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Abstract 

 

The azoospermia factor c (AZFc) region in the human Y chromosome consists almost entirely of 

amplicons and contains five genes that are potentially involved in spermatogenesis, namely deleted in 

azoospermia (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). The 

organization of the AZFc region varies between men as a result of deletions, duplications and 

inversions. However, variation in gene copy number is limited indicating possible selective constraints. 

(partial) AZFc deletions, that reduce the copy number of AZFc genes, result in absent or reduced 

sperm production, but it is unknown whether increases in AZFc gene copy number also affect 

spermatogenesis. We determined AZFc gene copy numbers in a consecutively included cohort of 845 

men with variable sperm counts. We found 811 (96%) men with four DAZ genes, 25 (3%) men with six 

DAZ genes and nine (1%) men with eight DAZ genes.  Compared to men with four DAZ genes, men 

with eight DAZ genes had significantly lower total motile sperm counts (2x106 vs 50x106; p<0.017). 

Men with six DAZ copies or men with an increase in BPY2, CDY1, GOLGA2LY, CSPG4LY gene copy 

number did not suffer from reduced semen quality. It seems therefore that AZFc gene copy number 

variation is restrained throughout evolution by limited reproductive success of men with too few or too 

many DAZ genes.  
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Introduction 

 

Nearly the entire AZFc region of the human Y chromosome consists of repetitive or ampliconic 

sequences (Skaletsky et al., 2003) (Figure 1A). These amplicons are substrates for inter- and 

intrachromosomal homologous recombination events that can result in deletions, duplications and 

inversions leading to variations in AZFc structure between Y chromosomes (Kuroda-Kawaguchi et al., 

2001; Fernandes et al., 2002; Repping et al., 2002; Repping et al., 2003; Fernandes et al., 2004; 

Repping et al., 2004; Repping et al., 2006).  

A survey among 47 branches of the Y chromosome genealogical tree showed that such 

variations in structure are very common among Y chromosomes (Repping et al., 2006). However, 

deletions and duplications of (part of) AZFc are less common than inversions and consequently 

variation in AZFc gene copy number is limited. 

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

i.e. deleted in azoospermia (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), that are all located within amplicons and are specifically expressed in testis (Slee et al., 

1999; Kuroda-Kawaguchi et al., 2001; Caron et al., 2003). Whereas DAZ and BPY2 are located within 

different amplicons, CDY1, GOLGA2LY and CSPGLY are located within the same amplicon (Figure 

1B).  Deletions of (part of) AZFc can lead to absent or reduced sperm production (Kuroda-Kawaguchi 

et al., 2001; Fernandes et al., 2002; Repping et al., 2003; Fernandes et al., 2004; Repping et al., 

2004), but the precise prevalence and phenotypic effect of (partial) AZFc duplications are unclear 

(Writzl et al., 2005; Lin et al., 2007; Giachini et al., 2008). We hypothesized that the 

underrepresentation of (partial) AZFc duplications in the 47 branches of the Y chromosome may be 

due to a phenotypic effect similar to the effect of (partial) deletions of AZFc, i.e. a reduced semen 

quality. This reduced semen quality would then automatically lead to a low prevalence of (partial) 

AZFc duplications in the general population. 

 

 
Figure 1. The AZFc region. (A) Schematic representation of the AZFc region. (B) Locations of the multicopy genes DAZ, BPY2 
and CDY1/GOLGA2LY/CSPG4LY (C) Low resolution STSs used in screening for partial AZFc deletions. (D) Location of the 
qPCR probes used to determine copy number of AZFc genes. 
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We set out to identify all (partial) duplications of AZFc in a cohort of 845 consecutively 

included male partners of subfertile couples unselected for semen quality. We then determined the 

effect of an increase in copy number of DAZ, BPY2 or CDY1/GOLGA2LY/CSPG4LY on semen quality 

as expressed by total motile sperm count.  
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Material and Methods:  

 

Men studied  

We consecutively included all male partners of subfertile couples who presented at the Academic 

Medical Centre from January 2000 until July 2006 in this study. All men were included prior to semen 

analysis to avoid a possible selection bias based on semen quality. This study was approved by the 

local medical ethics committee and written informed consent was obtained from all men. We excluded 

men with known causes of infertility, i.e. surgery on the vasa deferentia, orchitis, bilateral 

cryptorchidism, bilateral orchidectomy or prior radio- or chemotherapy. Men were also excluded if the 

fertility workup identified retrograde ejaculation, obstructive azoospermia, a classical Y-chromosome 

deletion (AZFa, P5/proximal-P1, P5/distal-P1, AZFc, b1/b3, b2/b3 or gr/gr) and/or numerical or 

structural chromosome abnormalities.  

