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Abstract 

 

The Azoospermia factor c (AZFc) region harbors multi-copy genes that are expressed in testis. 

Deletions of the AZFc region lead to reduced copy numbers of these genes. Four (partial) AZFc 

deletions have been described of which the b2/b4 and gr/gr deletion affect semen quality. In most 

studies, (partial) AZFc deletions are identified and characterized using plus/minus sequence site tag 

(STS) PCR. However, secondary duplications increase gene copy number without re-introducing the 

STS boundary marker. Consequently, the actual copy number of AZFc genes cannot be determined 

via STS PCR. In the current study, we first set out to determine by quantitative real-time PCR (qPCR) 

the actual copy number of all AZFc genes in men with (partial) AZFc deletions based on STS PCR. 

We then analyzed whether reduced gene copy numbers of each AZFc gene family was associated 

with a reduced total motile sperm count (TMC), regardless of the type of deletion. We screened 840 

men and identified 31 unrelated men with (partial) deletions of AZFc based on STS PCR. Of these 31 

men, six men (19%) had one or more secondary duplications. For all AZFc genes we found an 

association between a reduction in copy number of each individual AZFc gene and a reduced TMC. In 

gr/gr deleted men, restoration of reduced gene copy numbers restored their TMC to normal values. 

Our findings suggest that the gene content of the AZFc region has been preserved throughout 

evolution through a dosage effect of the AZFc genes on total motile sperm count safeguarding male 

fertility. 
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Introduction 

 

The azoospermia factor c (AZFc) region of the human Y chromosome has been studied intensely ever 

since deletions of this region were found to occur frequently among men with azoo- or 

oligozoospermia (Vogt et al., 1996). Currently, four recurrent (partial) deletions of the AZFc region 

have been described, namely b2/b4, gr/gr, b2/b3, and b1/3 deletions (Kuroda-Kawaguchi et al., 2001; 

Fernandes et al., 2002; Repping et al., 2003; Fernandes et al., 2004; Repping et al., 2004; Visser et 

al., 2009) (Figure 1). These deletions are all caused by homologous recombination between 

amplicons, i.e. large nearly identical repeats, which are abundantly present in the AZFc region. 

The AZFc region contains five multicopy genes which are proven or likely to, encode proteins 

namely deleted in azoosperma (DAZ), basic protein Y2 (BPY2), chromo domain on Y (CDY1), Golgi 

autoantigen, golgin subfamily a2 like Y (GOLGA2LY), and Chondroitin sulfate proteoglycan 4 like Y  

(CSPG4LY) (Reijo et al., 1995; Skaletsky et al., 2003; Caron et al., 2003). These genes are all 

expressed exclusively or predominantly in the testis and are therefore thought to play a role in 

spermatogenesis (Skaletsky et al., 2003). (partial) AZFc deletions reduce the copy number of several 

AZFc genes (Figure 1), but result in different gene copy number patterns (Table 1). Although they all 

reduce the copy number of testis-specific AZFc genes, not every deletion affects semen quality. The 

b2/b4 deletion results in azoo- or severe oligozoospermia, whereas the gr/gr deletion acts as a risk 

factor for this phenotype (Oates et al., 2002; Visser et al., 2009). Conversely, both b2/b3 and b1/b3 

deletions have not been reported to affect semen quality. 

 

Table 1. Effect of (partial) AZFc deletions on gene copy number of genes that are located within the AZFc region 

Genes Reference 
sequence 

b2/b4 
deletion 

gr/gr 
deletion 

b1/b3 
deletion 

b2/b3 
deletion 

 

BPY2 3 0 2 2 1  
DAZ 4 0 2 2 2  
CDY1 2 0 1 2 1  
CSPG4LY 2 0 1 2 1  
GOLGA2LY 2 0 1 2 1  
Total 13 0 7 8 6  

 

 

 The method used to detect and classify (partial) deletions of the AZFc region is sequence 

tagged site (STS) PCR (Repping et al., 2003; Simoni et al., 2004; Repping et al., 2004). This method 

identifies deletions by the absence of one or more boundary markers, i.e. markers that overlap unique 

boundaries between two neighboring amplicons that are present within the AZFc region (Figure 1B, 

Table 2).The absence of a specific boundary marker is interpreted as the absence of one or more 

amplicons with associated sets of genes, based on the assumed homologous recombination event 

that generated the deletion. However, a partial deletion of the AZFc region can be followed by one or 

more secondary duplication(s) of remaining amplicons that can restore gene copy number back to (or 

even above) the reference gene copy number (Repping et al., 2004). Such duplications do not re-

introduce the previously deleted boundary marker and are thus indistinguishable from deleted/non-

duplicated chromosomes by STS PCR. 
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Table 2.  Markers used to identify (partial) AZFc deletions 

