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Abstract 

 

Four copies of the human deleted in azoospermia (DAZ) gene are located on the human Y 

chromosome, each containing one or more copies of an RNA Recognition motive (RRM) followed by a 

stretch of DAZ repeats that can vary in copy number and in signature. It has been suggested that 

these intragenic variations within DAZ can affect semen quality and thus could underlie the variation in 

spermatogenic phenotype in men who lack two copies of DAZ, the so called partial AZFc deletions. In 

the current study we set out to determine the intragenic variation of DAZ in 47 different Y haplotypes 

and in 50 men that carried partial AZFc deletions (38 gr/gr deletions and 12 b2/b3 deletions). We 

found that the DAZ Y repeat is the most variable structural element of DAZ, varying between zero and 

fourteen copies with a mutation rate of one in every 897 father-to-son transmissions of a Y 

chromosome. There was also considerable structural variation in the DAZ F(EX)n repeat, but limited 

variation of other DAZ repeats and the number of RNA recognition motives (RRMs). Although there 

were differences in DAZ repeat signatures between gr/gr and b2/b3 deleted chromosomes, there was 

no correlation between a specific DAZ repeat signature and a spermatogenic phenotype. Based on 

the high mutation rates of DAZ and the absence of a correlation with sperm counts in men with partial 

AZFc deletions, we conclude that intragenic variations of DAZ have limited functional consequences. 

Therefore, other genetic and/or environmental factors probably determine whether spermatogenic 

failure will occur in men with partial AZFc deletions or not. 



Intragenic repeat variation in the DAZ genes 
 

33 

Introduction 

 

In the Western world, 1 in 8 couples does not conceive within one year of unprotected intercourse (de 

Kretser et al. 1997). Of the couples that subsequently seek medical assistance for conception, the 

male partner is diagnosed in up to 55% of the cases with spermatogenic failure (De Kretser and Baker 

1999). Spermatogenic failure is currently defined as the presence of at least one semen parameter 

falling below the WHO cut-off criteria for normozoospermia (World Health Organization, 1999).  

The best known molecular causes of spermatogenic failure are interstitial deletions of the 

human Y chromosome (Noordam and Repping 2005). The region most frequently deleted is the 

azoospermia factor c (AZFc) region, a region which spans 3.5 megabases and is located on the long 

arm of the chromosome (Kuroda Kawaguchi et al. 2001). Men carrying Y chromosomes with an AZFc 

deletion (also known as a b2/b4 deletion) always have severe oligozoospermia, i.e. a sperm 

concentration below 5x106/ml, or azoospermia, i.e. a complete absence of sperm in the ejaculate. In 

addition to the deletion of the entire AZFc region, three recurrent partial deletions of the AZFc region 

have been described, namely the b1/b3, b2/b3 and gr/gr deletion (Fernandes et al., 2002; Repping et 

al., 2003; Fernandes et al., 2004; Repping et al., 2004). The gr/gr deletion is a risk factor for 

spermatogenic failure, while the b1/b3 and b2/b3 deletions have no effect on spermatogenesis 

(Kuroda-Kawaguchi et al., 2001; Repping et al., 2003; Visser et al., 2009).  

The best studied gene in the AZFc region is deleted in azoospermia (DAZ), which is essential for 

spermatogenesis(Reijo et al., 1995; Slee et al., 1999). The majority of human Y chromosomes contain 

four DAZ genes that are arranged in two clusters, with two DAZ genes each, located in a head to head 

orientation (Saxena et al 2000, Repping et al., 2006). All partial AZFc deletions remove two of the four 

copies of the DAZ genes. All DAZ genes contain one or more copies of an RNA Recognition motive 

(RRM) followed by a stretch of DAZ repeats that can vary in copy number and in their signature. 

These signatures are characterized by single nucleotide variants that distinguish nine different DAZ 

repeats from each other: DAZ repeat A, B, C, D, E, F, X, Y and Z (Reijo et al., 1995; Yen et al., 1997) 

(Fig. 1). Orginally, these DAZ repeat signatures were used to haplotype Y chromosomes by means of 

Southern blot analysis via the detection of various bands which represent distinct combinations of DAZ 

repeats (Lucotte and Ngo, 1985) (Table 1).  

