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Summary of recent advances 

 

Once considered a genetic wasteland of no scientific interest beyond sex determination, the 

human Y chromosome has made a significant comeback the past decades and is currently implicated 

in multiple diseases, including spermatogenic failure — absent or very low levels of sperm production. 

The Y chromosome contains over one hundred testis-specific transcripts, and several deletions have 

been described that remove some of these transcripts thereby causing spermatogenic failure. 

Screening for such deletions in infertile men is now a standard part of clinical evaluation. Many other 

Y-chromosome structural variants, some of which affect gene copy number, have been reported 

recently, and future research will be necessary to address the phenotypic effect of these structural 

variants. 
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Introduction 

 

The human Y chromosome stands out from all other chromosomes because it is male specific and is, 

apart from two regions that pair and cross over with the X chromosome during meiosis, clonally 

transferred from father to son. In the beginning of the twentieth century, as many as 19 traits, including 

hairy ears and scaly skin, were thought to be linked to the Y chromosome since they appeared to be 

passed down from father to son. By the late 1950s however, these studies were discredited and the 

sole function of the Y chromosome was considered to be male sex-determination; genetically, it was 

considered a wasteland (Stern, 1957). Research at the end of the last century however, has shown 

that the Y chromosome harbors genes implicated in gonadal sex reversal, Turner syndrome, graft 

rejection and, in particular, spermatogenic failure.  

The first clue to an association between the Y chromosome and spermatogenesis came in 

1976 from a study that described deletions of the Y chromosome long-arm (Yq) in azoospermic men, 

i.e. men with no spermatozoa in their ejaculate (Tiepolo and Zuffardi, 1976). The authors thus 

postulated then that an azoospermia factor (AZF) was present on Yq. With the use of molecular 

technology the first gene thought to be involved in spermatogenic failure - the DAZ gene - was 

described in 1995 (Reijo et al., 1995). Subsequently, in 1996, the long arm was shown to contain in 

fact three AZF regions, that were frequently deleted in men with spermatogenic failure (Vogt et al., 

1996). Currently, seven recurrent deletions of Yq have been described in detail: AZFa, P5/proximal-P1 

(previously termed AZFb), P5/distal-P1, AZFc, b1/b3, b2/b3 and gr/gr deletions (Fernandes et al., 

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

The publication of the complete annotated sequence of the male specific region of the Y-

chromosome (MSY) in 2003 ushered in a new era of Y-chromosome genetics and provided a powerful 

tool for investigating the chromosome’s role in spermatogenic failure (Skaletsky et al., 2003). Here we 

focus on these recent developments and discuss future research opportunities. 

 

 

The MSY sequence 

The MSY constitutes 95 % of the Y chromosome (Figure 1). Since the MSY does not recombine with 

the X chromosome it is transmitted clonally from father to son. Two pseudoautosomal regions flanking 

the MSY undergo meiotic exchange with the X chromosome (PAR1 and PAR2). The MSY is a mosaic 

of heterochromatic sequences and three classes of euchromatic sequences: X-transposed, X-

degenerate and ampliconic sequences (Skaletsky et al., 2003). The ampliconic sequences, which 

represent 45% of the euchromatic MSY, are arranged in direct and inverted repeats, including eight 

major palindromes—inverted repeats with very little intervening sequence (Figure 1). The repetitive 

nature of these ampliconic sequences troubled mapping efforts in the past and hampered precise 

characterization of Y-chromosome deletions, since it was virtually impossible to organize the locations 

of multicopy Sequence Tagged Sites (STSs). For instance, because AZFc consists entirely of 

amplicons, its 1.5-Mb overlap with the P5/proximal-P1 deletion went undetected (Repping et al., 

2002). The ampliconic sequences contain 64 out of a total of 83 MSY genes. In keeping with the 
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spermatogenic failure phenotype of many Y chromosome deletions, nearly all of these ampliconic 

transcripts are expressed either predominately or exclusively in the testis (Table 1).  