Markers Reference 
sequence 

b2/b4 
deletion 

gr/gr 
deletion 

b1/b3 
deletion 

b2/b3 
deletion 

sY142 + + + + + 
sY1197 + + + - + 
sY1191 + - + - - 
sY1291 + - - - + 
sY1206 + - + + + 
sY1201 + + + + + 

 

 

Due to the variable effect of (partial) AZFc deletions on gene copy numbers and the inability 

of STS PCR to detected chromosomes with secondary duplications, we took a different approach to 

investigate the effect of (partial) AZFc deletions on total motile sperm count (TMC). Rather than 

categorizing men based on their STS pattern we determined the actual copy numbers of DAZ, BPY2, 

CDY1, CSPG4LY, and GOLGA2LY using quantitative real-time PCR (qPCR) in men carrying (partial) 

AZFc deletions as indicated by the absence and presence of STSs in a cohort of 840 men that were 

part of a subfertile couple unselected for sperm count. Next, we investigated whether the reduced 

copy number of individual AZFc genes was associated with reduced TMC. We additionally addressed 

the question whether secondary duplications after a deletion restored TMC. 

 

 
 

Figure 1. (partial) AZFc deletions. (A) Schematic representation of amplicons after an inversion of the AZFc region (ref 6). (B) 
The location of low resolution STSs and qPCR probes used in screening for partial AZFc deletions. (C) (partial) AZFc deletions 
are shown as bars: black indicates that the specific region is present, white indicates the deletion of a region and grey indicates 
regions of uncertain presence. * the b1/b3 deletion seems non-contiguous but this is due to the fact that it occurs on a non-
inverted variant of the AZFc region. 
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Materials and Methods 

 

Samples 

Our cohort consisted of 840 consecutively included male partners of subfertile couples, who 

presented at the Center for Reproductive Medicine of the Academic Medical Center from January 

2000 until July 2006 and from whom written informed consent was obtained. This cohort has been 

used in previous studies from our group (Westerveld et al., 2008a; Westerveld et al., 2008b; Visser et 

al., 2009). 

We excluded men with known causes of spermatogenic failure, namely, hyperprolactinemia, 

hypogonadotrophic hypogonadism, previous chemo- or radiotherapy, bilateral cryptorchidism, surgery 

of the vas deferens, orchitis, and bilateral orchidectomy. Men were also excluded if the fertility workup 

identified retrograde ejaculation, obstructive azoospermia, numerical or structural chromosome 

abnormalities, or an AZFa, P5/proximal-P1, P5/distal-P1 deletion or an isolated non-recurrent partial 

AZFc deletion caused by non-homologous recombination (Hucklenbroich et al., 2005). In addition we 

excluded men with primary (partial) AZFc duplications, i.e. duplications in the absence of an STS 

deletion. 

For each man, a minimum of two semen analysis were performed according to WHO 

guidelines as part of standard patient care, and retrospectively linked to each included man. Total 

motile sperm count (TMC) was calculated by multiplying semen volume with sperm concentration and 

the percentage of progressively motile spermatozoa. From each patient genomic DNA was extracted 

from a venous blood sample. The quality of the extracted DNA was tested and samples were 

excluded if either the 280:260 ratio was below 1.8 or the 260:230 ratio below 2.0. 

 

 

STS deletion screening 

All included men were screened for (partial) deletions in the AZFc region using plus/minus PCR for 

the following STS markers: sY142, sY1191, sY1197, sY1201, sY1206 and sY1291 as described 

previously (Repping et al., 2003). 

 

 

Real-time quantitative PCR 

We performed real-time quantitative PCR (qPCR) using a Universal probe system (Exicon probes, 

Roche diagnostics, Mannheim, Germany) and a primer set that amplifies a segment of the genes of 

interest to determine its copy number. Suppl. Table 1 lists the primer sets and probe combinations 

used for the three qPCR assays. The PCR conditions were 15 minutes at 95 °C, followed by 50 

cycles of 1 minute at 95 °C, 20 seconds at 55 °C an d 20 seconds at 72 °C, and finally 20 seconds at 

40 °C. The total volume for each PCR mix was 20 µl.  A PCR mix consisted of 10 µl ABsolute QPCR 
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Capillary Mix (Abgene), 1 µl primerset (10mM), 0.2 µl Universal probe, 8.8 µl genomic DNA (50 ng/µl). 

Samples were run on a Roche Lightcycler 2.0 system (Roche Diagnostics, Mannheim, Germany). 

