Normal human cells have 23 sets of homologous chromosomes – one from each parent. These are
known as autosomes, and, in addition, there
is one pair of sex chromosomes, so human
body cells have 46 chromosomes and are
said to be diploid (2n). (N.B. red blood cells
have no DNA and no chromosomes).
These cells are formed by mitosis and are
genetically identical to each other – clones.
Gametes (sperm and eggs) join together at
fertilisation to form the first cell of the new
individual (the zygote); so they have 23
chromosomes each and are said to be haploid
(n). These cells are formed by meiosis and
each cell is unique. This means that the
offspring
resulting
from
sexual
reproduction are also unique – the raw material for evolution.

Meiosis.
Just as in mitosis, this begins with the doubling of the DNA and chromosomes during the S stage
of interphase, but unlike mitosis, meiosis consists of two divisions, thus producing four cells,
each with half the original DNA (i.e. haploid cells). These divisions have the same 4 stages as
mitosis (Prophase, Metaphase, Anaphase, Telophase – I Pee Mat), but since each stage happens
twice, each stage is indicated by the Roman numeral I or II; thus Prophase I, Anaphase II etc. It is
the first division that is most important (see below), whilst the second division is essentially the
same as mitosis, with the sister chromatids being separated out into individual cells.
The second feature of meiosis is that variation is introduced. This takes place in two stages:
1) The chromosomes line up in homologous pairs
(bivalents) at the start of Prophase I and sections of
each chromatid are exchanged. This is known as
‘crossing-over’ and takes places at places known as
chiasmata. Each chiasma can only take place
between genes, so the result is that different
combinations of alleles will be produced on each
chromosome, but each chromosome will always
have the full set of
genes. The place on
a
chromosome
where a gene is
found is known as
its locus.

2) In Metaphase I, the homologous pairs
of chromosomes line up randomly
across the equator of the cell, so each
daughter cell will get a random mixture
of ‘mother’ and ‘father’ chromosomes.
This is known as ‘independent
assortment’ and is the second cause of
variation.
With 23 pairs of
chromosomes, each human can thus
produce 223 different gametes – 246 for
each couple!

Variation between individuals also occurs as a result of the environment:

Phenotype = Genotype + Environment

Sex Inheritance
Female mammals are XX (the homogametic sex), so each egg
carries an X chromosome; males are XY (the heterogametic
sex), so they produce equal numbers of X- and Y- containing
sperm. It is thus the male’s sperm that determines the sex of
the offspring. Since males have only a single X chromosome,
all alleles on the X chromosome will always be expressed.
Examples include haemophilia and red/green colourblindness.
Females who have only one defective gene will not express it
(since these are recessive traits), but will be able to pass it on
to their offspring – they are carriers (XHXh). Assuming their
partner is normal (XhY), ½ their female offspring will be
carriers (XHXh) and ½ normal (XhXh), whilst ½ their male
offspring will be normal (XhY) and ½ afflicted (XHY). Thus 1
in 4 (25%) of all their offspring will be afflicted.

Monohybrid Inheritance (dominant x recessive):
You covered this for GCSE, so it is not repeated here in detail. See diagram below and note that the
F1 individuals all have the same dominant trait. In the F2 generation the recessive trait
reappears, where the phenotypes (left) have a ratio of 3 : 1, whilst the genotypes (right) have a
ratio of 1 : 2 : 1.

Monohybrid Cross (co-dominant)
You probably covered this too for GCSE. In this case, the two
original traits are co-dominant and all the F1 are of an intermediate
form (generally colour); the F2 then segregate out as 1 : 2 : 1, in both
phenotype and genotype, as shown in the diagram (right - ignore the
reference to plant ‘sperm’!).
The situation with blood-groups is much the same, with groups A and
B being co-dominant over group O. Unusually, these genotypes are
shown as ‘I’, with 3 forms – IA, IB, and IO. This means that:

Genotype

Phenotype (Blood Group)

