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ABSTRACT

Single-strand conformation polymorphism (SSCP) analysis of exon-containing genomic DNA
segments of the DAZL gene was performed in 163 infertile Taiwanese men presenting with severe
oligozoospermia and non-obstructive azoospermia. An A—>G transition at nucleotide 386 (386 A—
G) in exon 3 was identified. The mutation is located within the RNA recognition motif (RRM, aa
32-117) domain of the DAZL protein and will lead to Thr54—>Ala change (T54A) of DAZL protein.
Analysis of cDNA from testicular tissue of infertile carriers showed absence of expression for the
T54A allele, implying that T54A polymorphism is hardly, if ever, expressed at the RNA level. The
frequencies of T54A allele in patients and control group were 7.39% and 0.86%, respectively (P =
0.0003). The phenotypes varied significantly in cases with heterozygous T54A polymorphism,
ranging from hypospermatogenesis and maturation arrest to Sertoli cell-only syndrome. A
combination of DAZ gene deletion and T54A polymorphism did not worsen the phenotype. Our
findings provide strong evidence for the role of the autosomal DAZL gene in human

spermatogenesis.
Key Words: Single nucleotide polymorphism, DAZL gene, spermatogenic failure

INTRODUCTION

Approximately 5% of otherwise healthy men suffer from involuntary childlessness for which
no clinical explanation can be given . In roughly half of these cases the defect can be traced to the
man. In recent years, there has been an intensive search for genetic causes of male infertility, of
which spermatogenic failure is the most common form. Screening with markers on the long arm of
the human Y chromosome has detected Yq microdeletions in 5-15% of males with spermatogenic
failure. Among cases with Yq microdeletions, deletion involving the DAZ (Deleted in AZoospermia)
gene family represents the most frequent finding. The DAZ gene has an autosomal homologue,
DAZL (DAZ-Like), on chromosome 3p24. It is highly homologous to the DAZ gene, with 83%
similarity in the coding region of the cDNA. Both genes encode RNA-binding proteins. It is
believed that the DAZ gene arose 40 million years ago, during primate evolution, from the
transposition, repeat amplification, and pruning of an ancestral autosomal gene DAZL.
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We found that DAZL protein is expressed in different types of male germ cells and that the
concentrations of DAZL transcripts were lower in men with spermatogenic failure. To date, however,
there are no reported instances of DAZL gene mutations in infertile men. In the present study, we
have identified a single nucleotide polymorphism (SNP) in exon 3 of the DAZL gene. This SNP is
more prevalent in the group of patients with severe oligozoospermia and non-obstructive
azoospermia. To the best of our knowledge, this is the first report on the association of SNP of an
autosomal gene with susceptibility to severe spermatogenic failure.

RESULTS
SSCP and DNA sequencing analysis

The alteration in conformation of PCR product was detected as a change in electrophoretic

mobility in polyacrylamide gels. Of 11 exons examined, abnormal SSCP patterns were observed

with exon 2 and exon 3. The exons with aberrant bands were sequenced to identify molecular
lesions. Sequence analyses revealed an A—G transition at nucleotide 260 ( 260 A—G) in exon 2,

and an A—G transition at nucleotide 386 (386 A—G) inexon 3 .
T12A allele frequencies

Among 142 patients presenting with spermatogenic failure, 10 showed heterozygous T12A.
The allelic frequency was 3.52 %. The frequency of the T12A allele in the normal group was 2.59 %
(6/232). There was no difference in allelic frequency in T12A polymorphism between patients with
spermatogenic failure and control subjects (P =0.542).
TS4A allele frequencies

Among 142 patients presenting with spermatogenic failure, 21 showed heterozygous T54A
with an allele frequency of 7.39 % (21/284). The frequency of the T54A allele was 0.86 % (2/232)
in the control group. There was a significant difference in the allelic frequency of T54A
polymorphism between patients with spermatogenic failure and control subjects (P = 0.0003).
Sequencing analysis and mutation detection with testicular cDNA

Sequence analysis of testicular cDNA from 9 patients who were heterozygous for the T54A
polymorphism in their genomic DNA (No. 3, 10, 32, 35, 38, 40, 85, 97, 161) showed the wild type
allele only and there was absence of expected nucleotide substitution (386 A—G) in exon 3. The
T54A polymorphism are hardly, if ever, expressed at the RNA level.
Phenotypes and Y-deletion status in infertile patients with T54A polymorphism

