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Inheritance
Genetics

Genetic crosses

parents: Tt × Tt
T t

T

t

TT Tt

Tt tt

green = tall (has a T)

orange = short (tt)

ratio 3 tall : 1 short

A Punnett square
shows how gametes combine –
here Tt × Tt gives 3 tall : 1
short. A
monohybrid follows
one gene; a dihybrid
two. The chi-squared
test checks if results fit
by chance.



Inheritance
Genes and control

Exam tips

Set out a cross fully: parental genotypes → gametes (in circles) → Punnett
square → offspring ratio and phenotypes.
Use the chi-squared test to compare observed with expected; degrees of freedom
= classes −1, compare with 3.84 at p = 0.05.
Recognise codominance, multiple alleles, sex linkage, epistasis and linkage – each
alters the expected ratio.
Meiosis creates variation by crossing over and independent assortment – state
both.



Inheritance
Recap

Worked example – the chi-squared test

A Tt × Tt cross gives 160 offspring: 114
tall, 46 short. Does this fit 3 : 1?

Expected: tall = 3
4
× 160 = 120; short

= 1
4
× 160 = 40.

χ2 =
∑ (O − E)2

E =
(114− 120)2

120
+

(46− 40)2

40
= 0.30 + 0.90 = 1.20

Degrees of freedom = classes −1 = 1; critical
value at p = 0.05 is 3.84.
1.20 < 3.84 ⇒ difference is not significant; the
data fit 3 : 1.

χ2 below the critical value
⇒ accept the null hy-
pothesis (any difference is
chance). Use raw counts,
never percentages.



A-Level Biology

Exercises 2.1·2.2

independent assortment

gamete gamete gamete gamete

the pairs line up in a random order, so each gamete gets a random mix

Independent assortment: pairs line up randomly, so gametes get many different
mixes

Then random fertilisation lets any gamete fuse with any other, so every new indi-
vidual is genetically different.

2 Practice
2.1 State the difference between a haploid and a diploid cell. [2]

2.2 Name the two processes during meiosis that make gametes genetically different. [2]

3 Exam-style questions
3.1 Why must gametes be produced by a reduction division? [1]

A to make the gametes larger
B to keep the chromosome number constant from generation to generation
C to copy the DNA
D to produce identical cells

3.2 During which division of meiosis are homologous chromosomes separated? [1]

A meiosis I
B meiosis II
C mitosis
D fertilisation
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Solutions
Each answer shows the steps, then the result.

2.1

• haploid has one set of chromosomes (n); diploid has two sets (2n)

2.2

• crossing over; independent assortment (random orientation)

3.1 B

• Halving the number means fertilisation restores the diploid number, keeping it con-
stant

3.2 A

• Homologous chromosomes are separated in meiosis I

3.3

• crossing over: homologous chromosomes swap matching segments at chiasmata, mak-
ing new combinations of alleles; independent assortment: the homologous pairs line
up in a random order at the equator, so gametes receive different mixes of maternal
and paternal chromosomes

3.4

(a)

• 24 = 16

(b)

• crossing over also creates new allele combinations, adding to the variety

3.5

(a)

• Crossing over in prophase I – non-sister chromatids of a bivalent exchange lengths
of DNA at a chiasma, producing new combinations of alleles on one chromosome.
Independent assortment in metaphase I – each bivalent lines up on the equator
independently of the others, so either homologue may go to either pole. Random as-
sortment of chromatids in metaphase II – the sister chromatids, no longer identical
after crossing over, separate independently

(b)

• 2n where n is the haploid number, here 3; 23 = 8 different gametes

(c)

• Crossing over creates chromatids that are not simply one homologue or the other, so
the real number of gamete types is far greater than 8; and fertilisation is random –
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A-Level Biology

Exercise 3.3

3.3 Explain how crossing over and independent assortment each increase genetic varia-
tion. [4]

3.4 An organism has a haploid number of n = 4.

(a) Calculate the number of different chromosome combinations possible in its gametes
from independent assortment alone (2n). [2]

(b) Explain why the actual number of genetically different gametes is even larger than
this. [1]
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A-Level Biology

Exercise 3.4 (a)

