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Sex Determination 
 

The sex of an individual is determined by two sex chromosomes. 
 
Males have an X and a Y chromosome (XY). 
Females have two X chromosomes (XX). 
 
When a female (XX) produces gametes, the egg always contains 
an X chromosome. Males (XY) produce sperm cells with either an 
X or a Y chromosome.  
 

The sex of an individual is determined by which 
sperm fertilises the egg. If a sperm cell carrying a 
Y chromosome fertilises the egg, the child will be 
male (XY). If a sperm cell carrying an X 
chromosome fertilises the egg, the child will be 
female (XX). 

 
The probability of having a boy or a girl is always 
50%. Previous offspring have no bearing on the  
likelihood of the 
next offspring 
being male or 
female. Each 
fertilisation is an 
independent event 
and involves a new 
set of gametes.  

 
 
 
 

Sex Linkage 
 

Sex linked traits are determined by genes found on the sex chromosomes (X or Y). Genes 
found on the sex chromosomes do not always show a normal pattern of inheritance. 
 
Y-Linked - alleles found on the Y-chromosomes are only expressed in males. 
 
X-linked (recessive) - alleles found on the X chromosome. In females both X chromosomes 
must carry the recessive allele before the condition is expressed. Because males only have 
one X chromosome, they always express the characteristic even if they only inherit one copy 
of the allele because it effectively has nothing to be recessive to. 
 
For instance haemophilia (a blood clotting disorder) is 
caused by a recessive allele on the X-chromosome (Xa). 
 
Xa Xa  =   Female with haemophilia 

XA Xa  =   Carrier 

XA XA  =   Normal Female 

Xay   =   Male with haemophilia 

XAy  =   Normal Male  

 
Males are far more likely to inherit haemophilia because they only need to inherit one copy 
of the Xa allele in order to be affected. 

 

 XA Xa 

Xa XAXa XaXa 

y XAy Xay 

 
Dominant traits found on the X-chromosome essentially show a normal pattern of 

inheritance, with the exception that males can only pass on the condition to their daughters. 

Pedigrees 
 

A pedigree chart is essentially a family tree. It tells us how family 
members are related and whether or not they have a particular trait 
that is of interest. Pedigrees are often used to trace genetics 
disorders through a family tree and determine the potential risk for 
future offspring. 
 
Pedigree Basics: 
 

 Males are represented by squares and females by circles. 

 Affected individuals (those with a disease or characteristic of interest) are shaded 

 Successive generations are drawn on separate rows 

 
Solving Pedigree Questions: 

 
Step 1: Dominant or Recessive? 
 

For a pedigree to be of any use, we must first decide if the condition is dominant or 
recessive. To determine this we will need to find an individual who is different from both of 
their parents. This is only possible when both parents are carriers (heterozygous - Aa). If 
their child inherits both of the hidden recessive alleles they will have a different phenotype 
from their parents. This can be used to determine if the trait being investigated is dominant 
or recessive. 
 

Dominant Condition:                               Recessive Condition: 

 
                                    Aa      Aa                                                        Aa      Aa 

 
                                        aa                                                          aa 
 
Step 2: Label Individuals A_ or aa 
 

If the condition is dominant then we know affected individuals must be either AA or Aa so we 
can simply label them A_ for now. Unaffected individuals must be aa and can be labelled 
accordingly. 
 

If the condition being investigated is recessive than affected individuals must be aa. All the 
unaffected individuals must have at least one dominant allele so we can label them A_ 
 
Step 3: Fill in the gaps 
 

We can now determine the genotype of some A_ individuals by looking at their parents and 
children. For instance, If any of their parents or children are homozygous recessive (aa) they 
must have inherited / passed on a recessive (a) allele and are therefore heterozygous (Aa). If 
all of the offspring have the dominant trait they are most likely homozygous dominant (AA). 
Note that the genotype of some individuals cannot always be fully determined. 

 
Dihybrid Pedigrees 
 
A pedigree can be used to show two different 
traits at the same time. This pedigree (taken 
from a past exam) shows the inheritance of 
coat colour in pygmy goats. The agouti 
colouration is a mixture of white and coloured 
hairs. The agouti (A) pattern is dominant to 
full colour (a). Some goats also have ‘frosting’, 
white hairs on the tips of their ears. Frosting 
(F) is dominant to non-frosting (f). 
 
Although the pedigree may seem more 
complicated the same rules apply. You can 
deal with each trait separately as you would 
with a monohybrid (single trait) pedigree.  
 
For instance individual B has the agouti 
pattern (dominant trait). Therefore they must 
have at least one dominant (A) allele. They 
must also have the recessive (a) allele because 
they have a child (individual F) with full colour 
(aa). Thus we have determined individual B is 
heterozygous (Aa) for the first trait. Individual 
B does not have the ‘frosting’ so they must be 
homozygous recessive (ff) for the second trait. 

The full genotype of individual B is Aaff. 

In this cross between an affected male 
(Xay) and a carrier female (XAXa) half of the 
offspring will have haemophilia. 
 
Note that a female with haemophilia must 
always have an affected father. 
 
 
 
 

Example  -  What is the genotype of the granddaughter? 

 
Step 1: The condition must be recessive as the two grandparents in the 
first generation are not affected but have an affected daughter. They 
must be carriers (Aa) and their daughter is homozygous recessive (aa). 
 

Step 2: Therefore all unaffected individuals must have at least one 
dominant allele (they can be labelled A_). Thus the granddaughter is 
either homozygous dominant (AA) or heterozygous (Aa) 
 

Step 3: The granddaughter must be heterozygous (Aa). Her mother is 
homozygous recessive (aa) because she is affected and must have 
passed one of these recessive alleles onto her daughter. 
 
When explaining how you determined the genotype of an individual 
make sure you explain how you determined both alleles! 
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Family Ties 

Dihybrid Test Cross  
 

To determine the genotype of an individual you would carry out a test cross - mate the unknown individual with a 
homozygous recessive individual. If you are investigating two traits (Dihybrid inheritance) you can deal with each 
trait separately as you would with a single trait (monohybrid) test cross. For instance if you were asked how to 
determine the genotype of an agouti and frosted goat (A_F_) you could mate it with a full coloured goat (aa) to 
determine the genotype of the first trait (ignoring whether or not it is frosted). You would then mate the unknown 
individual with a non-frosted goat (ff) to determine the genotype of the second trait.  
 
 
 


