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Abstract

The position of deletion breakpoints in a
series of four AZFa male infertility pa-
tients has been refined using new markers
derived from BAC clone DNA sequence
covering the AZFa male infertility inter-
val. The proximal half of the AZFa interval
is occupied by pseudogene sequences with
homology to Xp22. The distal half contains
an anonymous expressed sequence tag
(named AZFaTl) found transcribed in
brain, testis, and skeletal muscle and the
DFFRY and DBY genes. All the patients
have AZFaT1 and DFFRY deleted in their
entirety and three patients additionally
have DBY deleted. The three patients with
AZFaTl1, DFFRY, and DBY deleted show a
severe Sertoli cell only syndrome type I
phenotype, whereas the patient that has
retained DBY shows a milder oligo-
zoospermic phenotype. The expression of
DBY in a cell line from this latter patient is
unaltered; this shows that it is the loss of
genes lying within the deletion that is
responsible for the observed oligozoosper-
mia. RT-PCR analysis of mouse testis
RNA from normal and XXSx7r* mice
(devoid of germ cells) has shown that Dby
is expressed primarily in somatic cells and
that the level of expression is unaltered
during germ cell differentiation. This
contrasts with Dffry where no transcripts
are detectable in XXSx7"* mouse testis and
expression occurs specifically in testis
mRNA in a germ cell dependent fashion.
(F Med Genet 1999;36:670-677)
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It is estimated that 10% of infertile men have
terminal or interstitial deletions including
critical segments of the Y chromosome long
arm."" At least three critical regions have been
defined by deletion analysis, AZFa in proximal
Yq and both AZFb and AZFc in the distal Yq
euchromatin.” Recent analysis has suggested
that a fourth interval (AZFd) is present
between AZFb and AZFc.'* In the majority of
cases involving the AZFa interval, a Sertoli cell
only (SCO) syndrome phenotype is observed®;
either no germ cells are visible in any semini-
ferous tubules (SCO I) or germ cells are
present in a minority of tubules. This latter
variant arises from a failure to complete differ-

entiation and maturation of spermatocytes and
spermatids, leading to degeneration of germ
cells within most tubules (SCO II). Inability to
recover mature sperm in men with AZFb
deletions” suggests that this region is also
associated with early blocks in germ cell differ-
entiation.

The AZFa interval has been estimated to
span 400-600 kb of DNA' and includes at
least one functional gene, DFFRY." ' The
DFFRY gene has an X chromosome homo-
logue in Xpll.4 that escapes X inactivation
and both genes are expressed in a wide range of
tissues.” Comparative mapping studies have
shown that the mouse orthologue of DFFRY
(Dffry) is located in the Sxi* deletion interval of
the mouse Y chromosome short arm."”. This
interval is associated with the Spy sperma-
togenic phenotype, which is characterised by a
failure of spermatogonial proliferation.” *! Very
few germ cells beyond the spermatogonial
stages can be found and this resembles more
closely the SCO II phenotype. More recent
comparative mapping studies have shown that
two further X-Y homologous genes, Dby (Dead
box on the Y) and Uzy (Ubiquitous transcribed
tetratricopeptide repeat gene on the Y chromo-
some), are located in the Sx interval.”* > For
both of these genes the human orthologues are
located in proximal Yq adjacent to DFFRY and
are also expressed ubiquitously.'”® The centro-
mere to telomere order of these genes (DFFRY-
DBY-UTY) is the same on both the mouse and
human Y chromosomes, indicating that the
Sx interval and proximal Yql1.2 represent a
conserved syntenic segment.”” This suggests
that these genes represent an ancient organis-
ation on the Y chromosome which predates the
divergence of the human and mouse lineages
and that a shared conserved gene(s) may
underlie the spermatogenic phenotypes ob-
served in both species.

The existing AZFa PAC contig has been
extended using previously published STS
markers and by end clone analysis. Sequence of
bacterial artificial chromosome (BAC) clones,
contributed to GENBANK by the Whitehead
Institute/MIT Center for Genome Research,
has allowed further markers to be developed
for this region. These new STSs allowed
confirmation of the PAC contig and refinement
of four patients’ breakpoints, three of which
had been reported previously."’