A summary of 21 infertile patients with T54A polymorphisms, Y-chromosome microdeletion
status, and their corresponding testicular phenotypes are shown in Table 2 and Figure 5. Of the three
patients (nos. 85, 97, 165) with both T54A polymorphism and DAZ gene deletions, only 2 (nos.85,
97) showed testicular histopathology (maturation arrest and hypospermatogenesis, respectively). It
seems that a combination of DAZ gene deletion and T54A polymorphism did not worsen the
phenotypic expression. The infertile men with heterozygous T54A variant tended to have a higher
FSH, LH , prolactin levels, and lower testosterone level as compared with normal ranges of the Han
Chinese. However, the hormonal profiles did not differ significantly between infertile men with or
without T54A variant.



DISCUSSION

T54A polymorphism in exon 3 is more prevalent in patients with spermatogenic failure. This
polymorphism is located within the RNA recognition motif domain of the DAZL protein and will
create a protein with substitution of threonine by alanine in the 54" amino acid. Threonine in the
54™ amino acid is conserved for human DAZL, DAZ and mouse Dazl . It has been shown that RNA
recognition motif domain of both D4AZ and DAZL genes is associated with germ-cell specific
regulation of mRNA translation through binding to poly (A) RNA . Threonine in the 54™ amino
acid is conserved for both DAZ and DAZL genes and might be critical for the RNA-binding function.
We showed that RNA level is not detectable for the T54A allele in the testicular tissue of infertile
carriers. Presumably, TS4A polymorphism creates a transcript with impaired stability, which in turn
affects stability, editing, alternative polyA site selection, proper localization, or translational
activation/repression of target RNAs. Further studies are required to investigate the mechanisms
involving stability of the T54A transcript and the effect of this variant on proteins or RNAs
interacting with the DAZL protein. ’

The frequency of T54A was 0.86% and 7.39% in control subjects and infertile men,
respectively. The expected frequency of T54A homozygote would be 1 in 13521 and 1in 1 in 183 in
the control subjects and infertile men, respectively. It would be enlightening to observe the
phenotype of subjects homozygous for the T54A polymorphism. It is possible, however, that men
homozygous for the T54A variant may not be compatible with reproduction considering absence of
specific variant in the heterozygous carriers.

In the present study, we screened the polymorphisms out of the entire coding sequence of the
DAZL gene and identified a SNP (T54A variant) located within the RNA recognition motif domain.
We found an association between the T54A variant and a susceptibility to spermatogenic failure. To
the best of our knowledge, the TS4A variant of DAZL is the first SNP of autosomal genes associated
with a susceptibility to severe spermatogenic failure. Our finding provides strong evidence for the
role of the autosomal DAZL gene in human spermatogenesis.
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defect can be traced to BEEfit years, there has'been’
an intensive search for genetic causes of male infertility, of
which spermatogenic failure is the most common form. Screen-
ing with markers on the long arm of the human Y chromosome
has detected Yq microdeletions in 5-15% of males with sper-
matogenic failure. Among cases with Yq microdeletions, dele-
tion involving the DAZ (deleted in azoospermia) gene family
represents the most frequent finding (2-6). The DAZ gene has
an autosomal homolog, DAZL (DAZ-like), on chromosome
3p24. It is highly homologous to the DAZ gene, with 83%
similarity in the coding region of the cDNA. Both genes encode
RNA-binding proteins (7-10). It is believed that the DAZ gene
arose 40 million years ago, during primate evolution, from the
transposition, repeat amplification, and pruning of an ancestral
autosomal gene DAZL (7).
In addition to their presence in human beings, DAZ or-
thologs are present only on the Y chromosomes of great apes
and Old World monkeys. Other mammals have only the

autosomal DAZL gene (11-15). In many species, DAZL ho-

mologs are essential for the differentiation of germ cells. For
example, the loss of Boule results in a meiotic arrest and

Abbreviations: AZF, Azoospermia factor; DAZ, deleted in azoosper-
mia; DAZL, DAZ-like; PRL, prolactin; IRMA, immunoradiometric
assay; SCO, Sertoli cell-only syndrome; SNP, single-nucleotide poly-
morphism; SSCP, single-strand conformation polymorphism; STS,
sequence-tagged-site; T12A, Thr,—Ala change; T54A, Thrs;,—Ala
change.
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azoospermla in Drosophzla 16). A loss of germ cells and the
%absence of gérr%t roducion : rved in Dazlknock-

out mice. The $pel ﬁ‘fatogmc dé
pamallyaxescue*d y-the Xenopus-Xdazl gene (14). Similarly,
sterility of Dazl knockout mice was also partially rescued by
the human DAZ gene (17). These facts indicate functional
conservation of DAZ, Dazl, and Xdazl.