 

 
 
Figure 1. Schematic diagram of the human Y chromosome. The centromere (Cen) separates the short arm (Yp) from the long 
arm (Yq). The Male specific part of the Y (MSY) is flanked by two pseudautosomal regions (PAR1 and PAR2) that undergone 
pairing and exchange with the X chromosome. The long arm (Yq) of the chromosome contains a large block of heterochromatin 
(Het) that is known to vary in size between men (Repping et al., 2006). Euchromatic ampliconic sequences are indicated in blue. 
The position and size of recurrent Y chromosome deletions are shown as black bars. The asterisk indicates the b2/b3 deletion 
that can only occur in an inverted variant of the AZFc region; the location of the deletion is therefore depicted here in relation to 
the reference sequence  
 

 

Classical deletions 

Four interstitial deletions were already discovered prior to the publication of the MSY sequence, 

namely AZFa, P5/proximal-P1, P5/distal-P1 and AZFc deletions (Vogt et al., 1996; Repping et al., 

2002). These four deletions share the same deletion mechanism: ectopic homologous recombination 

between amplicons.  

AZFa deletions result from homologous recombination between two viral HERV15 sequences 

that are for 94% identical (Kamp et al., 2000; Sun et al., 2000; Blanco et al., 2000). The P5/proximal-

P1 deletion is the result of  homologous recombination between the P5-palindrome and the proximal 

part of the P1-palindrome, while the P5/distal-P1 is the result of homologous recombination between 

the P5-palindrome and the distal arm of the P1-palindrome (Repping et al., 2002). Although all 

P5/proximal-P1 and P5/distal-P1 deletions have breakpoints in the P5- and P1-palindrome, not all are 

caused by homologous recombination. The center of P5 and two regions in the P1-palindrome, mini-

palindromes P1.1 and P1.2, seem to be deletion hotspots, perhaps due to secondary structure 

(Aradhya et al., 2001; Repping et al., 2002). The AZFc region consists almost entirely of amplicons, 

and homologous recombination between two of these amplicons (b2 and b4) causes the common 

“b2/b4” AZFc deletion (Kuroda-Kawaguchi et al., 2001). 

There seems to be a rough correlation between the incidence of each deletion and the size of 

the targets for homologous recombination. AZFc deletions, with recombination targets of ~229 kb 
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targets, are more common than P5/P1 deletions (~100 kb targets), which in turn are more common 

than AZFa deletions (~10 kb targets) (Kamp et al., 2000; Sun et al., 2000; Kuroda-Kawaguchi et al., 

2001). 

 

Table 1. Overview of all genes on the Y chromosome proven or hypothesized to encode proteins 
 
Class of sequence Gene Tissue  

expression 
Gene copy number variability References 
Reference 
sequence 

AZFa P5/prox. 
-P1 

P5/dist. 
-P1 

AZFc b1/b3 b2/b3 gr/gr Other   

X-transposed 
 

TGIF2LY Testis 1 - - - - - - - -  

PCDH11Y Fetal brain 
Brain 

1 - - - - - - - - 
 

             

X-degenerate 
 

AMELY Teeth 1 - - - - - - - -  

DDX3Y Ubiquitous 1 0 - - - - - - 2 Bosch et al. 2003 
Vogt et al. 1996 

PRKY Ubiquitous 1 - - - - - - - -  

SRY Testis 1 - - - - - - - -  

SMCY Ubiquitous 1 - 0 0 - - - - -
 

Vogt et al. 1996 

UTY Ubiquitous 1 - - - - - - - -  

ZFY Ubiquitous 1 - - - - - - - -  

TMSB4Y Ubiquitous 1 - - - - - - - -  

EIF1AY Ubiquitous 1 - 0 0 - - - - - Vogt et al. 1996 

RPS4Y1 Ubiquitous 1 - - - - - - - -  

TBL1Y Ubiquitous 1 - - - - - - - -  

RPS4Y2 Testis  
Prostate 

1 - 0 0 - - - - -
 Vogt et al. 1996 

NLGN4Y Fetal brain 
Brain 
Prostate 
Testis 

1 - - - - - - - - 

 

USP9Y Ubiquitous 1 0 - - - - - - 2 Bosch et al. 2003 
Sargent et al. 1999 
Vogt et al. 1996 

CYorf14 Ubiquitous 1 - 0 0 - - - - -
 

Vogt et al. 1996 

CYorf15A Ubiquitous 1 - 0 0 - - - - -
 

Vogt et al. 1996 

CYorf15B Ubiquitous 1 - 0 0 - - - - -
 

Vogt et al. 1996 

             