The BAC clone sequences were analysed for
predicted gene content. The critical region of
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Table 1 New STS markers

STS P1 P2 T et CC) Size (bp)
83D22T7 tcagagcagcctgagtagea tgggactaaaggaacatgcc 57 123
203-44K gaagaaaggtctgectgtge atcacctgctggactcgttc 59 154
203-93K tctgaggacacactggttgg atatgaatgggacgaggagg 57 144
203TEL tgatgaattctctgggaggg gctatgttgcaaggeagtca 57 205
264TEL ctattttggettttgetgee ttgcatcecttecttacacc 57 140
475TEL gcccagtectggtttcagac gagaccctctcatattgttttatattg 57 142
494CEN tccccaatcecteectatac ttacaccaccaaggagggag 59 296
494-130K gaggaaatacggatttgggg cttcaccatcccttgtctce 58 107
494-146K cacacaacccatgctaaacg atggcttcatcccaactgag 58 294
UTY exonl atgaaatcctgegeagtgtc ctcgactgtcaggetaacag 57 123
(omj476) (omj477)

overlap of all four patients contains only three
transcribed sequences. In addition to DFFRY
and DBY, an anonymous expressed sequence
tag (AZFaT1l) has been mapped. Correlation
of patient phenotype to the presence or
absence of these three sequences suggests that
deficiency of DFFRY or AZFaTl or both is
associated with an oligozoospermia phenotype
in one case. The more severe SCO I phenotype
seen in the other three patients may reflect the
additional loss of DBY.

The expression patterns of mouse Dby in
mouse testis mRNA and human AZFaT1 in a
range of human tissue mRNAs have also been
investigated and compared with those of mouse
Dffry and human DFFRY in the same tissues.
Human DBY expression in deleted and
non-deleted cell lines has also been examined.

Materials and methods

SCREENING THE PAC LIBRARY

The RPCI1 library was screened by PCR using
primers for established STS markers* * and
new STSs derived from BAC sequence. For
first round screening the pools were grown in
10 ml of culture medium as recommended by
the HGMP Resource Centre and DNA was
prepared using the standard protocol supplied.
An additional phenol:chloroform extraction
and ethanol precipitation was used to remove
RNase. Second and subsequent PCR reactions
were performed on cell suspensions with
RNase added to the PCR reaction mix at a final
concentration of 50 ng/ul. PCR reactions were
carried out in 10 pl in the presence of 250
nmol/l primers, 200 pmol/l dNTPs, and 1 X
buffer (10 mmol/l Tris-HCl, pH 9.0, 1.5
mmol/l MgCl,, 50 mmol/l KCl, 1% Triton
X-100, 0.1% gelatin) with “Super Taq” Taq
polymerase (HT Biotechnology Ltd, Cam-
bridge, UK). Cycling conditions for all PCRs
were 95°C for 2.5 minutes followed by 35
cycles of 95°C for 20 seconds, T, for 30 sec-
onds, 72°C for 30 seconds, and a final
extension at 72°C for 10 minutes. Annealing
temperatures for new STS markers are given in
table 1.

Additional clones from RPCI 3, 4, and 5
libraries were isolated by hybridisation with
existing probes and end clones from the contig
arrays. Overlaps were confirmed by hybridisa-
tion, PCR, and Alu fingerprint analysis.

ANNOTATION OF BAC DATA
BLASTN searching with known genes and
STS markers identified BAC clone sequences
from Yq. Segments of the BAC sequences were
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analysed through the NIX program at the
HGMP resource centre. Results were reas-
sessed through standard BLASTN searches to
allow final alignment upon the genomic map.

PATIENTS

The three patients SAYER, JOLAR, and
ELTOR are described in Brown ez a/'” and ref-
erences therein. Briefly, JOLAR and ELTOR
presented with azoospermia and infertility.
Testicular biopsy of ELTOR showed the
absence of germ cells, medium sized seminifer-
ous tubules with minimally thickened basal
laminae, and normal numbers of interstitial
cells in the stroma. This is typical of SCO 1.
Analysis of testicular biopsies for JOLAR and
AZ539 indicated the typical features of SCO 1.
Patient SAYER presented with infertility and
oligozoospermia with poor sperm motility.
Testicular biopsy of patient SAYER showed
seminiferous tubules of normal dimensions,
with most containing small or moderate num-
bers of mature spermatozoa. Occasional tu-
bules contained only spermatids, spermato-
cytes, or spermatogonia. Sertoli cell content
was found to be increased. Interstitial cell
numbers were normal. The sperm count was 3
x 10°ml. FISH analysis of patient line SAYER
and W2 normal male lymphoblastoid cell line
with PAC 290119 was performed as described
in Zheng et al.*®

PATIENT PCR
Patient DNA was analysed by PCR under the
same conditions used for screening the PAC
libraries. Each was carried out in a 20 pl reac-
tion contained 100 ng of total human DNA.