 

 
Figure 1.  Schematic representation of a DAZ gene. A DAZ gene is build up by RNA recognition motifs (RRM) and DAZ 
repeats. A LINE element sub seeds the DAZ Y and Z repeats from the other DAZ repeats. Intragenic repeat variation can occur 
via deletions, duplications and point mutations all of which are illustrated in the figure. 
 



Chapter three 
 

34 

Although it has been shown that intragenic repeat variation of the DAZ genes does exist, the extent of 

this variation in the world population has not been studied systematically (Lin et al., 2005; Huang et 

al., 2008). Intragenic repeat variation can easily occur in the DAZ genes via Y-Y gene conversions, 

inter-chromatid recombinations and gr/rg inversions (Rozen et al., 2003). Within AZFc, DAZ is the only 

gene that contains intragenic repeats and is likely to undergo recombination resulting in intragenic 

variability (Skaletsky et al. 2003). 

  

Table 1. TaqI restriction fragments, size and their corresponding DAZ repeats 

DAZ repeat  Size (kB) Band signature 
F(EX)5 19.6 A4 
F(EX)4 17.3 A3 
F(EX)3 14.8 A2 
F(EX)2 11 A1 
F(EX)1 10 B 
EXEF   7.9 C 
FE   7.1 D 
Z (without DAZ Y repeat in front in sequence)   5 F 
DE   4.8 G 
Z (with DAZ Y repeat in front in sequence)   4 H 
AC   3.1 I 
CD   2.1 M 
B   1.9 O 
C   1.3 Q 
Y   0.97 R 
Note: a specific band name does not stand for an identical DAZ repeat signature (e.g. band ‘C’ does not stand for DAZ ‘C’ 
repeat but rather for DAZ EXEF repeat).  
 

 

We and others have previously hypothesized that this intragenic repeat variation of DAZ may 

explain observed differences in semen quality between men with identical gr/gr deletions as well as 

differences in semen quality between men with gr/gr deletions and men with b2/b3 deletions (Repping 

et al. 2004, Lin et al. 2005).  

In the current study we first aimed to systematically catalogue the intragenic repeat variation 

of the DAZ genes using 47 chromosomes from distinct branches of the Y chromosome genealogical 

tree. Next, we determined the intragenic repeat variation of the DAZ genes in men with partial AZFc 

deletions and searched for an association between intragenic-repeat variation in DAZ and 

spermatogenic phenotype. 
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Materials and Methods: 

 

Y-diversity samples 

In this study, we included 47 DNA samples representing distinct branches from the Y-chromosome 

genealogical tree. Three samples contained partial AZFc deletions and five contained (partial) AZFc 

duplications (Figure 2À, B, C) (Repping et al. 2006). 

 

 

Samples with partial AZFc deletions  

We included DNA samples from 50 men carrying Y-chromosomes with a gr/gr (n=38) or a b2/b3 

deletion (n=12). Samples with secondary duplications leading to more than two DAZ copies were 

excluded from the analysis since duplications leading to four DAZ copies have recently been 

demonstrated to restore semen quality to normal levels (Noordam et al. 2011). All samples were 

collected either at the Center for Reproductive Medicine of the Academic Medical Center in 

Amsterdam, the Netherlands (n=26), or at the Whitehead Institute in Cambridge, USA (n=24). All men 

provided written informed consent and the study was approved by the local ethics committees.  

Semen analyses were performed in all men. Based upon the results of these analyses we 

categorized men as azoospermic, oligozoospermic (semen concentration >0 and < 20x106/ml) or 

normozoospermic (semen concentration >20x106/ml). 

From each patient, DNA was isolated from lymphocytes of venous blood or lymphoblast cell 

lines using a salting out procedure (Miller et al., 1988). Agarose plugs containing 10 µg of DNA for low 

pulsed field gel electrophoresis (PFGE) were generated from lymphocytes or cell lines according to 

manufacturer’s protocol (Bio-Rad laboratories).  

