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Sex-linked Traits

Genes for traits or characters  located on the sex 

chromosome is sex-linked.

Sex chromosomes are X and Y.

Female genotypes is  XX

Male genotype is XY 



Introduction

 The inheritance of a trait that is determined by a gene located on sex 

chromosome, i.e., X and Y chromosome.

 It was discovered by T. H. Morgan in 1910.

 Genes that control body characters are located on X chromosomes, 

are called as X-linked gene.

 The phenotypes controlled by X-linked genes are called X-linked 

characters and inheritance is called X-linked inheritance, e.g. 

Hemophilia, Color blindness, etc.

 Genes that control body characters are located on Y chromosomes, 

are called as Y-linked gene.

 The phenotypes controlled by Y-linked genes are called Y-linked 

characters and inheritance is called Y-linked inheritance, e.g. 

Hypertrichosis, Ichthyosis hysterix.



Introduction

 Genes that control body characters are located on X chromosome 

and Y chromosomes both, are called as XY-linked gene.

 The phenotypes controlled by XY-linked genes are called XY-linked 

characters and inheritance is called XY-linked inheritance, e.g. 

Nephritis, Xeroderma pigmentosum.

 Most of the sex-linked genes follow the criss-cross Inheritance or zig-

zag pattern.

 Criss-cross inheritance is the inheritance of a character from the 

father to his grandson through his daughter.



Color Vision Deficiency (CVD) or Color Blindness

 Wilson in 1911 reported color blindness as sex-linked phenotypes.

 Color blind individual cannot distinguish between red and green color.

 Red blindness is called protonopia and green blindness is called 
deutronopia.

 Color blindness is a recessive character caused by gene cc located on 
X chromosome.

 Normal person contain genes AA or Aa or A alone (Male & Female).

 Since it is X-linked, male possess only one gene, i.e., male is 
hemizygote for color blindness.

 Daughter carrying one recessive gene for color blindness is called 
carrier.

 It is never transmitted to son from father. It follows criss-cross 
inheritance.

X-linked inheritance



Color Vision Deficiency (CVD) or Color Blindness

 Color vision deficiency gene is X-linked and recessive. 

X-linked inheritance

Genotype Phenotype

XAXA Female with normal vision

XAXa Carrier female with normal vision

XaXa Color blind female

XAY Male with normal vision

XaY Color blind male

A – Normal Vision; a – Color blind

Five possible genotypes of color vision deficiency (CVD)



Color Vision Deficiency (CVD) or Color Blindness



Hemophilia

 It was reported by John Conrad Otto in 1803.

 It is known as Bleeder’s disease due to delayed blood clotting.

 It is also called as ‘royal disease’ because Queen Victoria was first 
reported to transmit this disease to her descendants. 

 Delayed clotting is because of the absence of antihemophilic globulin.

 In normal healthy individual, blood clots in 2 – 8 min but in hemophiliac 
individual, it is delayed for 20 min to 24 h resulting in continuous 
bleeding from the wound.

 It is a sex-linked recessive character caused by recessive gene 
represented as hh and normal condition is due to dominant gene H. 

 It is also X-linked and therefore male is hemizygote follows criss-cross 
inheritance.

X-linked inheritance



Hemophilia



Female carriers

In a sex-linked trait like hemophilia, females are carriers, and males 

have the phenotype more often.



Y-linked inheritance

 Genes that control body characters are located on Y chromosomes, 

are called as Y-linked gene.

 The Y-linked genes are confined to males only, hence they called as 

Holandric genes.

 Their mode of inheritance is called Y-linked inheritance.

 The transmission of characters is directly from father to the son, e.g. 

hypertrichosis, Ichthyosis hysterix, etc.



Y-linked inheritance



XY-linked inheritance

 Genes that control body characters are located on X and Y 

chromosomes both, are called as XY-linked gene.

 These homologous region on X and Y chromosomes are called 

pseudoautosomal regions (PARs). There are two pseudoautosomal

regions; PAR1 and PAR2.  

 Their mode of inheritance is called XY-linked inheritance.

 XY-linked genes located on PARs follow autosomal inheritance.

 Examples of XY-linked inheritance are Xeroderma pigmentosum, 

Nephritis, Retinitis pigmentosa, etc.

Sex-linked genes are located on non-homologous regions of both the chromosomes 
and follow sex-linked inheritance



Incompletely Sex-linked inheritance

 The genes located on homologous regions of X and Y chromosomes 

which are homologous to autosomes, have little sex-specific 

influence.

 Since these regions cross over, they are not inherited together.

 Due to wide location of the genes, the incomplete linkage takes 

place.

 So these genes are called incompletely sex-linked genes and their 

mode of inheritance is called incompletely sex-linked inheritance.

 Examples are Retinitis pigmentosa, Nephritis, etc.
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Mitochondrial Inheritance

 It is also called as maternal inheritance, because only mothers pass 

mitochondria on to their children.

 A father can never pass on a mitochondrial gene, because sperm is devoid 

of mitochondria.

 If a mother is affected due to mitochondrial genes, all her children will be 

affected, regardless of whether they are male or female.

 Examples include Diabetes mellitus and deafness.
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Practice Questions

1. If red eye male fruit fly Drosophila (XRY) crosses with white-eyed 

female fruit fly  XrXr), then what will be genotypes and phenotypic 

ratio of their offspring?

2. A female Drosophila of unknown genotype was crossed with a 

white-eyed male fly of genotype  (XrY). Half of the male and half of 

the female offspring were red-eyed, and half of the male and half of 

the female offspring were white eyed. What was the genotype of 

the female fly?

a. XRY b. XRXR

C.      XrY d. XRXr

3. Hemophilia in humans is due to an X-chromosome mutation. What 

will be the results of mating between a normal (non-carrier) female 

and a hemophiliac male?



There is no 
substitute for hard 
work.