RT-PCR

Total RNA was prepared from patient cell line
SAYER, normal male lymphoblastoid cell line
W2, and normal female lymphoblastoid cell
line NF1 using TRI-Reagent (Sigma) follow-
ing the manufacturer’s protocols. Additional
poly(A)* RNA from skeletal muscle, liver,
brain, and testis was purchased from
Clonetech. One pg of total cell line RNA or tis-
sue specific poly A(+) RNA was reverse
transcribed using the reverse transcription sys-
tem from Promega. For AZFaT1 amplifica-
tion, patient and control male and female RT
products were used undiluted and tissue
specific RT products were diluted tenfold,
before PCR amplification. Actin amplification
was used as a control.

Linear phase was achieved for PCR of control
male first strand cDNA with actin, DBY, and
UTY primers. PCR reactions were sampled at
points between 21 and 33 cycles, with varying
dilutions of template. Patient and control
samples were standardised by PCR with the
actin primers in the linear phase (25 cycles,
1/100 dilution of template) before PCR with
DBY and UTY. All PCR reactions were carried
out under standard conditions, as described
above. For PCR of DBY the primers DBYF
(5'-CTAGTATTCATGGAGACCGG-3") and
DBYR (5-TGTAAGGGTGACTTTGCTGC-
3") were used with annealing temperature of
55°C. UTY 3'-UTR” and actin primers'’ were
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also used (DBY, 31 cycles and 1/10th dilution of
the template; UTY, 31 cycles and stock RT
template).

RT-PCR expression analysis of mouse
staged testis tissue used total RNA from
mouse testis at 17 and 18 days post coitum,
0.5, 3.5, 7.5, 10.5, and 21 days post partum
isolated using TRI-reagent (Sigma). Also,
poly(A)" RNA was prepared from fresh mouse
ovary tissue from the MF1 random bred strain
and the testes of XX Sx7 mice using the Dyna-
beads mRNA Direct kit (Dynal) following the
manufacturer’s protocol. These isolated RNA
samples were reverse transcribed as described
above. For PCR of Dby, the primers DbyF
5-TTGGTGGCATTGTGTCCTGC-3" and
DbyR 5'-AGAGGTGGCTTATGAGTATTT
CTTC-3"" were used on 1 ul RT product in a
standard PCR (see above) with an annealing
temperature of 60°C. Primer sequences and
reaction conditions for Dffrx, Dffry, and Pgk2
are as previously described."”

SEQUENCING

All sequencing reactions were carried out using
the Thermo Sequenase dye terminator cycle
sequencing premix kit from Amersham Phar-
macia. Samples were run using a stretch 373
Perkin-Elmer sequencer.

Results

CHARACTERISATION OF AZFa PAC CONTIGS AND
BAC CLONE DNA SEQUENCES

Previous work from this laboratory had
developed a PAC and YAC contig across the
AZFa region and identified the DFFRY gene."”
Recently, the complete DNA sequence (800
kb) of a series of BAC clones that cover the
AZFa region has been contributed to
GENBANK and this has provided sequence to
design new STS markers. The PAC contig has
been characterised and extended using new
and established STS markers and is shown in
fig 1. The internal consistency between
marker order based on the depth of coverage
in the PAC contig and the predominantly
single fold coverage of the BAC sequence
contig increases confidence in the results of
gene prediction on this body of sequence
data.

Little annotation had been performed on
the DNA sequence derived from these BAC
clones. Through the application of the NIX
program (available from the UK Human
Gene Mapping Project Resource Centre,
HGMPRC), the potential genes and pseudo-
genes encoded by this 800 kb of DNA have
been documented and these are also summa-
rised in fig 1. The first 400 kb of the sequence
appears to be almost entirely occupied by
non-functional pseudogenes that have related
sequences mapping to Xp22, and this region is
not likely to be involved in contributing to the
AZFa phenotype. The remaining 400 kb of
sequence contains homology to an anonymous
EST (named AZFaTl, see below), the
DFFRY'™™ and DBY" genes. DFFRY covers
170 kb of DNA and comparison to the known
cDNA sequence'” '* has shown that it is com-
posed of at least 46 exons. It should be noted
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that the first 719 bp of the DFFRY transcript
described by Lahn and Page'® is absent from
the BAC clone sequence, suggesting that this
5'UTR region may be a cloning artefact. DBY
is a much smaller gene with the coding region
covering 17 kb of DNA and is composed of 17
exons. The established marker GMGY6 spans
exon 1 of the DBY gene. The white box above
the DFFRY gene indicates the position of
sequences related to the CDY gene contained
within intron 27 of DFFRY. Two further Y
linked members of this family have been
mapped to Yq.”’