 

 

Southern hybridization probes generation and labelling 

For the determination of the number of RRMs, the signature of the DAZ repeats and the number of the 

DAZ Y-repeats we generated three different probes: probe sY581, p49f and DAZ-Y. Probes sY581 

and p49f were generated as previously described (Saxena et al. 2000, Ngo et al. 1986). Probe DAZ-Y 

was generated by PCR using a 1kB region 5’ of the LINE insert which is present in all DAZ genes. The 

PCR conditions to generate the DAZ-Y probe were: 15 minutes at 95 °C, followed by 50 cycles of 1 

minute at 95 °C, 20 seconds at 58 °C and 1.5 minute s at 72 °C, and finally 5 minutes at 72 °C, 

followed by a cool down to 10 °C. The PCR mix consi sted of 150 µM dNTPs, 1µM primerset, PCR 

Buffer (1.5 mM MgCl2, 50 mM KCl, 10 mM Tris-HCl, 0.1% Triton-X, pH=8.8), 0.1 µl Taq polymerase (5 

u/µl) and 1 µl genomic DNA (50 ng/µl). The total volume was 25 µl. The primerset was as follows: FW: 

ATGAAGCTACCCCACCCTCT RV: ATCACACCACTGCACTTCCA. The probes were labelled with 

dCTP-α-32P using a Megaprime labelling kit according to manufacturer’s protocol (Amersham, UK).  
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Southern blotting 

Using 60 units of the restriction enzymes DraIII, BamHI or TaqI, we digested overnight at 37 °C ( DraIII 

and BamHI) or 65 °C ( TaqI), 10 µg of DNA from agarose plugs (for DraIII and BamHI digestion) or 

from salted out DNA (for DraIII, BamHI and TaqI digestion). Next morning 10 additional units were 

added and the samples were left for an additional hour at 37 or 65 °C. DNA samples that were 

digested with TaqI were separated on a 0.5% agarose / 0.5 x TBE gel. DNA samples that were 

digested with DraIII or BamHI were separated via PFGE on a 1.5% agarose / 0.5 x TBE gel. After 

electrophoresis, the gel was depurinated in 0.25 M HCl for 20 min followed by  denaturation in 0.5 M 

NaOH/1.5 M NaCl for 40 min and transferred overnight on a Hybond XL nylon membrane (Amersham, 

Bioscience, UK) using the denaturation buffer. We used probe sY581 for the detection of RRMs, probe 

p49f2 for the detection of DAZ repeats and probe DAZ-Y for the DAZ Y repeats. 

Membranes with TaqI digested samples were hybridized with p49f2 using Church and Gilbert 

hybridisation buffer overnight at 42 ºC. Next morning these membranes were washed for 2 x 15 min in 

2x SSC, 0.1% SDS and 1 x 15 min in 0.5x SSC, 0.1% SDS at room temperature (RT). Membranes 

with DraIII digested samples were hybridized with sY581 using Church and Gilbert hybridisation buffer 

overnight at 47 ºC. Next morning these membranes were washed for 2 x 15 min in 2x SSC / 0.1% 

SDS at 52 ºC and 2 x 15 min in 0.5x SSC / 0.1% SDS at 52 ºC. Membranes with BamHI digested 

samples were hybridized with Y-repeats using Church and Gilbert hybridisation buffer overnight at 65 

ºC. Next morning these membranes were washed for 2 x 15 min in 2x SSC / 0.1% SDS at 65 ºC and 2 

x 15 min in 0.5x SSC / 0.1% SDS at 65 ºC. The membranes with hybridized probes were exposed to a 

hyperfilm (Amersham, UK) for 48 hours in a developing cassette and stored at -80 ºC.  

 

 

Determination of the number of RRMs, signature of DAZ repeats and number of DAZ Y-repeats 

The number of RRMs was determined by dividing the size of the detected RRM band by 10.8kb (the 

size of a single RRM). The signatures of the DAZ repeats were determined using the information of 

unique TaqI restriction fragment sizes (see Table 1). The number of DAZ Y repeats was determined 

by subtracting 14.5kb from the size of the detected bands and subsequently dividing the remaining 

size by 2.4kb (the size of a single DAZ Y repeat). 

 

 

Statistical analysis 

Calculation of mutation rates was performed using Sankoff's algorithm as described previously 

(Repping et al. 2006).  

