each chromatid contains a single DNA molecule.
o The two chromatids are joined together at a centromere.

o During cell division, sister chromatids separate and move to opposite

poles.
2) Centromere

The centromere is the constricted region of a chromosome.

It joins the two sister chromatids together.

Spindle fibers attach to the centromere during cell division.

It helps in the equal distribution of chromosomes to daughter cells.

3) Telomeres
o Telomeres are the protective ends of a chromosome.

o They prevent chromosomes from damage and fusion with other

chromosomes.
« They protect genetic material during replication.

Chromosome

Centromere

Telomere

Chromatid Chromatid

Fig: Chromosome Morphology
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4. Explain what a test cross is and how it can be used to determine whether

an organism displaying a dominant trait is homozygous or heterozygous.
Ans. Test Cross

A test cross is a cross between an individual showing a dominant phenotype
(unknown genotype) and a homozygous recessive (tt) individual. It is used to
determine whether the dominant individual is homozygous (TT) or

heterozygous (Tt).

Case 1: If the dominant parent is Homozygous (TT)

Cross:
TT x tt
Punnett Square:
T t
T TT | Tt
t| Tt | tt
Result:

All offspring = Tt (Dominant phenotype)
If all offspring show the dominant trait, the parent is homozygous (TT).

Case 2: If the dominant parent is Heterozygous (Tt)

Cross: Tt x tt



Punnett Square:

T t
t Tt tt
t Tt tt

Result:
Genotypic ratio=1 Tt : 1 tt
Phenotypic ratio = 1 Dominant : 1 Recessive

5. Explain the results of F1 and F2 generations in monohybrid cross and

describe the conclusions he drew regarding dominant and recessive traits.
Ans. Monohybrid Cross

A monohybrid cross is a cross between two organisms differing in one pair of

contrasting characters.
Example: Height in Pea Plant
Tall = T (Dominant)

Short =t (Recessive)
Parental Generation (P):
TT (Tall) x tt (Short)
Gametes: T and t

F:1 Generation

G+ )



Punnett Square:

T | T
Tt | T
Tt | T

Result:
All offspring = Tt (Tall)

Observation: Only dominant trait (Tall) appears in F.
F2 Generation (Selfing of Fi: Tt x Tt)

Punnett Square:

T t
T IT Tt
t Tt tt

Genotypic ratio:

ITT:2Tt:1tt

Phenotypic ratio:
3 Tall: 1 Short

Conclusions Drawn by Mendel

o Traits are controlled by factors (genes) present in pairs.



One factor may be dominant, masking the effect of the other.
The hidden trait (recessive) reappears in F2 generation.

The inheritance follows a 3:1 phenotypic ratio in monohybrid cross.