Ampliconic 
 

DAZ Testis 4 - 2 0 0 2 2 2 6,8,12
 Kuroda et al. 2001 

Reijo et al. 1995 
Repping et al. 2003 
Repping et al. 2006 
Vogt et al. 1996 
unpublished data 

GOLGA2LY Testis 2 - - 0 0 - 1 1 3,4,6
 Kuroda et al. 2001 

Repping et al. 2003 
Repping et al. 2006 
unpublished data 

HSFY Testis 2 - 0 0 - - - - -
 

Vogt et al. 1996 

PRY Testis 2 - 0 0 - 0 - - -
 

Kuroda et al. 2001 

RBMY Testis 6 - 0 0 - 4 - - -
 Repping et al. 2003 

Vogt et al. 1996 

TSPY Testis 35 - - - - - - - 23-64
 

Repping et al. 2006 

VCY Testis 2 - - - - - - - -  

XKRY Testis 2 - 1 1 - - - - -
 

Repping et al. 2002 

CDY1 Testis 2 - 1 1 0 - 1 1 3,4,6
 Kuroda et al. 2001 

Repping et al. 2003 
Repping et al. 2006 
unpublished data 

BPY2 Testis 3 - 2 0 0 2 1 2 4,5,6,9
 Kuroda et al. 2001 

Repping et al. 2003 
Repping et al. 2006 
unpublished data 

CDY2 Testis 2 - 1 1 - - - - -
 

Repping et al. 2002 

CSPG4LY Testis 2 - - 0 0 - 1 1 3,4,6
 Kuroda et al. 2001 

Repping et al. 2003 
Repping et al. 2006 
unpublished data 

Sequence class and tissue specificity are indicated. The copy number of each gene in the reference sequence as well as known 
variability in copy numbers (caused by deletions, duplications or a combination of both) with are shown. - = no variability 
described. 
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Although they appear to contribute negatively to the stability of the chromosome, amplicons on 

the Y chromosome may have an important function as well. These amplicons may maintain sequence 

integrity through Y-Y gene conversion, in which there is non-reciprocally transfer from one DNA duplex 

(in this case one copy of the amplicon) to another (Rozen et al., 2003). This may allow potential 

harmful mutations to be corrected in the absence of a meiotic pairing partner. 

 

 

Partial AZFc deletions 

Based on the mechanism of AZFa, P5/P1 and AZFc deletions, it was predicted that the AZFc region 

was prone for two additional deletions, one resulting from recombination between the amplicons b1 

and b3 and one resulting from recombination between amplicons g1-r1-r2 and g2-r3-r4 (Figure 2) 

(Yen, 2001). Indeed, both deletions, the b1/b3 deletion and the gr/gr deletion, were subsequently 

identified based upon this prediction, illustrating the usefulness of the MSY sequence (Repping et al., 

2003). 

The gr/gr deletion, sometimes referred to as DAZ1/DAZ2 deletion (Fernandes et al., 2002), is 

prevalent in the human population. The gr/gr deletion was shown to be present in multiple branches of 

a genealogical tree of Y chromosomes (i.e. a tree constructed on the basis of Y-chromosomal Single 

Nucleotide Polymorphisms (SNPs)), thereby confirming its recurrent nature. Strikingly, one branch — 

branch Db2, which occurs primarily in Japan (Underhill et al., 2000)) — contains only gr/gr deleted 

chromosomes indicating that the founder of this particular branch was most probably gr/gr deleted 

(Kuroki et al., 1999; Ewis et al., 2002; Repping et al., 2003). The gr/gr deletion removes 1.6 Mb of the 

AZFc region but does not remove an entire AZFc-gene family; instead it reduces the copy number of 

five such families (Tables 1 and 2). Interestingly, some men with gr/gr deletions have undergone 

subsequent duplications, again mediated through homologous recombination between amplicons, and 

which seem to restore gene copy number (Repping et al., 2003). 

In size, the b1/b3 deletion is similar to the gr/gr deletion (1.6 Mb), but it affects a more 

proximal part of AZFc (Figures 1 and 2). The b1/b3 deletion removes both PRY (PTPBL-related 

protein on Y) genes and reduces the copy numbers of several other genes (Tables 1 and 2). The 

prevalence of the b1/b3 deletion in the human population is low. 