 To determine whether azoospermia, oligozoospermia or normozoospermia, was correlated 

with the number of RRMs or with the DAZ F(EX)n repeats in men with gr/gr deletions and in men with 

b2/b3 deletions we used two-sided Fisher exact tests. To determine whether the number of DAZ Y 

repeats was correlated with spermatogenic phenotype in men with gr/gr deletions and in men with 

b2/b3 deletions we used a two-sided Mann-Whitney test. 



Intragenic repeat variation in the DAZ genes 
 

37 

To determine whether the numbers of RRMs or the DAZ F(EX)n repeat were different in men 

with gr/gr deletions from men with b2/b3 deletions we used two-sided Fisher exacts test. To determine 

if the number of DAZ Y repeats was different in men with gr/gr deletions from men with b2/b3 deletions 

we used a two-sided Mann-Whitney test. 

For all tests, a p-value <0.05 was considered statistically significant. Analysis was carried out 

using the statistical package SPSS for Windows 17.0. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter three 
 

38 

Results 

 

Systematic catalogue of intragenic repeat variation in DAZ 

Forty-four out of 47 chromosomes contained DAZ genes with one, two or three RRM copies, while two 

only had DAZ genes with two or three RRM copies and one only had DAZ genes with one or two 

copies of RRM (Figure 2A). These latter three chromosomes all contained partial AZFc deletions and 

were spread out over several branches of the Y chromosome genealogical tree.  

The DAZ F(EX)n repeat varied between one and five copies (Figure 2B). Most chromosomes 

contained DAZ genes with two or three different DAZ F(EX)n repeats, while some chromosomes 

contained three or more different DAZ F(EX)n repeats.  

DAZ B, C, DE, Y and Z repeats, were present in all branches of the Y chromosome 

genealogical tree while the presence of the DAZ FE repeat was limited to branch H-R2xR1a. We 

identified the absence of the DAZ AC repeat in five unrelated branches, and the presence of the DAZ 

EXEF repeat in three related (R1xR1a) branches and one unrelated branch (J2e).  

There was extensive variation in the copy number of the DAZ Y repeat, i.e. between zero and 

fourteen copies. Forty-four out of the 47 chromosomes contained DAZ genes with three distinct DAZ Y 

repeat copy numbers higher than zero copies, while three, all containing partial AZFc deletions, had 

two distinct DAZ Y repeat copy numbers higher than zero copies (Fig 2C). Taking into account the 

known generation span of the Y chromosome genealogical tree of 52,000 generations, we found a 

mutation rate of DAZ Y repeat copy number of 1.1x10-3 per Y chromosome transmission, or one 

change in DAZ repeat Y lengths every 897 father-to-son transmissions of a Y chromosome.  

 

 

Intragenic-repeat variation of DAZ in men with partial AZFc deletions 

We found that the majority of the b2/b3-deleted (10/12) and gr/gr-deleted (27/38) Y chromosomes 

contained DAZ genes with one or two copies of RRM (Table 2). 

The screen for the variability of DAZ repeats showed that the DAZ F(EX)n repeat varied in the gr/gr 

deleted chromosomes between one and four copies, and in the b2/b3 deleted samples between one 

and three copies  (Table 3) . 

The average number of identified DAZ Y repeats per Y chromosome varied between 3 and 8 

for the gr/gr deleted samples and between 3 and 7 for the b2/b3 deleted samples with medians of 5 

and 6 Y-repeats respectively (Table 4).  

The variation in the number of RRMs was not different between men with a gr/gr deletion and 

men with a b2/b3 deletion (Table 5A). The same was true for the presence of DAZ F(EX)1, F(EX)3 or 

F(EX)4 (Table 5B). In contrast, the DAZ F(EX)2 repeat was significantly more present in men with a 

b2/b3 deletion than in men with a gr/gr deletion (5/12 versus 5/38, p<0.046) (Table 5B). In addition, 

the average number of DAZ Y repeats was higher in men with a b2/b3 deletion than in men with a 

gr/gr deletion, although this difference was not statistically significant (6 versus 5.0, p=0.17) (Table 

5C). 
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Effect of intragenic-repeat variation of DAZ genes on spermatogenic phenotype 

Despite the differences observed between gr/gr and b2/b3 deleted chromosomes, we found no 

correlation between the number of RRMs, the DAZ F(EX)n repeat and the DAZ Y repeat and any 

spermatogenic phenotype in men with gr/gr deletions and in men with b2/b3 deletions (Table 2, 3, 4).  

