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You should remember from Chapter 7 that humans have 46

chromosomes that can be arranged into 23 pairs. The first 22

homologous pairs of chromosomes are referred to as autosomes.

The last pair of chromosomes are the sex chromosomes. Females cell in cellin
have two X chromosomes that look alike. Males have one X @ testis ovary

chromosome and one much shorter Y chromosome. of of
male female

The diagram shows how sex is inherited.
All the female’s eggs contain an X chromosome.
Half the male’s sperm contain an X chromosome and the

other half contain a Y chromosome.

At fertilisation, an egg may fuse with either an X sperm or a Y sperm. @

So there is an equal chance of the child being a boy or a girl.
So it seems that the presence of a male determining allele present
on the Y sex chromosome confers maleness.
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Linkage occurs when genes are located on the same chromosome.
Sex linkage occurs when genes are carried on the sex chromosomes.
These genes may have nothing to do with sex determination;

they just happen to be carried on the X or Y chromosomes.

A'Y chromosome is a bit like an X chromosome . .
. . parents  normal-sighted female x colour-blind male
with a bit missing.
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As the Y chromosome is smaller, it carries fewer alleles.
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This part is missing from the Y chromosome

The allele for colour vision is carried on the part of the ——— @ @
X chromosome that is missing from the Y chromosome. gamy

T_h_is means that a male will only have one allele for colour @ WOy o,
vision.

There is a defective, recessive allele of the colour vision gene @ .. =
which can lead to colour blindness, particularly of red and XX XY
green light. ‘ Fy ratio: 1 female carrier :
Let C = the allele for normal colour vision 1 normal-sighted male

and ¢ = the allele for colour-blindness.
What happens if we cross a normal-sighted
female with a colour-blind male?

Female with two alleles for colour vision XX

parents carrier female x normal-sighted male
CyC C
. . XX XY
Male with one allele for colour vision XY meiosis / \ / \ meiosis

All the offspring are normal-sighted. The females have the @ @ @ @

allele for colour-blindness on one of their X chromosomes. l l
We say that they are carriers. They have the colour-blind

allele but do not show it in their phenotype. gametes> @ @
Now let’s cross a normal-sighted male with a carrier female. '

. _ . . @ X% 0 Xy
There is a 1 in 4 chance that the carrier female will pass on
the colour-blind allele to one of her children and it will N @ XoxC | xCy
always be a boy.

F4 ratio: 1 normal-sighted female : 1 carrier female :
1 normal-sighted male : 1 colour-blind male
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Haemophilia is a sex-linked disease, caused by a recessive

allele on the X chromosome.

The gene that codes for Factor VIII, an important protein involved in
blood clotting, is a sex-linked gene found on the X chromosome.

A defective, recessive allele of the gene can lead to haemophilia.
Haemophiliacs are unable to make Factor VIII and can lose a lot of
blood from even small injuries or bruises.

In the past this meant that most sufferers died in childhood, but now
it can be treated by regular injections of Factor VIIL.

Here is a cross between a normal male and a carrier female.
Can you see that the male only has to have one recessive allele
to get haemophilia?

This is because its effect cannot be masked by a dominant,
normal allele on the Y chromosome.

Haemophiliac females occur very rarely.
Why do you think that the onset of menstruation at puberty
can often prove fatal for female haemophiliacs?

> Pedigree analysis

Pedigree diagrams can be used to show how a condition such as
haemophilia has been passed on from generation to generation.
They are like a family tree showing information that can be looked
up in medical records.

The females are shown as circles and the males as squares.

A solid or coloured symbol is used to highlight the condition.

Here is a pedigree diagram showing the inheritance of albinism
through four generations.

Other single gene conditions that can be illustrated
using pedigree diagrams are thalassaemia, cystic fibrosis
and Huntington’s chorea.

The inheritance of haemophilia in the British
royal family can be traced from Queen Victoria,

H = normal allele and h = haemophiliac allele
parents normal male x carrier female
Xy
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F, ratio: 1 normal female :
1 carrier female : 1 normal male :
1 haemophiliac male
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who was a carrier. Look at the pedigree diagram.

How many of Queen Victoria’s children were
haemophiliac and how many were carriers?

How many of her granddaughters were carriers? o iser |
Iineim
How many of her great-grandsons were
T o
haemophiliacs? Duke
Windsor

Explain why the allele for haemophilia has not
been passed on to the present day royal family.
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The transmission of haemophilia from Queen Victoria
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