We have previously determined the expression patterns
and transcript concentrations of DAZL in the human testes.
We found that DAZL protein is expressed in different types
of male germ cells and that the concentrations of DAZL
transcripts were lower in men with spermatogenic failure
(18). These findings suggest the important roles of the DAZL
gene in human spermatogenesis. Another approach to in-
vestigate the role of DAZL is to detect mutations or poly-
morphisms in infertile men. To date, however, there are no
reported instances of DAZL gene mutations in infertile men.
In the present study, we have identified a single-nucleotide
polymorphism (SNP) in exon 3 of the DAZL gene. This SNP
is more prevalent in the group of patients with severe oli-
gozoospermia and nonobstructive azoospermia. To the best
of our knowledge, this is the first report on the association
of SNP of an autosomal gene with susceptibility to severe
spermatogenic failure.

Subjects and Methods
Subjects

From January 1997 to June 2000, we studied a total of 163 consecutive,
unselected infertile men presenting with severe oligozoospermia or
nonobstructive azoospermia. One hundred sixteen fertile men were
enrolled as controls. All study and control subjects belonged to Han
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Chinese, the major ethnic group in Taiwan (making up more than 95%
of the country’s population). They are distributed around 5 counties in
Southern Taiwan: Yun-Lin, Chia-Yi, Tainan, Kaoshiung, and Ping-Tung.
The control subjects were recruited from husbands of women who
received regular prenatal care at the University Hospital. All of the
control subjects had fathered at least 2 children without assisted repro-
ductive technologies. The experimental design was in accord with the
Helsinki Declaration of 1975 on human experimentation, and signed
informed consent was obtained for all enrollees. All patients underwent
comprehensive surveillance, including a detailed history taking, phys-
ical examination, at least 2 semen analyses, endocrinology profiles test-
ing [LH, FSH, prolactin (PRL), and testosterone], karyotyping, and a
molecular test for Y-chromosome microdeletions. Severe oligozoosper-
mia was defined as sperm count less than 5 X 10%/ml. In-patients with
highly suspected nonobstructive azoospermia were advised to undergo
bilateral testicular biopsies. Nonobstructive azoospermia was defined
as: 1) spermatogenic defects in the testicular biopsy [such as hyposper-
matogenesis, maturation arrest, and Sertoli cell-only syndrome (SCO)];
or 2) elevated serum FSH level, total testicular volume less than 30 mi,
and none of the other diagnoses applicable. Semen analysis was per-
formed according to the standard methods outlined by the World Health
Organization (1). Serum levels of FSH, LH, PRL, and testosterone were
measured by using commercial RIA kits: Coat-A-Count FSH immuno-
radiometric assay (IRMA), Coat-As@6HiitHH- IRMA Coat-A- Count P
IRMA, and IMMULITE ostic Products,
Angeles, CA). The inty on coefficients g
variation were 2.4% g
2.4% for PRL, and |
mosome analysis
Giemsa techniqueg
included a com
mapped to int
described in our fj
control subjects
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TABLE 1. Primer sets used for PCR
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containing 200 ng genomic DNA, 10 mm Tris-HCI (pH 8.3), 50 mm KCl,
0.1% Triton X-100, 200 uM deoxynucleotide triphosphates, 100 pmol of
each primer, and 1 U Tag DNA polymerase (Promega Corp., Madison,
WI). The primers and PCR conditions for different exons of DAZL gene
are listed in Table 1. PCR analyses were performed in an automated
thermal cycler (OmniGene Thermal Cycler; Hybaid Ltd., Ashford Mid-
dlesex, UK). PCR products of exons 5-6 were restricted into 295- and
230-bp fragments by Stul for SSCP analyses (Table 1). The PCR products,
with or without treatment by restriction enzymes, were mixed with an
equal volume of formamide buffer (95% formamide, 10 mm EDTA, 0.1%
bromophenol blue, 0.1% xylene cyanol). The mixtures were denatured
for 5 min at 95 C and were then cooled rapidly on ice for 1 min. For each
sample, 5-ul mixtures were subjected to SSCP analysis using GeneGel
Excel gels as recommended by the manufacturer (Pharmacia Biotech,
Uppsala, Sweden). Before analysis by SSCP, all PCR products had been
sequenced to assure that there was no cross-amplification with DAZ,
After SSCP analysis, the PCR products with aberrant band-shift were
subjected to sequence analysis to identify mutations or polymorphisms.
Sequence analysis was performed with an automatic sequencer (ABI 377;
PE Applied Biosystems, Foster City, CA).