PATIENT BREAKPOINT ANALYSIS

Genomic DNA from three patients was
analysed using established and new STS mark-
ers. For patient JOLAR, fig 1 summarises
historical data because of the unavailablity of
an established cell line. The proximal break-
point in the new patient (AZ539) considerably
reduces the critical AZFa region to approxi-
mately 400 kb as determined from BAC DNA
sequencing. AZFaT1 and DFFRY are deleted
in all four patients, whereas patients AZ539,
JOLAR, and ELTOR additionally have DBY
deleted. None of the three patients tested have
the UTY gene deleted. It is interesting to note
that patient SAYER, lacking AZFaT1l and
DFFRY but retaining DBY, has a milder oligo-
zoospermia phenotype as compared to the Ser-
toli cell only syndrome found in the other three
cases.

AZFaT1 PARTIAL SEQUENCE AND EXPRESSION
BLASTN interrogation of the sequence data-
bases with BAC clone 69h8 sequence showed
almost 100% identity to two ESTs (IMAGE
clone 647985; 5' EST AA204659 and 3' EST
AA207105)*® present in DBEST. This ex-
pressed sequence has been named AZFaTl.
Sequence analysis of the IMAGE Consortium
(LLNL) cDNA clone (from a Stratagene
human hNT neurone cDNA library) and com-
parison to BAC clone sequence has shown the
intron/exon structure of the 3' segment of this
potential gene (fig 2A). The sequence from the
cDNA clone has a short open reading frame
and a large 3' UTR (containing a consensus
poly A addition signal) terminated with a poly
A tail. The 3' end of AZFaT1 is 12 kb upstream
from the 5' end of DFFRY and the cDNA
sequence extends over 27 kb of genomic DNA.
Despite several attempts at 5' RACE and
screening for more cDNA clones, it has not
been possible to determine further 5' se-
quences. No significant matches to known
genes have been identified with the AZFaTl1
sequence. A second IMAGE Consortium
(LLNL) cDNA clone (clone ID 649085) starts
9 kb upstream of DFFRY showing similarities
to several ESTs containing Alu-like sequence.
This clone ends 158 bp from the 3' end of
AZFaTl. The Alu content of this clone and the
similarity in size between the genomic interval
and the clone insert suggests that it represents
a genomic clone contaminant of the cDNA
library. This is not shown in fig 1.

Expression of AZFaTl was assessed by
RT-PCR of mRNA from four tissues using the
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Figure 1  The figure summarises the proximal region of the human Y chromosome long arm in successive layers of complexiry and shows the position of

deletion breakpoints determined for four AZFa patients. The first layer shows the general organisation of Xp22 and Xpl11 homologous sequences located in
Yq11.2. The second layer depicts the organisation of the BAC clones sequenced by the Whitehead Institute/ MIT Center of Genome Research to give 800 kb
of sequence covering most of the AZFa critical region. The third layer illustrates the STS markers used in this study. New markers are marked with an

asterisk. The fourth layer marks the position of genes that had either been mapped previously

(for example, DFFRY, DBY, UTY) or pseudogenes identified

by the use of the NIX program. The white box above the DFFRY gene marks the location of sequences related to the CDY gene family. The fifth layer shows
the PAC contigs constructed with the aid of the new STS markers. The sixth layer shows the position of the deletion breakpoints determined for the four
AZFa patients. The accession numbers of BAC clones are: 264M20, AC004617; 47511, AC004474; 203M13, AC002992; 144F1, AC004772; 298B15,

AC005942; 69HS8, AC004810; 48602, AC002531; 494G17, AC005820.

primers AZFaT1 forward and reverse designed
to produce an inter exon PCR product (prim-
ers underlined in fig 2A). AZFaT1 is expressed
in testis, brain, and skeletal muscle but not
adult liver (fig 2B). No transcripts can be
detected in mRNA derived from the SAYER
lymphoblastoid cell line and a normal female
lymphoblastoid cell, but are readily detectable
in mRNA from a normal male lymphoblastoid
cell line. This shows that the transcript is male
specific and derived from the Y chromosome.
Two products are generated from skeletal mus-
cle mRNA, suggesting the existence of differ-
ential splicing with the larger transcript con-
taining an additional exon. Purification and
sequencing of the two PCR products generated
from skeletal muscle confirms their provenance
from the AZFaTl sequence. The additional
exon in the larger transcript is boxed in fig 2A
and introduces an earlier stop codon into the
open reading frame. Thus different C-terminal
amino acid sequences could arise from this
potential gene.