 

Table 2. Type of RRMs identified in men carrying gr/gr or b2/b3 deletions and comparison of the numbers found in 
azoospermia and oligozoospermia versus normozoospermia 
 
Deletion type Phenotype and  

number of men 
Type of RRM present 
 

 

    1,1 1,2 2,3  
gr/gr azoo           (13) 1  8  4   
  oligo           (11) 0 7 4   
  normal        (14) 0 11 3  
p-value versus  
normozoospermia azoo 

 
0.48 0.42 0.68 

 

 oligo  1 0.66 0.66  
b2/b3 azoo             (3) 0 3  0  
  oligo             (1) 0 1  0  
  normal     (8) 0 6 2  
p-value versus  
normozoospermia azoo 

 
1 1 1 

 

 oligo  1 1 1  

 

 

Table 3. Type of DAZ F(EX)n repeat identified in men carrying gr/gr or b2/b3 deletions and comparison of the numbers 
found in azoospermia and oligozoospermia versus normozoospermia 
 
Deletion type Phenotype and 

number of men DAZ F(EX)n repeat 
 

    F(EX)1 F(EX)1 + F(EX)2 F(EX)1 + F(EX)3 F(EX)1 + F(EX)4  
gr/gr azoo  (13) 7 0 3 3  
  oligo  (11) 4 3 4 0  
  normal  (14) 5 2 6 1  
p-value versus  
normozoospermia azoo 

 
0.45 0.48 0.42 0.33 

 

 oligo  1 0.62 1 1  
b2/b3 azoo   (3) 2 0 1 0  
  oligo  (1) 0 1 0 0  
  normal  (8) 3 4 1 0  
p-value versus  
normozoospermia azoo 

 
0.55 0.24 1 1 

 

 oligo  1 1 1 1  

 

 

Table 4. Median number of average DAZ Y repeats identified in men carrying gr/gr or b2/b3 deletions and comparison 
of the numbers found in azoospermia and oligozoospermia versus normozoospermia 
 
Deletion type 
  

Phenotype and 
number of men 

Median DAZ 
Y repeat 

Range  

gr/gr azoo  (13) 5  3 - 6  
  oligo  (11) 5  3 - 8  
  normal  (14) 5 3 - 8  
p-value versus  
normozoospermia azoo 

 
0.94  

 

 oligo  0.73   
b2/b3 azoo   (3) 6  4 - 6  
  oligo  (1) 7    
  normal  (8) 5 3 - 6  
p-value versus  
normozoospermia azoo 

 
0.92  

 

 oligo  0.22   

 

 



Chapter three 
 

40 

Table 5. Comparison of identified variations of (A) RRM, (B) DAZ F(EX)n repeat and (C) the median of the (average) 
DAZ repeat Y of gr/gr deletions versus b2/b3 deletions 
 
A 

   RRM   
  1,1 1,2 2,3  

number present in gr/gr deletion 1 26 11  
number present in b2/b3 deletion 0 10 2  
p-value gr/gr versus b2/b3 deletions 1 0.47 0.48  

 

 

B 
  DAZ F(EX)n repeat   
  F(EX)1 F(EX)1 + F(EX)2 F(EX)1 + F(EX)3 F(EX)1 + F(EX)4  
number present in gr/gr deletion 16 5 13 4  
number present in b2/b3 deletion 5 5 2 0  
p-value gr/gr versus b2/b3 deletions 1 0.046 0.30 0.56  
 
 
 
C 
 DAZ Y repeat Range  
median present in gr/gr deletion 5 3 - 8  
median present in b2/b3 deletion 6 3 - 7  
p-value gr/gr versus b2/b3 deletions 0.17  

 

A 
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B 
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C 

 
Figure 2. Presence of specific RRM fragments (A), DAZ repeats (B) and number of DAZ Y repeats (C) in the 47 branches of the 
Y chromosomal haplotype tree. a samples carrying partial AZFc deletions, b samples carrying (partial) AZFc duplications. 
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Discussion  