Mutation detection by restriction enzymes in genomic DNA
A mutation in exon 2 of the DAZL gene was digested with Ddel (BM

onchemxca Mannheim, Germany) and separated on a 2.5% agarose gel.

A mutatifn ih exon 3 was digested with Alul (BM Biochemica) and
gepar' ted onta 12% polyacrylamide gel.

i

“Confirmation of DAZL variants with testicular cDNA

Theesticular tissug from patwm,s was stared.in liquid: -pitregen using
otectantuint use, Be are the 1solauon of total
cellu’.lar RNA, each spe men was sficéq intg lO*p. “thick pieces RT-PCR

¢ . wasperforméd aecording fo methods déscribed previGusly (18). In brief,

total cellular RNA was extracted using standard methods (High Pure
RNA Tissue Kit; Roche Molecular Biochemicals, Indianapolis, IN) and
~quantified by-fotal absor‘banc m&z&o ni ggdl the synthesis of cDNA,

12-plaliquots of mast cont RNA, 1 uloligo(dT),,_5
primgr {500 ng/ ;ﬁ echn ogies, Inc., Grand Island, NY), and 9 ul
“DEPC-tréa erdweré hedted to-#0 C for 10 min and put on ice.

RT-PCRs were performed in 20-ul aliquots containing master mixture,
4 pl 5X first-strand synthesis buffer, 0.1 M dithiothreitol, 10 mm of each

c d

Amp.” frag. Primer pairs Primer sequence’ ?:r::alc (mni)méCl ) Pmd(ll::;) size

Exon 1 DAZL!-F CCACGCGCCCCGATACCCGGC 73 1.2 303
DAZL1-R GTGAGTTGAGGGAGAGGCCCGAG

Exon 2 DAZL2-F CCTGTGTATCTAATTATGATG 56 1.5 264
DAZL2-R CCTTAAGTTTGTAACAGGGCC

Exon 3 DAZL3-F GAATGCTGAATTTTTACTCTTGAAG 62 1.5 181
DAZL3-R CTCTATACGTGGCTAGAGTTC

Exon 4 DAZL4-F GTCATGATCACTTCCGTATATAG 60 1.5 210
DAZL4-R ACTGAGTATATCACTTGACAC

Exons 5-6 DAZL56-F GGGTAAGGTAGCTTCATGATG 58 1.5 525
DAZL56-R GTAATTCCACAGAAGGTACGAT (295 & 230)°

Exon 7 DAZL7-F GAATTCTGCATTGTTGTATATAG 60 1.5 291
DAZL7-R AAATGACAAACCATTCAGACAA

Exon 8 DAZLS8-F AGGAGCCAGCATGATAAGTAC 56 2.5 230
DAZL8-R CGATCAAGAAATATAGTTAACCC

Exon 9 DAZL9-F CTGTATATCTGTTTAATTACAC 60 1.5 243
DAZL9-R GCTGAAGGATGATTGCTTCTC

Exon 10 DAZL10-F GAGTGAGTGAAAGAGTGGTC 62 1.5 202
DAZL10-R CTTTAAAGCTAACAAGTGTGC

Exon 11 DAZL11-F AGTAAAAGGACTCTTTCCGTC 60 1.5 254
DAZL11-R TCTAATGAAGAACAGTTTAGG

2 Amp. frag., Amplified fragment.

®The nucleotide sequences in Chai et al. (10}.

¢ Anneal. temp. C, Annealing temperature in degrees Centigrade.
9 Cond. (mmol/MgCl,), Conditions.