DBY EXPRESSION IN CELL LINE FROM PATIENT
SAYER DELETED FOR DFFRY AND AZFaT1

The milder oligozoospermia phenotype ob-
served in patient SAYER raises the question of
whether the AZFa phenotype is caused by the

combined deficiency of the AZFaT1 transcript
and the DFFRY and DBY genes or by loss of
DBY alone. If DBY is the causative gene, then
the oligozoospermia in patient SAYER may
arise as a result of a down regulation of DBY
expression because of the close proximity to the
adjacent deletion removing AZFaTl and
DFFRY. Alternatively, the full AZFa phenotype
may require expression of all three genes to be
ablated and the observed oligozoospermia
reflects the modifying influence of normal
DBY expression. The third possibility is that
DBY is not involved in the AZFa phenotype
and that patient SAYER is mosaic bearing a
mixed population of germ cells, with a
proportion carrying an intact Y chromosome.

These issues were investigated by exploiting
a lymphoblastoid cell line derived from periph-
eral blood lymphocytes obtained from patient
SAYER. In situ hybridisation to metaphase
chromosomes of Y PAC clone 290119, con-
tained wholly within the SAYER deletion,
showed no evidence of mosaicism in the cell
line upon examination of 50 metaphases (data
not shown). All metaphases showed deletion of
the PAC clone from the Y chromosome. As a
positive control, the same PAC clone was
hybridised to normal male metaphase chromo-
somes on the same slide and 10 from 10 meta-
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ttggagggtcgeaggtegeggeget gyggatggtgggagectgegeagetggetgggegg
tcletttetetototecttttttittttttttttttttrttttttgtcagccgggttcaa
tgcgecatattgaagaggacgggtctaatagatcgetggagacacaatttaactgaacee
cgcoceegttgtggactgactttgatgetctgagteectecctectteacgecgetagCaAGe
G
CCCTGATGTAGATTGCCTTTGTCTTACT TGGGACGTTTACCTGAGCGCTTGGTGCTGGTG
P DV 2CULCUL T WDV YL S AWCWC
TCGGGACCGGGAGATAGGAGTGTCTCAGGAGAGACCTGGCCGAARACCGCGAGAARGRAR
R DR ETI GV S Q ERPGRZKPRE R K
AZFaTlforward
AGTGAAGCCTAGTGARACTGCCTTTGCAGTGACTCAAGAARAACTCATCACCTGGAGTCC
vV K P $ ETAFAUVTQQEI KT LTITWS P
GIGTAAGCTCGGCGACAGCCCTAGCAGCGAGGCCARAACAGgtaaagagggatactgaat
C K L. 6 DS P S S E A KT
g...1903bp....ttcaaactttattcttacagT TTGGCGAAGRAAGAARACCTAAAGTA

VvV WEEURIK P K V

TTTGCCGTTGGTGATTCAACGgtgagttgggagtatttttt. . . 16952bp, . . tttttt

F AV G D S R

gGATGGTAGAGAC!

ttet i\ GTCTACAGCCTGAGACCCATCACTAly

D G R D Q S
ctggtttggaac. ..4763bp. . .atgatgtgcttecetttaagGAATCARACTTGACGT
E S N L T

T A *

ATGGAGCCARGAAAGCCCTTGGARARACTGGCCTCATATTTTGTGTACACAGTCCCTGTA
¥ 6 A K KALGZ KTGTLTITFCVYVHSZPC
CAGGGTTTCTGACCTGTGgtaagtaaagaatgttactt. . .817bp. . .ccccatttttt
T G F L T C
AZFaTlreverse

tgaattcagAGTCACTGARAACTAAGCTGCGCTTTCCTAAAGTCCTGCGARCTGAAGCCA

E S L KT KUL®RTFPZ KUV LRTE A
GACAACTTAAACCTCAGRAGAARATARCAGCAACCTATTTATATACATAAGCCACTTTCA
R QL XK P Q KK I TATTYTL Y T *

