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Sex-Linked Traits Introduction

Background Information:

Sex-linked traits are those whose genes are found on the X chromosome but not on the Y chromosome. The inheritance of sex chromosomes (X and Y) determine human biological gender.  Males typically inherit an X chromosomes from mom and a Y chromosome from dad; females typically inherit and X chromosome from both parents. In humans the X chromosomes are much larger than the Y chromosome and contains thousands of more genes than the Y chromosome.  The Y chromosome contains different genes from the X chromosome; so, females inherit a homologous pair of sex chromosomes and males do not. For each of the genes that are exclusively on the X chromosome, females (who are XX) would have two alleles – just like the inheritance patterns for genes that are autosomal (genes located on non-sex chromosomes). Males (who are XY) would have only one allele for the gene.  Because of this, the inheritance pattern is different for males and females. 
Males cannot be heterozygous or homozygous for a sex-linked trait because they only inherit one copy in the zygote.  Because they only get one X chromosome, males are described as being “hemizygous” for all genes on the X chromosome and will express the phenotype determined by the genes on just that one chromosome; males cannot be heterozygous (carrier) for a sex-linked recessive condition. Females, since they inherit 2 copies of the X chromosome, will display a typical Mendelian pattern of inheritance and can be homozygous or heterozygous/carriers. 

So, when a gene on the X chromosome has two alleles, one dominant and one recessive, females who are homozygous dominant or heterozygous will always express the dominant phenotype. Males will express whichever phenotype is associated with the allele inherited on their one X chromosome. 

Because males and females have different patterns of inheritance, you may be asked to analyze the biological genders separately.  For example, when asked to analyze male child inheritance, just ignore the female info in the Punnett square and only analyze the probability out of all male child possibilities. As a result, your % answers can only be 100%, 50% or 0% when asked gender-specific probability questions about sex-linked traits.
In humans, there are two different sex-linked genes has a defective recessive allele that causes a disease. The diseases are hemophilia and red-green colorblindness. In hemophilia, the defective allele prevents the synthesis of a factor needed for blood clotting. In the colorblindness, the defective allele prevents a person from distinguishing between red and green,
Allele Key:

XN = X chromosome with normal, dominant allele 

Xn = X chromosome with recessive allele (hemophilia or colorblindness)
Y = Y chromosome

SAMPLE QUESTION:

Answer the following about inheritance of the hemophilia gene, which is a sex-linked condition:

A Normal male (XNY) and a heterozygous/carrier female (XN Xn) have offspring.  
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Now you try!
	What is the probability for them to have a child with hemophilia?   _25%_

What is the probability for them to have a female child with hemophilia? _0%_

What is the probability for them to have a child who is normal? _75%_

What is the probability for them to have a male child who is normal? _50%_




1. Write the genotypes for the following individuals. REMEMBER that there are always two chromosomes represented in a genotype


a. normal male: _____________

b. normal female (Homozygous Dominant): _____________
c. colorblind male: _____________

d. female carrier for the colorblind allele (Heterozygous): _____________
e. colorblind female: _____________
f. carrier male for the colorblind allele: TRICK QUESTION! (No carrier males for sex-linked traits)

2.  XNXN    x    XnY

	
	

	
	


a. What is the probability of the male children being colorblind? _____
b. What probability of the female children being colorblind? ______
c. What is the probability that any child from this union will be colorblind?      ______

3.  XNXn    x    XNY

	
	

	
	


a. What probability of the male children being colorblind? ______
b. What probability of the female children being colorblind? ______
4.  What is the probability that a colorblind woman who marries a man with normal 

        vision will have a colorblind child? _________
	
	

	
	


a. What are the genotypes of the parents?

_____________ X _____________
b. What is the probability that they will have a colorblind boy? _____
5.  XnXn    x    XnY

	
	

	
	


a. What is the probability that any of the male children are


     hemophiliacs? _________

b. What is the probability that any of the female children are


      hemophiliacs? _________

c. What is the probability that any of the children are 

hemophiliacs?  _________

6.  A woman who is a carrier for hemophilia marries a hemophiliac man.

	
	

	
	


a. What is the probability that any of the male children are


     hemophiliacs? _________
b. What is the probability that any of the female children are


      hemophiliacs? _________
c. What is the probability that any of the children are 

hemophiliacs?  _________

ANSWER THE FOLLOWING QUESTIONS USING YOUR KNOWLEDGE OF SEX-LINKED TRAITS.

7. What is a sex-linked trait?

8. Why must males inherit colorblindness or hemophilia from their mothers?

9. Why is colorblindness or hemophilia more common in males than in females?




















