For each man, a minimum of two semen analyses was performed according to WHO 

guidelines as part of standard patient care, and retrospectively linked to each included man (World 

Health Organization, 1992). 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. 

 

 

qPCR  

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, follow ed by 50 cycles of 1 minute at 95 °C, 20 

seconds at 55 °C and 20 seconds at 72 °C, and final ly 20 seconds at 40 °C. The total volume for each 

PCR mix was 20 µl. A PCR mix consisted of 10 µl ABsolute QPCR 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 in each experiment (Figure 2). 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 numbers, were repeated in at least two separate 

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

We first targeted the DAZ gene as each (partial) duplication of the AZFc region caused by 

homologous recombination will affect DAZ gene copy numbers (see Suppl. Note).   
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Figure 2. qPCR assay to determine DAZ gene copy numbers. (A) Representative result from qPCR to determine DAZ gene  
copy numbers showing a sample with two (green line), four (black line) and eight (purple line) DAZ genes. (B) Corresponding  
results for FISH using a CY3(red)-labeled probe for a DAZ cluster. Each DAZ cluster contains two DAZ genes. 
 

 

FISH  

Fluorescence in situ hybridisation (FISH) to determine the copy number of DAZ genes was performed 

using probe 18E8 as described previously (Repping et al., 2003).  

 

 

Haplotype analysis  

All men with (partial) AZFc duplications were haplotyped using the Y-linked polymorphisms as 

previously described (Repping et al., 2006). 

 

 

Statistical analysis  

We compared the total motile sperm count (TMC) of men with increased copy numbers of DAZ, BPY2 

and CDY1/GOLGA2LY/CSPG4LY to the TMC of men with the reference copy number of the gene of 

interest. In all analyses we used the average of all available semen analyses from each patient.  

As the TMC was not normally distributed, we performed non parametric testing. We tested for 

association of reduced semen quality and gene copy numbers using a one-sided Kruskal-Wallis test. 

We then performed Mann-Whitney tests as post hoc testing.  

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: 

 

qPCR 

qPCR data are summarized in Table 1. Eight-hundred-eleven out of 845 (96%) Y chromosomes had 

four DAZ genes, while 25 (3%) Y chromosomes carried six DAZ genes and nine (1%) carried eight 

DAZ genes. The 25 Y chromosomes that carried six DAZ genes could be subclassified into at least 

four categories. In nineteen chromosomes there were four BPY2 genes and three 

CDY1/GOLGA2LY/CSPG4LY genes. Based on the reference sequence of the human Y chromosome, 

these copy numbers are consistent with a gr/gr duplication (Figure 3A, B). The nine chromosomes 

with eight DAZ gene copies, could be subclassified into at least four categories of which the 

constitution of six BPY2 gene copies and four CDY1/GOLGA2LY/CSPG4LY gene copies was most 

common (3/9). This constitution is consistent with a b2/b4 duplication (Figure 3C, D).  

 