We used as reference samples, samples with known copy number variations of the genes of 

interest on the basis of fluorescence in situ hybridization (FISH) in each experiment (Repping et al., 

2006). All reference samples were tested in duplo. All test samples were tested in single and aberrant 

results, i.e. gene copy numbers other than the reference gene copy number, were repeated in at least 

two separate experiments before conclusions regarding their aberrance were drawn. We excluded 

qPCR runs that showed an efficiency below 1.95 or above 2.05, an error rate >0.05, or a standard 

deviation >0.1 between reference replicas.  

 

 

Statistical analysis 

In all analyses we used the average of at least two semen analyses from each man. As the TMC is 

not normally distributed, we performed non parametric testing. We compared within the consecutively 

included cohort the TMC of men with the four (partial) AZFc deletions to the TMC of men without a 

deletion in the AZFc region and tested for an association between gene copy numbers of each 

individual gene and reduced TMC using a one-sided Kruskal-Wallis test and performed Mann-Whitney 

tests as post hoc testing. We also compared the TMC of men with deletions with subsequent 

duplications to the TMC of men with the reference sequence via a two-sided Kruskall-Wallis test. We 

then again performed Mann-Whitney tests as post hoc testing. To determine whether duplications 

occurred more frequent in gr/gr deleted men compared to men with other partial AZFc deletions, we 

performed a two-sided Fisher exact test. 

A p-value <0.05 was considered statistically significant. Analysis was carried out using the 

statistical package SPSS for Windows 17.0. 
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Results 

 

STS deletions 

The cohort of 840 men had a mean age of 36.5 ± 6.3 years (mean ± SD) and a median total motile 

sperm count of 49.9x106 (25th and 75th percentile, 6.0x106 - 112.3x106). Of these 840 men, 31 men 

(3.7%) had a deletion of one or more STS markers. More precisely, we identified four men with the 

absence of sY1191, sY1206 and sY1291 (b2/b4 deletions), 22 with the absence of sY1291 only (gr/gr 

deletions), four men with the absence of sY1191 only (b2/b3 deletions) and a single man with the 

absence of sY1191, sY1197 and sY1291 (b1/b3 deletion) (Table 3). 

 

Table 3.  STS results 

Deletion type Number of men 
Undeleted 809 
b2/b4 deletion 4 
gr/gr deletion 22 
b1/b3 deletion 1 
b2/b3 deletion 4 

 

 

Real-time quantitative PCR 

We performed qPCR on the 31 men with deletions of one or more STSs. The gene copy numbers of 

the men with the STS-deletions are shown in Table 4. Among the 22 men with gr/gr deletions we 

identified six men with secondary duplications (27%). In contrast, we did not find any secondary 

duplications among the nine Y chromosomes with other deletions. Although secondary duplications 

only occurred in gr/gr deleted men, the frequency of duplications in gr/gr deleted patients was not 

significantly higher than the frequency of duplications in b2/b3 and b1/b3 deleted patients (6/22 vs 

0/5, p=0.555).  

 

 

Phenotypic effect of AZFc gene copy number reduction 

Copy number reduction of DAZ, BPY2, and CDY1/CSPG4LY/GOLGA2LY  were all significantly 

associated with reduced TMC. For DAZ, men with zero and two DAZ gene copies had significant 

lower TMCs as compared to men with four DAZ gene copies, i.e. the reference copy number (Figure 

2a). For BPY2, men with zero or two, but not men with one, BPY2 gene copies had significant lower 

TMCs than men with the reference copy number of three (Figure 2b). Compared to the reference copy 

number of two for CDY1/CSPG4LY/GOLGA2LY, men with zero or one copy of these three genes had 

significant lower TMCs (Figure 2c).  
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Table 4.  Data of men with (partial) AFZc deletions  