More recently, another partial AZFc deletion, the b2/b3deletion (Repping et al., 2004) or 

DAZ3/DAZ4 deletion (Fernandes et al., 2004), was identified. In contrast to gr/gr and b1/b3 deletions 

that had been predicted based on sequence composition, the b2/b3 deletion cannot be explained by a 

single recombination event. Instead, it occurs on inverted variants of the AZFc region (Figure 2) 

(Repping et al., 2004). To date, all known b2/b3 deletions are present almost exclusively in branch N 

of the Y-chromosomal tree and all studied Y chromosomes of this branch appear to be b2/b3 deleted, 

indicating that the founder of branch N was probably b2/b3 deleted (Fernandes et al., 2004). The 

b2/b3 deletion reduces the copy number of five AZFc-gene families (Tables 1 and 2). Similar to gr/gr 

deletions, some men with b2/b3 deletions have undergone subsequent duplications (Figure 2) 

(Repping et al., 2004). 
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Figure 2. Schematic representation of three modes of homologous recombination on the Y chromosome resulting in different 
structural variants (adapted with permission from the study by (Repping et al., 2004). The arrows depict the organization of the 
constituent amplicons, which are color-coded; sequences with the same color are >99.9% identical.  Each form of homologous 
recombination is illustrated by fluorescence in situ hybridization (FISH) images with probes targeting the appropriate amplicons 
(red, green or yellow). The green and blue “bows” indicate the regions involved in the homologous recombination events. (A) 
The organization of amplicons in the reference AZFc sequence. The organization of amplicons after (B) an inversion between 
the inverted amplicons gr and rg (gr/rg inversion), (C) a subsequent deletion between amplicons b2 and b3 (b2/b3 deletion), and 
(d) a final duplication between the blue/gray amplicons. It must be noted that the b2/b3 deletion can also result from an 
inversion between amplicons b1 and b3 with a subsequent deletion between amplicons gr and gr (Repping et al., 2004).  
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Phenotypic effect of deletions 

Y-chromosomal deletions are associated with a range of spermatogenic failure phenotypes at varying 

penetrance (Table 2). Although their prevalence is low, all AZFa deletions described to date result in 

the complete absence of germ cells in the testis, also known as Sertoli cell-only syndrome (SCO) 

(Vogt et al., 1996; Sun et al., 1999; Sun et al., 2000; Hopps et al., 2003). The AZFa region contains 

only two testis-specific genes (i.e. Ubiquitin specific protease 9 Y (USP9Y) and Dead box protein 3 Y-

chromosomal (DDX3Y, formerly DBY)). One patient with a de novo point mutation in USP9Y and one 

patient with a deletion of USP9Y, did have sperm present in their testis but had extremely low sperm 

production (Sun et al., 1999; Sargent et al., 1999). Thus, both USP9Y and DDX3Y seem to be 

required for normal levels of spermatogenesis. 

P5/P1 deletions cause azoospermia and are present in ~2% of men with azoospermia (Vogt et 

al., 1996; Girardi et al., 1997; Brandell et al., 1998). In contrast to AZFa deletions, P5/P1 deletions do 

not always result in SCO but often lead to maturation arrest, i.e. a block during meiosis in the sperm 

production. Although there is a prime candidate gene for this region, namely RNA-binding motif protein 

on the Y (RBMY) (Elliott, 2000; Elliott, 2004), the deletion affects many other genes as well, and 

further research is required to elucidate their function and contribution to the spermatogenic failure 

phenotype (Vogt et al., 1996; Girardi et al., 1997; Brandell et al., 1998). 

Deletions between b2 and b4 in the AZFc region are clearly among the most common known 

molecular causes of spermatogenic failure in men (Vogt et al., 1996; Kuroda-Kawaguchi et al., 2001; 

Oates et al., 2002). Although the exact frequencies of AZFc deletions in infertile men varies between 

studies  — mainly owing to different inclusion criteria — it is estimated that they occur in ~6% of men 

with azoospermia and in ~5% of men with severe oligozoospermia ( i.e. men with a sperm count less 

than 5 million spermatozoa per ml (Kuroda-Kawaguchi et al., 2001); the lower level of normal sperm 

concentration is 20 million per ml). The prevalence of AZFc deletions in the general population is 

estimated at 1:4000 (Kuroda-Kawaguchi et al., 2001). AZFc deletions remove 13 genes from a total of 

five gene families (Tables 1 and 2). Although all AZFc deletions are essentially identical, men with 