TACCTGCCTACTGTTGTATAGACTTCAGAGTAATGTGGCCTGTATCGAT Y TTCCAGGAGT

ATTCTTTTGTGTGTTGTTTTTTCTCAATTCCTCCTATTTTCTCTTTACAGGATGTGAGAC
TTCACAACCTGCTAARARTGAGCTTTCAGGACCTACCCATATAGGARATAARCCATCCTAG
CCATGAGAGATCAGATGAAACCTGAGACCAGAGAGACTCATTTGTTTCAAAATAGTTTCT
CCAAAAGATTTTATAARBRAGAARARGGCTGGGGGGAGTGGGATATGAAAGGARAATGAATCT
TGGGGCCCCCAAATCACTAAGCTCAAGGGATAAGT CAAGT TAGARACTGTTCAGGGCCAR
CTTACCTTGCATTCTATTCARATTCACCCCTCTGCTCACTTAGATGCATATCTGATTGTA
ATCAGAARACTCAARAGARATGCAGCAGTTTGTCTCTCACCTATCTATGACCTGGAAGCCCC
CTTCCCCGTTTGAGTCTTCCTGCCTTTGCTTCACTTTATCCCTGCCTTTCTAGACTGAAC
CAACATACTTCTTAGATATATTGATTGATGTCTCATGTCTCCCTAARATGTATARAACTA

AGCTGGGCCCCAARCCACCTTGGGCACATGTCGTTAGGACTTCCTGAGACTGTGTCACRAG
TTTGTGTCCACAACTTTGACARARTARACTTTTTAAATTAACTGAGACCTGTCCTAAATT
TTTAGGGTTCCATCAGATATGCATTTCTCTCACCTGAGCATCAGAGGGATGATTTCGAGT
TCTCTGTGTTTTTTGTCCACAGGAATTTCCTTGTGGGCAAATTCTGAGGGAGGGATGTAG
CTTTTTTATGTTTGGAGCTATTTTATTTAGARATAAAATGGGAGGCAGGTTTGCCTGAGT
CAGTTGCCTGCTTGACTTCCTTTGGCTTAGTCATTTTGGAGTCCTGAGATTTATITTCTT
TTCACATACCTGTTTTATTTATGATGGTTTATGGTCATTGAACCTTGTAACATTGATTAC
ATTTCTTTTCACTGGTCTTTTTTCTTAAGTAGATAARACTTATTTTTARCT TGGGCACARAG
AGAGCATARARATTATATGAGGTACATAGCCTGCTTAAATAGAATATTTARAATACGTTT
TGTCCACAGAGCTGGRATTCTTTGTAAATGAAAARCCAAATTTTACTTAATTTTTAGAGAT
AGGATCTTGGCTTTGTCGCCTAGGCTAGAGTGCTGTGGGGGCAATCATAGCCCACTGCAA
CCTCGAATTCCTGGCTTAAGTGATCCTCCCATCTCAGCCTCCTGGGTGCTTGGACAACAG
ACATGACACCTTACCTGGCTAGTTARARAAAATTTTTTTTGTAGAGATGGGCTTTGCCTG
TGTGGCCCAGGCTGCTCTTGRACTCCTAGGTTCAAGTGATCCTCCAGCTTGGGCCTTCCG
ARGTGCTGCGATTACATTGCTTCCAGCTTTAGTTTTTTAAATGTTTAACTTGTTTAACTT
ATTTAACTTGCTGTTTATTATTTAATGGAGAGCTTTTAGTGTTTGTCTTTTGAGGTGGGA
TCTTGCCATGCCCAGACTAGCCTTGAAGTCCTACAGTCAAGTGATCTTTGCATCTCAGTC
TCCCAAGAAGTAGTGGTAGAGAATTTTTATGTTACATTCCTTTCTCTGTGTATATGTTTG
TGGGAGGACATATGTCCCTTTGTATGTTTGGGCATATATATTTTTTGTGTGARNGTTATG
CATGTTATTGTTGATCAATACRAGAGGTTTAGAGGCCAGAGAAGAGAAATAAAATGGGAA
AARCTACRARAC (A)n