ID TMC (x106) STS marker missing DAZ BPY2 CDY1/GOLGA2LY/CSP4GLY 
01.0181.3                                                                                                                    0 sY1191     2 1 1 
AMC0734                                                                                                                      44.5 sY1191 2 1 1 
AMC1004                                                                                                             102.06 sY1191 2 1 1 
AMC0995                                                                                        159.68 sY1191 2 1 1 
01.0213.3                                                                 0 sy1191,sY1291,sY1206      0 0 0 
01.0229.3                            0 sy1191,sY1291,sY1206 0 0 0 
AMC0366                                                                                                                            0 sy1191,sY1291,sY1206 0 0 0 
AMC0875 0 sy1191,sY1291,sY1206 0 0 0 
AMC0816                                                                                                                      85.33 sY1197,sY1191,sY1291     2 2 2 
01.0139.3                                                                                                                    0 sY1291 2 2 1 
01.0141.3                                                                                                                    0 sY1291 2 2 1 
AMC0387                                                                                                                  0 sY1291 2 2 1 
AMC0439                                                                                                  0 sY1291 2 2 1 
AMC1026                                                                                  0 sY1291 2 2 1 
AMC1064                                                                  1.16 sY1291 2 2 1 
01.9008.3                                             5.91 sY1291 2 2 1 
01.2004.3                         7.96 sY1291 2 2 1 
AMC0817       13.31 sY1291 2 2 1 
AMC0528                                                                                                                      19.61 sY1291 2 2 1 
AMC0826                                                                                                                      20.33 sY1291 2 2 1 
AMC1057                                                                                                                      21.55 sY1291 2 2 1 
AMC0524                                                                                                                      75.1 sY1291 2 2 1 
AMC0530                                                                                                                      82.35 sY1291 2 2 1 
AMC0802                                                                                                                      106.12 sY1291 2 2 1 
AMC0655                                                                                                                      106.19 sY1291 2 2 1 
AMC0785                                                                                                      0.15 sY1291 4 4 2 
AMC0569                                                                                   37.63 sY1291 4 4 2 
AMC0372                                                               58.61 sY1291 4 4 2 
AMC1016                                           86.08 sY1291 4 4 2 
AMC1044                       73.19 sY1291 6 6 3 
AMC0889   1.21 sY1291 8 8 4 

 

 

Phenotypic effect of restoration of AZFc gene copy numbers 

The 22 men that were initially identified and classified as gr/gr deleted based on STS PCR were next 

sub-classified as gr/gr deletions without secondary duplications or gr/gr deletions with one or more 

secondary duplications according to their qPCR results respectively (Table 4). When comparing the 

TMC of these men to the TMC of men with no (partial) deletions of AZFc, men with gr/gr deletions 

without any duplication, had significant lower TMC than men with no (partial) deletions of AZFc 

(10.63x106 vs 50.14x106 p<0.01, Figure 3). In contrast, men with Y chromosomes that underwent a 

gr/gr deletion subsequently followed by one or more duplications did not have significantly lower 

TMCs as compared to men with undeleted Y chromosomes. The single man with six copies of DAZ, 

six copies of BPY2 and three copies of CDY1/CSPG4KY/GOLGA2Y had a higher TMC compared to 

men with undeleted Y chromosomes, albeit not significant. In contrast, the single man with eight 

copies of DAZ, eight copies of BPY2 and four copies of CDY1/CSPG4LY/GOLGA2LY had a very low 

TMC but again not significantly different from men with undeleted Y chromosomes (Figure 3). 
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Figure 2.  Effect of (A) DAZ, (B) BPY2 and (C) CDY1/ CSPG4LY /GOLGA2LY gene copy number on total motile sperm count. 
The data are presented as median with 25th and 75th percentiles.   
 

 

 



Chapter five 
 

72 

 

Figure 3.  The effect of the gr/gr deletions, sub classified based on the number of AZFc genes, on total motile sperm count. In 
comparison to men with the reference sequence copy number (normal), only men with a gr/gr deletion without any duplication 
have a significantly reduced TMC. Data are presented as median with 25th and 75th percentile.  
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Discussion 

 

In this study we have shown that a reduction in copy number of each AZFc gene is correlated with 

reduced TMC and that men with a secondary duplication that restored the gene copy number had 

normal TMCs. More precisely, we found that the deletion of any complete gene family as well as the 

deletion of one gene copy of CDY1/CSPG4LY/GOLGA2LY, two copies of DAZ or one copy of BPY2 

was associated with significantly reduced TMC. In addition, we found that the TMC of men whose Y 

chromosomes had undergone one or more secondary duplications after a gr/gr deletion was not 

different from the TMC of undeleted men.  

The association between the copy number of individual AZFc gene families and the TMC may 

be due to a reduction in the number of genes itself or to simultaneous reduction in gene copy number 

of one (or more) other AZFc genes. The copy number of the DAZ gene is affected by each 

homologous recombination that occurs within the AZFc region and reduction of 

CDY1/CSPG4LY/GOLGA2LY always affects the gene copy number of BPY2 (Figure 1).Therefore, we 

cannot exclude that the observed effects on TMC by the analysis performed at the individual gene 

level are due to a simultaneous reduction in gene copy number of one (or more) other AZFc genes. 

Unfortunately, to date no men have been identified carrying chromosomes in which only a single 

AZFc gene family is affected and thus the effect of each of the individual gene families on TMC 

cannot be examined. Such chromosomes are also unlikely to occur as they cannot be generated via 

homologous recombination between amplicons.  