“The PCR product was digested with restriction enzyme Stul. The numbers are the digested fragment lengths.
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deoxynucleotide triphosphate, and 200 U Superscript Il RNase H™ re-
verse transcriptase (Life Technologies, Inc.). The reverse transcriptase
temperature profile was 42 C for 1 h, 75 C for 15 min, and final cooling
to 4 C. The cDNA was aliquoted and stored at -20 C until use. Primers
for the first round of PCR were 5'-CACGCCTCAGTCCGCCTGCGC-3’
(nucleotides 1-21, sense) and 5'-TCAGACCAACAAAATTCTGAC-3’
(nucleotides 1562-1582, antisense) (9) for amplification of the whole
coding region of DAZL transcript. The PCR reactions were carried out
at 94 C for 1 min, 55 C for 1 min, and 72 C for 1.5 min for 40 cycles, with
a final extension at 72 C for 10 min. The PCR products were subjected
to sequence analysis to identify mutations or polymorphisms. Sequence
analysis was performed as previous described. For confirmation of T54A
(Thrs,— Ala change) variant by the restriction enzyme, a second round
of PCR was performed using products of the first round PCR as tem-
plates. Primers for nested PCR were 5'-TTCATCTTTGGCTCCTTT-
GAC-3' (nucleotides 91-111, sense) and 5-CATATCTAGCAAAGAG-
GCTTC-3' (nucleotides 396 - 416, antisense) for DAZL 5' end fragment.
The PCR reactions were carried out at 94 C for 1 min, 62 C for 1 min,
and 72 C for 1 min for 40 cycles, with a final extension at 72 C for 10 min.
The PCR products containing DAZL 5' end cDNA fragment were
digested with Alul (BM Biochemica) and separated on an 8% polyacryl-
amide gel.

Statistical analysis

The allelic frequency,
harboring polymorph
analyzed. Data wer,
P value < 0.05 w

Patient chara

Among the
17 with 47, XX
11: 46,XY, inv (8]}
rearrangements of th
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et 0SS strucgural
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SSCP and DNA sequencing analysis

Except for fragments containing exons 5 and 6, PCR prod-
ucts had been digested by restriction enzymes for SSCP anal-
yses. The alteration in conformation was detected as a change
in electrophoretic mobility in polyacrylamide gels. Of 11
exons examined, abnormal SSCP patterns were observed
with exon 2 and exon 3 (Fig. 1). The exons with aberrant
bands were sequenced to identify molecular lesions. Se-

A 1 2 3
B 1 2 3
F16. 1. SSCP analyses of PCR products spanning (A) the exon 2 and

(B) exon 3 of DAZL. Stars, Bands representing the major conformers
of mutant alleles.
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quence analyses revealed an A—G transition at nucleotide
260 in exon 2, and an A—G transition at nucleotide 386 in
exon 3 (Fig. 2).

Mutation detection by restriction enzymes in genomic DNA

The mutation in exon 2 leads to a Thr;,—Ala change
(T12A) of the DAZL protein. The T12A variant creates a Ddel
restriction site (CTNAG). On digestion, gel electrophoresis
showed 67- and 197-bp fragments for the variant, instead of
the 264-bp fragments for the wild-type allele (Fig. 3A). The
mutation in exon 3 leads to a T54A of DAZL protein. The
T54A variant creates an Alul restriction site (AGCT). After
restriction enzyme digestion, gel electrophoresis showed 53-,
13-, and 115-bp fragments for the variant, instead of the 66-
and 115-bp fragments for the wild-type allele (Fig. 3B).

T12A allele frequencies

Among 142 patients presenting with spermatogenic fail-
ure, 10 showed heterozygous T12A. The allelic frequency

"% was §;_5_2%3«QO of 284). The frequency of the TI2A allele in the

§orn§al roj)p was 2.59% (6 of 232). There was no difference
gﬂ“ﬁltjg\:li@ téquency in T12A polymorphism between patients

“with’'spermatogenic failure and control subjects (P = 0.542).

TR TYIT
prese%rt«i&gg “Eithgs%girl ogenic fail-
gousT54A with an‘alle]e frequency

&
"

cy Of T54A polymorphism
th spermatogenic failure and control

between patients:

Lack of association between T12A and T54A alleles

Among 10 patients with T12A polymorphism, 3 patients
(nos. 129, 161, and 171) also had T54A polymorphism.