phases were found to be positive. The absence
of mosaicism was also confirmed by PCR
analysis of cell line DNA. The expression of
DBY and UTY (both expressed ubiquitously)
was examined by quantitative RT-PCR in both
the deleted cell line and a lymphoblastoid cell
line derived from a normal male using PCR
primers specific for the Y copies of these genes.
For both UTY and DBY, no difference in the
level of expression in comparison to the actin
control is observed (fig 3) as a consequence of
the adjacent deletion. The expression of UTY
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Figure 2 (A) Sequence of AZT1 with exonic sequence
in upper case and intronic sequence in lower case bold
(the number of bases of intronic sequence not included
are also shown). The alternatively spliced muscle
specific exon is shown boxed. Within the 5' most exon
the highlighted G is the first base of image clone
647985. The exonic and intronic sequence upstream of
this base was predicted by comparison with consensus
branch point and acceptor site sequences. The predicted
polyadenylation signal is in bold, the poly A tail in bold,
and the primers AZFaT1 forward and reverse are
underlined, italicised, and bold. (B) The expression of
AZFaT1 in human lymphoblastoid cell lines, adult liver,
brain, skeletal muscle, and testis mRNA was examined
by RT-PCR using the primers AZFaT]l forward and
reverse. The 220 bp product was visualised on a 0.8%
agarose gel. No product is generated from genomic DNA
because of the large introns between the forward and
reverse primers. L=1 kb ladder, S=SAYER cell line
deleted for AZFaT1, M=normal male lymphoblastoid
cell line, F=normal female cell line, Sm=skeletal muscle,
Lv=adult liver, Br=brain, Ts= testis, G= male genomic
DNA, cD=IMAGE c¢cDNA clone, Bl=water only control.

in a lymphoblastoid cell line from patient
AZ539 is also not affected by the adjacent
deletion (data not shown).

EXPRESSION OF DBY IN MOUSE TESTIS RNA AT
DIFFERENT STAGES OF SPERMATOGENESIS

In previous studies it had been shown that
Dffry transcription followed a germ cell de-
pendent pattern of expression and was first
detectable at 7.5 days after birth.'” Fig 4 shows
the pattern of Dby expression over the same
time period. Dby is expressed at all stages from
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Figure 3 Analysis of the expression of DBY, UTY, and actin by RT-PCR in mRNA from
normal male and patient SAYER lymphoblastoid cell lines. The DBY primers generate a
613 bp product, the UTY primers a 150 bp product, and the actin primers a 592 bp
product. PCR products were analysed on a 2% agarose gel at different times in the
amplification cycle to ensure accurate quantitation of gene expression. SSSAYER cell line,
C=normal male cell line, Bl= water only control.

17 days post coitum to 21 days post partum
and in the testis RNA from XXSx7 mice (lack-
ing germ cells), but is not detectable in mouse
ovary RNA. This is similar to the expression
pattern of Dffrx (shown) but not Dffry"" and
indicates that Dby is expressed in somatic cells
of the testis. The germ cell specific Pgk2 gene is
detectable at 21 days, consistent with its
expression at the round spermatid stage of dif-
ferentiation. Analysis of RNA from the testes of
four independent XXSx7 mice with both Dby
and Dffry confirms that expression levels of
Dby are not altered by the presence of germ
cells, in stark contrast to Dffry (fig 4B).

Discussion

The mapping of deletion breakpoints in this
study has succeeded in reducing the critical
region of proximal Yq involved with the AZFa
phenotype. Much of the proximal half of the
interval has been excluded by patient AZ539
and the refined position of the genes mapped to
the region in relation to the breakpoints in
patients has focused attention on DFFRY and
DBY. From the careful analysis of DNA
sequence centromeric to the 5' end of DFFRY
using the NIX program, there is no evidence
for the existence of potentially functional genes
apart from the transcribed sequence AZFaT1.
The sequence centromeric to this point
appears to be a monolithic segment of
degenerated genes with related sequences
mainly in Xp22. As exon prediction programs
cannot predict all exons it is possible that the
150 kb, spanning the proximal breakpoint of
patient AZ539 to AZFaT1, may contain one or
more functional genes that remain as yet unde-
tected.

Patient SAYER with the milder oligo-
zoospermia phenotype has proved to be pivotal
in helping to understand the potential contri-
bution of genes mapping to the AZFa interval.
In patient SAYER, the promoter region of the
DBY gene is functional and expression levels of
both DBY and UTY are unaffected by the
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adjacent deletion including AZFaTl and
DFFRY. This is shown by the equivalence of
expression level between the deleted and non-
deleted subjects. Thus, down regulation of
DBY can be excluded as an explanation of the
milder phenotype in patient SAYER. This
indicates that a gene or genes (DFFRY or
AZFaTl) located in the interval between the
proximal breakpoint in AZ539 and the distal
breakpoint in SAYER could be contributing to
the AZFa phenotype. This result could be
explained by a number of possibilities. A less
severe phenotype is caused by deletion of
AZFaT1 or DFFRY or both and that the addi-
tional deficiency of an early acting gene (possi-
bly DBY) or genes beyond the distal SAYER
breakpoint is required for the full AZFa SCO I
syndrome phenotype. The gap between UTY
and DBY may contain further contributory
genes. Alternatively, gonadal mosaicism for an
intact Y chromosome (not found in the
SAYER lymphoblastoid cell line, but cannot be
excluded from testicular tissue) may have
moderated the severity of spermatogenic im-
pairment. One also has to consider the
possibility that when dealing with a small sam-
ple size, phenotypic variation may reflect
differences in genetic background, environ-
ment, and age. Under these circumstances, this
would imply that the critical gene(s) lie in the
interval defined by the proximal AZ539 break-
point and the distal SAYER breakpoint. The
UTY gene can be excluded from involvement
in the phenotype as it is present in all four
patients. The analysis of further patients with
deletions of the AZFa region and the new
markers available will help to refine the critical
interval.