IA IA or IA IO

A

IB IB or IB IO

B

IA IB

AB

IO IO

O

Dihybrid Cross (2 dominants x 2 recessive)
This is more complex, but remember that it does not matter in which order the traits are found;
double dominant x double recessive (i.e. RRYY x rryy) gives exactly the same result if the traits
are swapped around (i.e RRyy x rrYY). The key thing to remember is that each gamete must have
ONE of each letter, and that the resulting offspring must therefore have TWO copies of each
letter.
Most students find it helpful to draw a Punnett square. This simply means putting the symbols for
the gametes of one parent across the top (in this case, 4) and those of the other parent down the side
(in this case, 4 again, giving 16 squares in all).
By convention, gametes are always shown with a circle around them, thus in a simple cross for the
sex of the offspring from a couple is shown as:

Parents:
Gametes:

XX
X or X

Offspring: XX

XX

x

XY
X or Y
XY

XY

This can be managed without a Punnett square, but dihybrid crosses would be a nightmare, so are
better drawn as a Punnett Square:

This gives a 9 : 3 : 3 : 1 ratio for the F2 generation, made up of :
9 double dominant (56%)

or phenotype Round, Yellow

3 dominant recessive (19%) or phenotype Round, Green
3 recessive dominant (19%) or phenotype Wrinkled, Yellow
1 double recessive (6%)

or phenotype Wrinkled, Green

You should practice these crosses until you can do them easily, but a cross between a double
recessive parent type (i.e. ttpp) and a hybrid type i.e. (TtPp) is worth learning. Known as the
test cross, it gives a ratio of 1 : 1: 1: 1 for each of the 4 possible offspring phenotypes (i.e. 25%
each).

Chi-squared (χ2) test:
An important question to answer in any genetic experiment is how to decide if our data fits any of
the Mendelian ratios we have discussed. A statistical test that can test out ratios is the Chi-squared
(χ2) test.
Chi-Square Formula

Degrees of freedom (df) = n-1 where n is the number of classes
Let's test the following data to determine if it fits a 9:3:3:1 ratio:

Observed Values

Expected Values

315 Round, Yellow Seed

(9/16)(556) = 312.75 Round, Yellow Seed

108 Round, Green Seed

(3/16)(556) = 104.25 Round, Green Seed

101 Wrinkled, Yellow Seed

(3/16)(556) = 104.25 Wrinkled, Yellow

32 Wrinkled, Green

(1/16)(556) = 34.75 Wrinkled, Green

556 Total Seeds

556 Total Seeds

You will notice that, though the observed values are all whole numbers, the expected values are
given to 2 d.p. That is quite normal – indeed, is almost always the case.

Number of classes (n) = 4, so df = 3 (df = n-1 = 4-1 = 3); Chi-squared value = 0.47
Enter the χ2 table at df = 3 and we see that this number is
A Chi-Square Table
less than 0.58, so the probability that our results are due to Degrees of
Probability
chance is greater than 0.9 (90%). By convention, in Freedom
0.9 0.5 0.1 0.05 0.01
biology we use the 0.05 (5%) probability level as our
1
0.02 0.46 2.71 3.84 6.64
critical value. A χ2 value that is greater than this, i.e.
2
0.21 1.39 4.61 5.99 9.21
with a probability of less than 5%, means that we do not
accept the null hypothesis. In plain English, the results
3
0.58 2.37 6.25 7.82 11.35
would not due to chance and the results would be
4
1.06 3.36 7.78 9.49 13.28
significant.
5
1.61 4.35 9.24 11.07 15.09
If the calculated χ2 value is less than the 0.05 value (as in
this case), we accept the null hypothesis. Therefore, because the calculated value is less than the
figure in the table (7.82) we accept the hypothesis that the data fits a 9:3:3:1 ratio.
Do not worry about learning the formula for χ2, as it will always be given to you. You do need to
know how to do the calculation, and, in particular, how to calculate the degrees of freedom.

Remember:
A value less than the number in the table means the Null Hypothesis is accepted, a value
greater than that in the table means that the ‘results are significant at the X% level’ and the
Null Hypothesis is rejected (i.e. some other explanation must be sought).
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