A TI12A

AACTCAACCATCT
GCC

B TS4A

ATGAAACTGAG
GCT

F1G. 2. DNA sequence analysis of the PCR products containing ab-
errant SSCP conformers. A, The exon 2 of DAZL harbors a A—G
transition, which results in a threonine (ACC) to alanine (GCC) sub-
stitution at codon 12 (T12A); B, the exon 3 of DAZL harbors an A—~G
transition, which results in a threonine (ACT) to alanine (GCT) sub-
stitution at codon 54 (T54A).
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Among 6 control subjects with T12A polymorphism, no one
had T54A polymorphism (P = 0.1366). Among 21 patients
with T54A polymorphism, only 3 (nos. 129, 161, and 171)
were found to have T12A polymorphism (Table 2). Among
2 control subjects with T54A polymorphism, no one had
T12A polymorphism (P = 0.5665). Therefore, the T12A allele
is not linked with T54A allele.

Sequencing analysis and mutation detection with
testicular cDNA

Sequence analysis of testicular cONA from nine patients
who were heterozygous for the T54A polymorphism in their
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genomic DNA (nos. 3, 10, 32, 35, 38, 40, 85, 97, and 161)
showed the wild-type allele only, and there was absence of
expected nucleotide substitution (386 A— G transition at nu-
cleotide 386) in exon 3 (Fig. 4A). There were no other mu-
tations or polymorphisms detected in the coding region of
DAZL using testicular cDNA. After restriction enzyme di-
gestion by Alul for the DAZL 5' end ¢cDNA fragment, the
wild-type allele is expected to show 206- and 121-bp frag-
ments instead of the 206-, 91-, and 30-bp fragments for the
mutant allele. There are no 91- and 30-bp fragments in all of
the patients’ samples (Fig. 4B), implying that T54A allele is
hardly, if ever, expressed at the RNA level.

Phenotypes and Y deletion status in infertile patients with
T54A polymorphism

A summary of 21 infertile patients with T54A polymor-
phisms, Y-chromosome microdeletion status, and their corre-
sponding testicular phenotypes are shown in Table 2 and Fig. 5.
+ Briefly, none of control subjects carried Y-chromosomal dele-
ions, Of the 21 patients with T54A polymorphism, testicular

fustopatgologles were found in 9 patients. Their testicular
phenotypes varied from hypospermatogenesis (2 patients) and
“maturation“arrest (2 patients) to SCO (5 patients). No specific

T54A variant and phenotype correlatmn could be addressed.
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both T54A polymorphis
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d DAZ ene deletions, only 2 (nos.
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and control subjects (lanes digested with Al d ‘binationof. DA Zgenedeletion andT54A polymorphism did not

resolved on 12% polyacrylamide g molecular weight marker.

worsen the phenotypic expression. Some of infertile men het-
erozygous for the T54A allele had higher FSH, LH, or PRL

TABLE 2. Clinical features and T12A polymorphism in 21 men with T54A polymorphism

LH* T™* PRL?

::;i:: Age (years) Sperm count (X 10%/ml) (,:]%I;Im]) (mIU/mi) (ng/dl) (ng/mi) Biopsy” TI12A¢

3 39 Azoospermia 14.4 2.67 3.00 7.70 MA —/=
10 30 Azoospermia 24.6 8.9 3.6 26.8 SCO =/=
12 35 Azoospermia 4.5 4 2.7 12 NA -/=
18 46 Azoospermia 2.10 1.11 79 11.8 NA -/=
32 39 Azoospermia 4.00 0.74 6.90 4.00 HS -/=
33 39 Azoospermia 7.20 1.38 4.30 4.40 NA ~/-
35 31 Azoospermia 9.20 2.00 3.50 10.2 SCO (-
38 28 Azoospermia 15.6 4.10 1.80 85.4 SCO /-
40 37 Azoospermia 22.7 6.70 1.60 32.0 SCO =/-
50 31 Azoospermia 27.70 11.88 2.20 14.0 NA -/-
64 42 2.6 22.1 5.3 3.1 15.2 NA -/=
81 38 Azoospermia 34.1 4.46 0.96 30.1 NA -/-
85 26 Azoospermia 10.1 1.8 38 7.3 MA -/=
97 35 Azoospermia 13.7 39 6.6 8.8 HS —/=
129 44 Azoospermia 38.9 13.26 2.3 25.7 NA +/-
131 29 1.2 24.7 153 3.1 8.6 NA -/=
147 36 4.9 7.4 6.5 38 7.4 NA —/=
161 30 Azoospermia 41.1 12.61 5.2 7.8 SCO +/-
165 27 3.2 8.5 5.2 3.7 9.2 NA —/=
166 41 0.7 16.3 5.2 4.7 83 NA =/=
171 34 33 11.3 2.5 4.1 8.2 NA +/=