We also observed that men with one copy of BPY2 (n=4) had apparently higher TMC than 

men with two copies of BPY2 (n=17), while both groups of men had identical DAZ and 

CDY1/CSPG4LY/GOLGA2LY copy numbers. One possible explanation for the observed difference in 

TMC could be a difference in the genomic structure of the genes that remain after the deletion. In this 

light it is important to note that Y-chromosomes with one copy of BPY2 are the result of a b2/b3 

deletion, while Y-chromosomes with two BPY2 copies are the result of gr/gr deletions. While the gr/gr 

deletion removes the proximal cluster of two DAZ genes, the b2/b3 deletion removes the distal DAZ 

gene cluster (Repping et al., 2003; Repping et al., 2004). It is well established that the structure of the 

DAZ genes can vary between different copies within one man as well as between DAZ copies of 

different men (Saxena et al., 2000; Jobling and Tyler-Smith, 2003). Thus men with gr/gr deletions 

could retain DAZ genes with a different structure than men with b2/b3 deletions. Whether variation in 

DAZ gene structure truly affects total motile sperm count is currently unknown.   

We found secondary duplications only in gr/gr deleted men and not in b1/b3 or b2/b3 deleted 

men. It has been postulated that the size and number of regions that act as substrates for 

homologous recombination are factors that determine the rate of the recombination to occur (Eichler, 

2001). Whereas for the b1/b3 deletions only a 92 kb region homologous in P1 and P5, can act as a 

substrate for homologous recombination, for both the gr/gr deleted and b2/b3 deleted chromosomes 

the substrates for recombination are the same 92 kb region plus the 229 kb region of the blue 

amplicons b2 and b4 (Figure 1, Table 5) (Repping et al., 2002). Although number and size of the 

substrates for homologous recombination for gr/gr and b2/b3 deleted chromosomes are identical, we 
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observed secondary duplications in 27% of gr/gr deleted chromosomes (6/22) and in none of the four 

b2/b3 deleted chromosomes (0/4). Even though the numbers are too low to draw firm conclusions, 

this observation is interesting from an evolutionary point of view as  gr/gr deletions are the only partial 

AZFc deletions associated with spermatogenic failure (Noordam and Repping, 2006). Thus, if 

duplications restore TMC, gr/gr deleted chromosomes with secondary duplications would have an 

evolutionary benefit. Indeed, we observed that gr/gr deleted men with one (n=4) or two (n=1) 

secondary duplication(s) had a similar TMC as undeleted men suggesting a positive effect of 

restoration of gene copy number on TMC and hence reproductive fitness. The observation of a single 

gr/gr deleted man carrying eight DAZ genes with a lower TMC than men with four DAZ genes seems 

to contradict this finding, but is in fact in line with our recent finding that men with primary AZFc 

duplications, i.e. duplications not preceded by any deletion, resulting in Y-chromosomes with eight 

DAZ genes on their Y chromosomes have a severely diminished TMC (unpublished data). 

 

Table 5.  Targets for duplications of (partial) AZFc deletions 

Deletion type Targets for duplication in AZFc Target size (kB) Sequence identity (%) 
AZFc - -  
gr/gr homologous region in  P1 and P5* 92 99.99 

b2 and b4 229 99.99 
b2/b3 homologous region in  P1 and P5* 92 99.99 

b2 and b4 229 99.99 
b1/b3 homologous region in  P1 and P5* 92 99.99 

* see reference Repping et al., 2003 for details of this region 

 

 

 In conclusion, we have shown that a reduction in copy number of each AZFc gene is 

correlated with a reduction in total motile sperm count. In addition, we found that restoration of these 

reduced gene copy numbers via a secondary duplication can restore total motile sperm count to 

normal levels. These findings suggest that the gene content of the AZFc region has been preserved 

throughout evolution through a dosage effect of the AZFc genes on total motile sperm count and as a 

consequence on male reproductive fitness. 
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Supplementary info 

 

Supplementary Table 1. Primer pairs and universal probe numbers used for qPCR 

Primer set Target gene Forward primer sequence Reverse primer sequence Universal 
Probe # 

Red DAZ GTAGGGTCTGCCTCTGGTTTT GCAAAACATTTCTGTTTCTCTTCA 5 
Green BPY2 AGCTGCAGTATGGGGAACAT CCCTAACTGCTCCAGCAAAG 33 
Yellow CDY1 

(CSPG4LY/ 
GOLGA2LY) 

CCTTTTCATTAGCCCACACG CCCTGCGATTGGACTAGGT 34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




