
 
 

Molecular genetics of male 
infertility 

new concepts on Y-chromosome 



Sex Chromosomes 
• Mammals use a chromosomal 

method of determining sex: XX is 
female and XY is male. 

• Birds use a ZW system: ZZ is male 
and ZW is female. 
– the evolutionary origin of 

mammalian and bird sex 
chromosomes is different 

• Some reptiles use developmental 
temperature to determine sex: 
depends on the species, but hot is 
male and cold is female in some. 

• Drosophila also use an X-Y system 
(i.e. male is XY and female is XX), 
but the evolutionary origin and 
mode of action of Drosophila sex 
chromosomes is different form 
mammalian. 



X and Y Homology 
• The X is a large submetacentric 

chromosome with many genes on it, 
most of which are unrelated to sex. 
 

• The Y is acrocentric and much smaller.  
Only 83 active genes on the Y, most of 
which are related to sex determination 
and spermatogenesis. 
 

• However, many homologues exist 
between the X and the Y, with the Y 
gene often a pseudogene.  This suggests 
a common evolutionary origin. 
 

• The tips of the X and Y pair in meiosis, 
and undergo crossing over.   
 
– These regions are called the 

pseudoautosomal regions., PAR1 and 
PAR2. 

– a crossover in PAR1 is necessary in 
male meiosis to get proper 
segregation of the chromosomes.  



Infertility 

• Approx. 50% of infertility is female orginated 

 

• 35% is male originated 

 

• 15%  is unexplained 

 

 

 



Male factor infertility 

• Anatomic defects ( hypospadias, 
retrograde ejac. ) 

• Genetic causes 
• Trauma 
• Infection 
• Endocrine disorders 
• Varicocele 
• Idiopatic 
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http://med-max.blogspot.com/2010/12/male-infertility-insight.html
http://www.ivf-clinic-india.com/Female-infertility.php
http://morefertile.com/introduction-to-causes-of-infertility/
http://www.nordfertility.com/en/articles/causes-of-male-infertility


Male Infertility 

 Infertile males with oligospermia or 
azoospermia (n = 9766) 
 Oligospermia: less than 20million/ml 

 Azoospermia: alive or not no sperm at all 
 

 5.8% incidence of chromosomal 
abnormalities 
 4.2% sex chromosome 
 1.5% autosome 

 

 Baseline fertile males: 0.5% 

Johnson, Fertil Steril 1998 



Karyotypic Abnormalities 

• Frequency is inversely 
proportional to sperm 
concentration 

 

• Most common anomaly is 
Klinefelter syndrome 
– atrophic hyalinized testes 

depleted of germ cells 
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Male Infertility 

• Cytogenetic surveys of 
oligospermic and 
azoospermic males 
 
– oligo-: 4.6 % with 

cytogenetic 
abnormalities 
• 1.6 % sex chromosomal 
• 3.0 % autosomal 

 
– azoo-: 13.7 % with 

cytogenetic 
abnormalities 
• 12.6 % sex chromosomal 
• 1.1 % autosomal 
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DNA damage in sperm 

• N=66 

• Ages 20-57 

• Gradual increased in DNA damage  
– Most pronounced after age 35 

• ?Apoptosis decreases with age? 

 

Singh et al. Fertil Steril 2003 



Four genetic factor for male infertility 

1. Y-chromosome microdeletions ( 7-10%) 

2. Cystic fibrosis gen mutation that couses 
congenital vas deferens agenesis (1-2%) 

3. Chromosomal aberations ( 1 in 500) 

4. Genetic factors that effects the sperm 
functions 



Chromosome Nomenclature: 47, XXY, 48, XXXY,      
      48,XXYY, 49, 
XXXXY,      50, XXXXXY 

Chromosome formula: 2n+1; 2n+2; 2n+2; 2n+3; 
2n+4 

Clinical Syndrome: Klinefelter 

Estimated Frequency Birth: 1/500 male borth 

Main Phenotypic Characteristics: 

  Pitched voice, Male, subfertile with small 
testes, developed breasts, feminine, long 
limbs.  

 

Chomosomal aberations 



SRY gene=  
Testis Determining gene   

 
• The SRY gene on the Y chromosome is the 

master gene for male sex determination 
 
– Triggers formation of testes, which produce the 

male sex hormone (testosterone) 
 

– Without testosterone, ovaries develop and produce 
female sex hormones (estrogens) 
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Microdeletions 

• Yq11 microdeletions 

 

– 10-15% azo- / severely 
oligozoospermic men 

– AZF =azoospermia factor 

– AZFa to AZFc in the Yq11.21-
23 region  

– To small to be detected by 
karyotyping 

– Can be detected by PCR 

Brandell et al. Hum Repro 1998 
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Microdeletions 

• N=5000 infertile males 
screened for Y-
chromosome mutations 
in the AZF region 
 
– 8.2% infertile males 
– 0.4% fertile males 

 
 
 

Foresta et al. Endo Rev 2001 
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• In 1996 Vogt  et al., 
defined 3 region. 
 

•  These are  AZFa, AZFb 
ve AZFc. Later on AZFd 
has been included into 
this group 
 

• 14 protein coding gene is 
localized at AZFa, AZFb ve 
AZFc 

Microdeletions 



Microdeletions  



Microdeletion vs phenotype 

Sertoli-cell-only (SCO) syndrome, also called 
germ cell aplasia, describes a condition of the 
testes in which only Sertoli cells line the 
seminiferous tubules.  



Relative frequency of specific 
AZF deletions in men 



DAZ (Deleted in azoospermia) gen  

• Shown in azospermic men 

• 4 copy gene ( DAZ1/DAZ2 ve 

DAZ3/DAZ4) 

 