3.3 Explain how crossing over and independent assortment each increase genetic varia-
tion. [4]
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(a) Calculate the number of different chromosome combinations possible in its gametes
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Exercise 3.4 (a)
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A-Level Biology

Exercise 3.4 (b)

3.3 Explain how crossing over and independent assortment each increase genetic varia-
tion. [4]

3.4 An organism has a haploid number of n = 4.

(a) Calculate the number of different chromosome combinations possible in its gametes
from independent assortment alone (2n). [2]

(b) Explain why the actual number of genetically different gametes is even larger than
this. [1]
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A-Level Biology

Exercise 3.5 (a)

3.5 A diploid animal has 2n = 6.

(a) Describe three events in meiosis that produce genetic variation, naming the stage at
which each occurs. [6]

(b) Calculate the number of genetically different gametes this animal could produce by
independent assortment alone, showing your working. [2]

(c) Explain why the number of possible offspring is far larger than your answer to (b).[2]

(d) State two differences between the products of meiosis and the products of mitosis.[2]
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Exercise 3.5 (b)

3.5 A diploid animal has 2n = 6.

(a) Describe three events in meiosis that produce genetic variation, naming the stage at
which each occurs. [6]

(b) Calculate the number of genetically different gametes this animal could produce by
independent assortment alone, showing your working. [2]

(c) Explain why the number of possible offspring is far larger than your answer to (b).[2]

(d) State two differences between the products of meiosis and the products of mitosis.[2]
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(d) State two differences between the products of meiosis and the products of mitosis.[2]
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Solutions
Each answer shows the steps, then the result.

2.1

• haploid has one set of chromosomes (n); diploid has two sets (2n)

2.2

• crossing over; independent assortment (random orientation)

3.1 B

• Halving the number means fertilisation restores the diploid number, keeping it con-
stant

3.2 A

• Homologous chromosomes are separated in meiosis I

3.3

• crossing over: homologous chromosomes swap matching segments at chiasmata, mak-
ing new combinations of alleles; independent assortment: the homologous pairs line
up in a random order at the equator, so gametes receive different mixes of maternal
and paternal chromosomes

3.4

(a)

• 24 = 16

(b)

• crossing over also creates new allele combinations, adding to the variety

3.5

(a)

• Crossing over in prophase I – non-sister chromatids of a bivalent exchange lengths
of DNA at a chiasma, producing new combinations of alleles on one chromosome.
Independent assortment in metaphase I – each bivalent lines up on the equator
independently of the others, so either homologue may go to either pole. Random as-
sortment of chromatids in metaphase II – the sister chromatids, no longer identical
after crossing over, separate independently

(b)

• 2n where n is the haploid number, here 3; 23 = 8 different gametes

(c)

• Crossing over creates chromatids that are not simply one homologue or the other, so
the real number of gamete types is far greater than 8; and fertilisation is random –
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Exercise 3.5 (c)

3.5 A diploid animal has 2n = 6.

(a) Describe three events in meiosis that produce genetic variation, naming the stage at
which each occurs. [6]

(b) Calculate the number of genetically different gametes this animal could produce by
independent assortment alone, showing your working. [2]

(c) Explain why the number of possible offspring is far larger than your answer to (b).[2]

(d) State two differences between the products of meiosis and the products of mitosis.[2]
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• Crossing over creates chromatids that are not simply one homologue or the other, so
the real number of gamete types is far greater than 8; and fertilisation is random –

A-Level Biology • 16.1 Passage of information from parents to offspring 6any one of the male gametes may fuse with any one of the female gametes, multiplying
the possibilities

(d)

• Meiosis gives four haploid cells, mitosis two diploid cells; meiotic products are all
genetically different from each other and from the parent, mitotic products are genet-
ically identical to it
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Exercise 3.5 (d)

3.5 A diploid animal has 2n = 6.

(a) Describe three events in meiosis that produce genetic variation, naming the stage at
which each occurs. [6]

(b) Calculate the number of genetically different gametes this animal could produce by
independent assortment alone, showing your working. [2]

(c) Explain why the number of possible offspring is far larger than your answer to (b).[2]

(d) State two differences between the products of meiosis and the products of mitosis.[2]
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