Table 1. Gene copy numbers of men with (partial) AFZc duplications  

ID DAZ BPY2 CDY1 Possible AZFc 
rearrangement number* 

reference sequence 4 3 2 1 
AMC0489  6 3 2 Unknown 
01.0204.3 6 4 2 3 
AMC0564  6 4 2 3 
01.0191.3 6 4 3 9** 
01.6073.3 6 4 3 9 
01.6199.3 6 4 3 9 
01.9023.3 6 4 3 9 
AMC0379 6 4 3 9 
AMC0401 6 4 3 9 
AMC0402 6 4 3 9 
AMC0517  6 4 3 9 
AMC0556 6 4 3 9 
AMC0566  6 4 3 9 
AMC0576 6 4 3 9 
AMC0580 6 4 3 9 
AMC0585 6 4 3 9 
AMC0592 6 4 3 9 
AMC0791 6 4 3 9 
AMC0875 6 4 3 9 
AMC0902 6 4 3 9 
AMC0933 6 4 3 9 
01.3003.3 6 4 3 9 
01.2020.3 6 5 3 21,30,36,44 
AMC0422  6 5 3 21,30,36,44 
AMC0645 6 5 3 21,30,36,44 
01.0187.3 8 4 2 167, 289 
AMC0957 8 4 2 167, 289 
01.0178.3 8 4 3 Unknown 
AMC0308  8 4 3 Unknown 
AMC0715 8 4 3 Unknown 
AMC0446  8 5 2 57 
01.6056.3 8 6 4 6*** 
AMC1040 8 6 4 6 
AMC0891 8 6 4 6 
Note: unknown= not possible to predict in one, two, three, or four-step homologous recombination events that can occur in the 
AZFc region. 
*precise structures can be found in Suppl. Note and in Repping et al 2006; **6= gr/gr duplication (Figure 3A, B); 
***9= b2/b4 duplication (Figure 3C, D) 
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Figure 3. Schematic representations of (partial) AZFc duplications. (A) Organization of the AFZc region prior to a gr/gr 
duplication. The green arch high-lights the amplicons that are involved in the homologous recombination. (B) Model of the 
homologous recombination that results in a gr/gr duplicated chromosome. (C) Organization of the AFZc region prior to a b2/b4 
duplication. The blue arch high-lights the amplicons that are involved in the homologous recombination. (D) Model of  
the homologous recombination that results in a b2/b4 duplicated chromosome. 
 

 

FISH 

FISH results using a DAZ specific probe on the first 115 men of the cohort all matched qPCR results 

(Suppl. Table 2). 

 

 

Haplotype analysis  

Using haplotype specific markers, the 34 Y chromosomes with (partial) AZFc duplications could be 

divided over fourteen branches of the Y chromosome genealogical tree (Figure 4). 
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Figure 4. Y chromosome genealogical tree displaying the location of the Y chromosomes with (partial) AZFc duplications. 
Markers that define the sub-branches are shown (Jobling and Tyler-Smith, 2003). Nomenclature is according to reference 
(Jobling and Tyler-Smith, 2003). 
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Phenotypic effect of (partial) AZFc duplications  

An increase in DAZ gene copy number was associated with reduced TMC (p<0.047), while increases 

in BPY2 or CDY1/GOLGA2LY/CSPG4LY gene copy number were not associated with reduced TMC 

(p=0.214, and p=0.254, respectively). Subsequent analysis showed that men with six DAZ genes did 

not have a significantly reduced TMC as compared to men with four DAZ genes (45x106 vs 50x106, 

p=0.281), while men with eight DAZ genes had a 25-fold reduction in TMC (2x106 vs 50x106, p<0.017) 

(Figure 5, Table 2). 

 

 
Figure 5. Effect of DAZ gene copy number on total motile sperm count. Data are presented as median with 25th and 75th 
percentile. 
 

 

Table 2. Semen parameters men with different DAZ gene copy numbers 

DAZ gene copy number Number of men Total motile sperm count (x106) p-value 
(vs 4xDAZ) 

Median 25th-percentile 75th-percentile 
4 811 50.4 6.7 115.2 - 
6 25 44.7 0.4 161.0 .281 
8 9 2.3 0.3 63.8 .017 

Note: the semen characteristics for each individual man with 8 DAZ genes are shown in Suppl.Table. 2. 
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Discussion: 

 

In the current study we identified 25 (3%) men with six DAZ genes and nine (1%) men with eight DAZ 

genes in a consecutively included cohort of 845 men unselected for semen quality. As compared to 

men with the reference copy number of four DAZ genes, men with six DAZ genes did not have a lower 

total motile sperm count, but men with eight DAZ genes showed a 25-fold reduction in total motile 

sperm count (2x106 vs 50x106; p<0.017). In contrast, variation in BPY2 or 

CDY1/GOLGA2LY/CSPG4LY gene copy number was not significantly associated with a reduced 

TMC. 

Our study has several strengths. First, we used a novel qPCR method that was highly specific 

due to unique combinations of primers and probes. This novel method allowed us to identify various 

(partial) duplications of the AZFc using DNA extracted from blood samples. The fact that we were able 

to confirm a set of 115 qPCR results by FISH proves the reliability and usefulness of this new method. 