AZFc deletions have variable phenotypes ranging from SCO to severe oligozoospermia. This variable 

phenotype likely results from other genetic or environmental factors that affect spermatogenesis.  

gr/gr deletions are found in ~3% of men with azoo- or oligozoospermia. The phenotype of men 

with gr/gr deletions varies even more than that of men with AZFc deletions — from azoospermia or 

oligozoospermia to normal sperm-counts. Despite this variation, several studies have demonstrated 

an association between gr/gr deletions and spermatogenic failure (Fernandes et al., 2002; Repping et 

al., 2003; Ferlin et al., 2005; Giachini et al., 2005; Lynch et al., 2005a; de et al., 2005a; de et al., 

2005b; Lynch et al., 2005b). Furthermore, Y-chromosomes from genealogical branch D2b, which 

uniformly carry a gr/gr deletion, are associated with lower sperm counts (Kuroki et al., 1999; Ewis et 

al., 2002; Repping et al., 2003).  In contrast to the previously described Y-chromosome deletions, 

which are causal in azoo- or oligozoospermia, gr/gr deletions are thus risk factors for spermatogenic 

failure. Again, genetic and environmental factors may explain the phenotypic variability of gr/gr 

deletions. Theoretically, subsequent duplications that restore gene copy number might restore 

spermatogenesis (Repping et al., 2003), although this hypothesis remains to be investigated. 
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Table 2. Summary of recurrent deletions on the MSY. 

Deletion Size 
(Mb) 

Number of  
genes affected 

Phenotypic effect Frequency 

Azoospermia Oligozoospermia 
AZFa  0.8 2 Azoospermia (SCO syndrome) <1% 0% 

P5/proximal-P1 
(AZFb)  

6.2 23 Azoospermia (SCO syndrome / maturation 
arrest) 

1% 0% 

P5/distal-P1  7.6 31 Azoospermia (SCO syndrome / maturation 
arrest) 

1% 0% 

AZFc (b2/b4)   3.5 13 Azoospermia / severe oligozoospermia 6% 5% 

gr/gr  1.6 6 Variable (risk factor for spermatogenic 
failure) 

3% 3% 

b1/b3 1.6 7 Unknown - - 

b2/b3  1.7 7 Unknown - - 

Note: SCO = Sertoli-cell-only syndrome, complete absence of germ cells in the testis. 

 

 

Besides being linked to spermatogenetic failure, gr/gr deletions have also recently been 

demonstrated to have a strong statistical association with testicular germ cell tumors (TGCTs) 

(Nathanson et al., 2005). Men with a gr/gr deletion appear to have a twofold increased risk of 

developing TGCTs. If additionally, there is a history of familial occurrence of TGCTs or if the TGCT is 

a seminoma, there is a threefold increased risk of developing TGCTs. It is well accepted that there is 

an association between male infertility and TGCT (Moller and Skakkebaek, 1996; Petersen et al., 

1998; Akre et al., 1999) and the search for common genetic causes such as the gr/gr deletion is 

clearly important. 

b1/b3 deletions and b2/b3 deletions outside of branch N are very rare, and thus it is not clear 

whether these deletions can affect spermatogenesis, though both deletions have been found in men 

with normal sperm counts (Repping et al., 2004; Ferlin et al., 2005; Hucklenbroich et al., 2005). Large 

scale studies involving thousands of well-defined samples would be necessary to assess whether 

these deletions confer any risk for spermatogenic failure. 

As indicated above, nearly all Y-chromosome deletions described to date affect multiple genes 

or gene families and display a variety of phenotypes ranging from azoospermia to normal 

spermatogenesis. Unfortunately, this hampers the determination of the precise function and 

importance of individual Y-chromosomal genes. Since no in vitro culture system is currently available 

for human spermatogenesis, animal studies will be necessary to address this question. A difficulty 

here, however, is that many of these genes are not present on the Y chromosomes of mice or rats. 