# Normal ranges of hormone profiles in the Han Chinese are: FSH = 1-14 mIU/ml. LH = 1.5-9.2 mIU/ml, TT = 2.7-10.7 ng/dl, PRL = 3.1-16.5

ng/ml.

»HS, Hypospermatogenesis; MA, maturation arrest; NA, not available; TT, testosterone.

“+ and —, Presence and absence of T12A allele, respectively.
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GAGGAATTGATG TTAGGATGGATG AAACTG AGATTAGAAGCCTCTITGCTA

F16. 4. DAZL cDNA sequencing and mutation detection
of the mutant allele by enzymatic digestion. A, DNA
sequence analysis of DAZL cDNA fragments. The cDNA
of DAZL didn't harbor the A—G transition. The 386th
nucleotide is marked by the arrow. B, The DAZL 5'-end
cDNA fragments (lanes 1-9 representing cases 3, 10, 32,
35, 38, 40, 85, 97, and 161, respectively; and lane 10
representing a normal subject) were digested by A/ul and
resolved on an 8% polyacrylamide gel. The mutant allele
is expected to show 201-, 91-, and 30-bp fragments. There
are no 91- and 30-bp fragments in all of the nine testicular
specimens of infertile carriers. M, molecular weight marker. 121«
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Fi6. 5. The Y-chromosomal map of patients with T54A polymorphism and spermatogenic failure. Presence of a gene or STS is indicated by
a vertical black bar, and absence of a gene or STS is indicated by the absence of any symbol. A thin vertical line represents positive PCR results
and should be considered presence of a specific gene on the Y chromosome. Testicular histology abbreviations: HS, hypospermatogenesis; MA,

maturation arrest; NA, not available.

levels, and a lower level of testosterone (Table 2). However, the
hormonal profiles did not differ significantly between infertile
men, with or without T54A variant (data now shown).

Discussion

Yen et al. (9) have described three other putative poly-
morphisms of the DAZL gene, of which the frequencies and
significance in infertile men were not addressed. In the
present study, we screened the entire coding sequences of

DAZL gene, and two SNPs were identified. The frequencies
of the two alleles were calculated for the Taiwanese popu-
lation. The T12A polymorphism is most likely a true variant,
given a high prevalence rate in normal fertile men. In con-
trast, T54A polymorphism in exon 3 is more prevalent in
patients with spermatogenic failure. This polymorphism is
located within the RNA recognition motif domain of the
DAZL protein and will create a protein with substitution of
threonine by alanine in the 54th amino acid.
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Comparative analysis of 86-residue RNA recognition mo-
tif domain of human DAZL, human DAZ, and mouse Dazl
reveals that human DAZL and mouse Dazl differ by only one
amino acid substitution, whereas both differ from human
Y-encoded DAZ at nine residues (7). Threonine in the 54th
amino acid is conserved for human DAZL, DAZ, and mouse
Dazl (Fig. 6) (8). It has been shown that RNA recognition
motif domain of both DAZ and DAZL genes is associated
with germ-cell-specific regulation of mRNA translation
through binding to poly (A) RNA (22). The 54th amino acid
of DAZL and DAZ is not in the RNP-1 and RNP-2 regions
(8). but it is in the highly conserved region of DAZ family
proteins, which may be the major determinants of RNA-
binding specificity (23). Threonine in the 54th amino acid is
conserved for both DAZ and DAZL genes and might be
critical for the RNA-binding function (Fig. 6). We showed
that the specific transcript is not detectable for the T54A allele
in all infertile carriers with testicular tissues available. Pre-
sumably, T54A polymorphlsm es a transcript with im-
paired stability, which, | Is stability, editing,.al-..
ternative polyA site : "«-locahzatlon Qr
translational activa

with DAZ

The functio
From the prot
DAZLis invol
(18, 26, 27). Ex
beings, a single
tain spermatogenesis

and Old World monkeys are still unclear. It has been sug-
gested that the DAZ gene cluster may give a quantitative
dosage effect to provide a reproductive advantage during
evolution (28). In support of that view, DAZ and DAZL genes
are functionally complementary or synergistic to each other.
However, results of the present study and previous inves-
tigations seem to prefer a certain degree of redundancy for
the DAZ family. Deletions of Yq involving the DAZ gene are
associated with a variable phenotypic expression that can
include normal fertility (4-6, 19, 21, 29). In the present study,