Second, our large cohort of unselected consecutively included men allowed us to compare semen 

quality of men with different copy numbers of DAZ, BPY2 or CDY1/GOLGA2LY/CSPG4LY without any 

selection bias. Such a cohort based approach is methodologically more powerful in detecting 

associations than a case-control design (Visser et al., 2009).  

The observed reduction in TMC in men with eight DAZ gene copies resembles the previously 

described reduced semen quality in men with decreased DAZ gene copy numbers (Visser et al., 

2009). Unfortunately, with the small number of men with eight DAZ genes identified in this study (n=9), 

it is impossible to determine whether the reduction in TMC associated with an increase in DAZ gene 

copies is of the same magnitude as the reduction in TMC associated with a decrease in DAZ gene 

copies. Nevertheless, our data indicate that variation in AZFc gene copy number is limited due to 

reduced reproductive fitness of men with too many or too few DAZ genes. Future studies are 

necessary to confirm or refute our findings and to further examine the prevalence of Y chromosomes 

with six and eight DAZ genes as well as the degree of variability in semen quality in men with these 

DAZ gene copy numbers. 

 The men carrying Y chromosomes with (partial) duplicated AZFc regions originated from 14 

distinct haplotype branches. For all these branches, Y chromosomes with normal AZFc structures 

have previously been reported (Repping et al., 2006). Thus, no branch of the Y-chromosome 

genealogical tree uniformly contains Y chromosomes with (partial) AZFc duplications. However, it 

must be noted that chromosomes that initially contained duplicated AZFc regions but reverted back to 

the reference sequence via a deletion, are indistinguishable from chromosomes that have not 

undergone any deletion or duplication of the AZFc region at all (see Suppl. Note). In contrast, (partial) 

AZFc deletions permanently mark the chromosome with the absence of a sequence tagged site 

(STS), even if this chromosome undergoes a subsequent duplication that restores gene copy 

numbers. 

In light of the absence of meiotic recombination on the Y chromosome since its divergence 

from the X chromosome 166 million years ago (Warren et al., 2008; Veyrunes et al., 2008) and the 

subsequent massive gene loss on the Y chromosome, the human Y chromosome is often portrayed 
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as a decaying chromosome (Stern, 1957; Visser et al., 2009). Indeed, modern day Y chromosomes 

show significant structural variability suggesting rapid and continuous structural rearrangements. On 

the other hand, critical regions of the Y chromosome, such as the AZFc region, have apparently 

remained relatively stable over millions of years. Our current results together with previous described 

reduced semen quality in men with (partial) AZFc deletions suggest that this stability is due to a direct 

relationship with sperm production and hence reproductive fitness: Y chromosomes with mutations 

leading to severe reduction or expansion of the AZFc region are rapidly removed from the population 

due to their limited reproductive success. 
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Supplementary info 

 

Supplementary Table 1. Characteristics of the 115 men tested by FISH and qPCR  

qPCR results FISH results Number of men  
4 4 111  
6 6 4  

qPCR and FISH results of the 115 men that were tested with both methods to determine the reliability of the novel qPCR 
method. Both methods had identical results. 
 

 

Supplementary Table 2. Semen parameters men with different DAZ gene copy numbers 

Gene copy number Number of men Total motile sperm count 25-percentile 75-percentile p-value vs 4xDAZ 
4 811 50.42 6.68 115.24 - 
6 25 44.72 0.42 161.02 .281 
8 9 2.31 0.35 63.81 .017 

Note: Total motile sperm count (TMC) data are presented as median with 25th and 75th percentile. 
 

 

Supplementary Table 3. Primer pairs and universal probe # used for qPCR 

Primer 
set 

Target 
gene 

Number of copies 
normally present 

Forward primer sequence Reverse primer sequence Universal 
Probe # 

red DAZ 4 GTAGGGTCTGCCTCTGGTTTT GCAAAACATTTCTGTTTCTCTTCA 5 
green BPY2 3 AGCTGCAGTATGGGGAACAT CCCTAACTGCTCCAGCAAAG 33 
yellow CDY1 2 CCTTTTCATTAGCCCACACG CCCTGCGATTGGACTAGGT 34 
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