 

Our systematic catalogue of intragenic repeat variation in DAZ of 47 different Y chromosomes 

revealed no variation in DAZ B, C, CD, DE, and Z repeats, limited variation in the RRM region, limited 

variation in the DAZ AC, FE, EXEF repeats, but extensive variation in the DAZ F(EX)n repeat and in 

the copy number of the DAZ Y repeat. Of the latter two, the most variable repeat was the DAZ Y 

repeat for which we observed a minimum mutation rate of one in every 897 father-to-son 

transmissions of a Y chromosome. We found that the DAZ F(EX)2 repeat complex was significantly 

more present in men with a b2/b3 deletion than in men with a gr/gr deletion. Men with a b2/b3 deletion 

also had a higher number of DAZ Y repeats than men with a gr/gr deletion, albeit not statistically 

significant. We did not find any difference in the variation of the number of RRMs, DAZ F(EX)1, F(EX)3 

and F(EX)4 repeat complex between men with a gr/gr deletion and men with a b2/b3 deletion. None of 

the observed intragenic variations of RRM, the DAZ F(EX)n repeat and the DAZ Y repeat were 

correlated with any spermatogenic phenoptype in men with a gr/gr or a b2/b3 deletion.  

An important strength of our study is that we were able to study 47 chromosomes from distinct 

branches of the Y chromosome genealogical tree. This allowed for the detection of more structural 

variants of DAZ than other studies that had samples from only a few branches of the genealogical tree 

(Lucotte et al., 1985; Lin et al., 2005). A limitation of our study is that our analysis was not able to 

identify all potential polymorphisms of the DAZ repeats and thus some polymorphisms might have 

remained undetected. In addition, we were also unable to determine the precise makeup of each 

complete DAZ gene, i.e. the precise combination of RRMs and DAZ repeats within one specific DAZ 

gene. This would require the analysis of fragments larger than 100 kb, which is currently technically 

unfeasible. Therefore, we cannot exclude the possibility that certain combinations of DAZ repeats and 

RRM repeats affect semen quality.    

 The limited variation in the RRM region and the extensive variation in the number of DAZ Y 

repeats are in line with previously published results, although we did not detect DAZ genes that 

contain four RRMs (Lin et al. 2005). The mutation rate that we determined for the DAZ Y repeat is 

nearly three times higher than the mutation rate of a multicopy gene which is located on the short arm 

of the Y chromosome, namely TSPY (Repping et al., 2006; Nickkholgh et al., 2010). Another example 

of the polymorphic nature of the DAZ repeat is the presence of the DAZ AC repeat in five unrelated 

branches. Similarly, the DAZ EXEF repeat also occurred in four branches of which two  were 

unrelated. These data together suggest a high mutation rate within the DAZ repeats. 

If the intragenic variability in DAZ cannot explain the differences in spermatogenic phenotype 

between men with identical partial AZFc deletions, what other explanation might there be? Intragenic 

variation in one of the other genes in the AZFc region could be an explanation, but sequence variation 

in BPY2 and CDY1 seems limited (Kuroda Kawaguchi et al. 2001). Variation in gene copy number of 

the latter two genes can also not explain the different spermatogenic phenotypes as such copy 

number variation is not observed in men with partial AZFc deletions. Alternatively, other – yet to be 

identified – genetic elements in the AZFc region  could be the causal factor. In this light it is interesting 

to note that recent experiments in Drosophila have indicated that variability in apparently non-coding 
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Y-sequence can affect the expression of hundreds of autosomal genes (Lemos et al. 2008). Finally, a 

variable contribution of one or more additional genetic or environmental risk factors could result in low 

semen quality in men with partial AZFc deletions. Given the enormous number of genes expressed in 

the human testis, the assumption that the spermatogenic phenotype would be the cumulative result of 

multiple risk factors is plausible.  

 In conclusion, we found extensive intragenic repeat variation in the DAZ genes, especially in 

the DAZ F(EX)n repeats and the DAZ Y repeat. This variation did not correlate with the spermatogenic 

phenotype in men with partial AZFc deletions. Future research should attempt to elucidate whether 

other genetic and/or environmental factors determine spermatogenic failure in men with partial AZFc 

deletions . 
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