Fic. 6. Comparison of the putative translation products encoded by
mouse Dazl, DAZL, and DAZ within their RNA-recognition motif (aa
32-117) domains. The 54th aa is marked by the arrow. The highly
conserved protein boxes of the RNA-recognition motif domain [RNP-1
(an octapeptide) and RNP-2 (a hexapeptide)] are marked. Protein
sequences were aligned by the software PRETTYBOX, highlighting
identical amino acids by black boxes.
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the phenotypes varied significantly in cases with heterozy-
gous T54A polymorphism alone. Even more intriguingly,
patients with a combination of DAZ gene deletion and T54A
polymorphism, such as patient no. 97, may still retain some
degree of spermatogenesis. Apparently, other genes in-
volved in spermatogenesis also contribute to the phenotypic
expression.

Lilford et al. (30) suggested that up to 60% of undiagnosed
male infertility arises from autosomal recessive mutations.
DAZL seems to be an attractive candidate for autosomal
recessive infertility. In the mice, the dosage effect of Dazl gene
mutation on the testicular phenotype is obvious. Male mice
lacking one allele of Dzal gene showed reduced sperm counts
and a high level of abnormal sperm. Male mice with Dazl
being completely knocked out showed almost an absence of
germ cells (16). In our study, men heterozygous for the T54A
polymorphism are susceptible to the development of sper-
matogenic failure, a finding consistent with the dosage effect
observed in the transgenic mice model. The frequency of
. T54A was 0.86% and 7.39% in control subjects and infertile
men respectlvely The expected frequency of T54A homozy-

zote Would, be 1in 13,521 and 1 in 183 in the control subjects
nd {nfe tlle men, respectively. It would be enlightening to
“Observe tHe ] phenotype of subjects homozygous for the T54A
polymorphism. It is possible that men homozygous for the
5, TOAA varla{gtmay not bé compatiple Wlthreptoiiumﬁon con-
sidering the absen%e{i)f a spegific ?ar a'm%fn the infertile
b, A FE R " |
Krausz et al. (31) have 1dent1ﬁed a Y chromosome haplo-
e[m counts. During pri-
stéﬁarose by transposing

“amplificatioh-6f t eﬂ*ansgposed nit (7, 32). Therefore, it is
tempting to hypothesize that some haplotypes around the
DAZL locus may predispose to spermatogenic defects or
deletion formation of Y chromosome. In the present study,
however, we only screened coding sequences of the DAZL
gene. No attempts have been made to search haplotypes
around the DAZL locus. Nor did we try to show the asso-
ciation between DAZL variants with deletion of DAZ gene
cluster attributable to the small sample size of cases (only
four) with Y deletions. Additional studies are required to
confirm or deny the hypothesis.

Other genetic factors have been shown to be associated
with impaired production of human sperm. These include
HLA-haplotypes, mutations at the mitochondrial DNA poly-
merase locus, and a polymorphism of cytochrome P4501A1
(33-35). The association between short CAG repeat expan-
sion in X-linked androgen receptor genes and the risk of
impaired spermatogenesis remains uncertain (36). Indeed,
the Online Mendelian Inheritance in Man database (http://
www.ncbi.nlm.nih.gov/omin/) lists about 50 monogenic
disorders associated with male infertility, all of which are
always associated with a complex phenotypic expression
other than male infertility. In the present study, we screened
the polymorphisms out of the entire coding sequence of the
DAZL gene and identified a SNP (T54A variant) located
within the RNA recognition motif domain. We found an
association between the T54A variant and a susceptibility to
spermatogenic failure. To the best of our knowledge, the
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T54A variant of DAZL is the first SNP of autosomal genes
associated with a susceptibility to severe spermatogenic fail-
ure. Our finding provides strong evidence for the role of the
autosomal DAZL gene in human spermatogenesis.
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