Because of their role in spermatogenic failure, Y-chromosome deletions are usually tested for 

in men with azoo- or severe oligozoospermia who wish to father children via assisted reproductive 

technology. Current practice is to screen for AZFa, P5/P1 and AZFc deletions, and some advocate 

screening for gr/gr deletions as well (Simoni et al., 1997; Simoni et al., 2004). The presence of an 

AZFa or P5/P1 deletion indicates an extremely low chance of finding sperm during a testicular sperm 

extraction (TESE) procedure (Oates et al., 2002). In contrast, AZFc-deleted men often have sperm in 

their testis and can thus often father children via intracytoplasmic sperm injection (ICSI), or, rarely, 

without medical assistance (Oates et al., 2002; Silber and Repping, 2002; Kuhnert et al., 2004).  

Couples in whom the man carries an AZFc deletion should receive genetic counseling prior to 
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TESE/ICSI, because any sons born via this procedure will inherit the deletion and suffer from 

azoospermia or severe oligozoospermia (Oates et al., 2002; Silber and Repping, 2002; Kuhnert et al., 

2004).  

 

 

Variation among human Y chromosomes 

Sequence family variants (SFVs (i.e. SNPs between different copies of the same gene)) are found 

among several multicopy genes on the Y chromosome, such as DAZ and CDY1. In fact, many studies 

have used these variants to search for deletions of particular DAZ gene copies. However, such studies 

must be interpreted with caution since Y-Y gene conversion, as mentioned earlier, can easily lead to 

the disappearance of an SFV that subsequently might be mistaken for a deletion. It remains to be 

investigated whether SFVs result in different functionality of Y-chromosomal genes.  

Intragenic repeat variation on the Y chromosome is present within the DAZ gene family. The 

DAZ gene family (Reijo et al., 1995), is normally present in four copies (Saxena et al., 2000), and is 

partly deleted in men with gr/gr, b1/b3 or b2/b3 deletions (Fernandes et al., 2002),(Repping et al., 

2004). DAZ genes contain both an RNA recognition motif (RRM) repeat and a DAZ repeat, which 

appears to be involved in protein interaction (Yen, 2004).RRMs have been shown to vary in number 

between one and three copies, while DAZ repeats have been shown to vary in copy number and 

signature (Saxena et al., 2000; Skaletsky et al., 2003; Lin et al., 2005). Whether this intragenic repeat 

variation leads to functional differences between different DAZ copies is currently unknown. Recently, 

one study has attempted to correlate DAZ gene variability with spermatogenic phenotype variabilities, 

but could not detect such a correlation (Lin et al., 2005). 

Besides these rather small differences between different Y chromosomes, the Y chromosome 

also harbors several large-scale structural polymorphisms that include inversions, deletions, 

duplications and repeat-length variation. A recent study has analyzed the frequency of such structural 

variants in the context of the genealogical tree (Repping et al., 2006). Out of 47 branches examined, 

29 displayed variant architectures. In contrast to the detailed knowledge on the phenotypic effect of 

some deletions, there is only limited data available on the phenotypic characteristics of other structural 

variants. Given the fact that these structural variants affect large DNA segments, and that some alter 

gene copy numbers, structural polymorphisms could be a major source of Y-chromosome-linked 

phenotypic variation. Interestingly, the aforementioned study showed only limited variation in gene 

copy number between structurally rearranged Y-chromosomes, indicating possible selective 

constraints (Repping et al., 2006). 

Two studies have tried to investigate the effects of duplication variants on spermatogenesis 

using quantitative polymerase chain reaction (qPCR) (Writzl et al., 2005a; Writzl et al., 2005b). Both 

studies did not find any P5/P1 duplications nor an excess of AZFc duplications in men with 

spermatogenic failure. Similarly, a study that found duplications of the AZFa region could not correlate 

these duplications with phenotypes as no phenotype data was available (Bosch and Jobling, 2003).  
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Conclusions 

Our understanding of the Y-chromosome has increased tremendously over the past decade especially 

with the completion of the MSY sequence. Several deletions on the Y-chromosome are known to 

affect spermatogenesis and thereby male fertility. Certain deletions such as the gr/gr deletion display 

variable spermatogenic phenotypes and future research should focus on this variability by studying 

subsequent duplications, variation in genes that remain after such deletions, as well as other Y-

chromosomal variants, autosomal variants and environmental factors. In addition, it is equally 

important to determine the effect of structural variation other than deletions, focusing especially on 

variants that affect the copy number of testis-specific genes. Having come from the status of a genetic 

wasteland, the Y chromosome is again alive and kicking at the beginning of the 21st century. 
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