The analysis of AZFaT1 is incomplete as it
has not been possible to determine whether
this potential gene possesses a functional 5'
region. The characterised portion of AZFaT1
is organised as an interrupted gene and
contains a short open reading frame that can
participate in differential splicing. This indi-
cates that its location on the Y has not occurred
by a retroposition event, and the failure to
detect similarities to either other genes or EST
sequences suggests that it may be unique to the
Y. Studies are in progress to determine whether
this transcript possesses a functional 5' end,
homologous sequences on the human X chro-
mosome, and if there are conserved sequences
on the mouse Y chromosome. If this gene is
non-functional, this places even greater em-
phasis on DFFRY as a candidate gene.

Expression analysis of Dby and Dffry in RNA
from mouse testis singles out Dffry as a good
candidate for a role in spermatogenesis. The
mouse Spy phenotype located in the Sx7* inter-
val is characterised by an early block in
spermatogonial proliferation and results in an
almost complete absence of germ cells.” *' This
resembles the human AZFa phenotype. In
contrast to Dffry, Dby expression is not specific
to the testis or to germ cells®® (and as evidenced
by the readily detectable expression in XXSxr"
mouse testis RNA) and appears to be unaltered
in a significant way by the changing population
of germ cells as spermatogenesis proceeds.
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Figure 4 (Above) RT-PCR analysis of Dby expression (using the Y specific PCR primers that generate a 335 bp product)
in mouse testis mRNA ar 17 and 18 days post coitum and various days after birth. As controls, the same mRNAs were
analysed with Dffrx and Pgk2 primers used in a previous study. The failure to obtain a PCR product from female genomic
DNA and ovary mRNA shows that these primers are Y specific. The PCR products were analysed on 1% agarose gels.
Sxr*=mRNA from the testis of XXSxr" mice, Ov=0vary mRNA, MG=male mouse genomic DNA, FG=female mouse
genomic DNA. (Below) RT-PCR analysis of the testis mRNA extracted from four different XXSxr* mice with primers from
the Dby and Dffry genes. Except for mouse 4 where there may be a very low level of germ cells, no Dffry expression is

detectable by RT-PCR.

However, Dby may be necessary at early stages
in spermatogenesis and small changes in
expression in germ cells or supporting lineages
could be important. Thus the combined
contribution of Dby and Dffry may be a
component of the Spy phenotype. The expres-
sion of Dby/DBY in Sertoli cells may be neces-
sary for germ cell differentiation to proceed
correctly and this could explain the difference
in phenotype seen in SAYER in relation to the
other patients in this study. Five other genes
have been mapped to the Sx/* interval,” **** but
none of these is contained within deletions
associated with the AZFa phenotype; indeed

29 30

the genes Ubely and Eif2yy do not detect
any related sequences on the human Y
chromosome.” * Although these genes do not
contribute to the infertile phenotype caused by
deletions of the AZFa region on the human Y
chromosome, this does not exclude them from
being involved in the Spy phenotype in mouse.
On the basis of its germ cell specific pattern of
expression, it has been suggested that Ubely is a
good candidate for a role in the Spy
phenotype.” ** However, experiments with a
Ubely transgene alone have failed to rescue the
Spy phenotype in Sx#* mice.” It is possible that
several of the genes in the Sx region may
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cooperate to bring about the production of
mature germ cells and that combinations of
transgenes (including Ubely and Dffry) will be
necessary to rescue the Spy phenotype. It is
rather intriguing to note that Ubely and Dffry
are concerned with the addition (Ubely - ubig-
uitin activating enzyme) and removal (Dffry -
ubiquitin hydrolase) of ubiqutin from proteins.
Ubiquitination marks a protein for degradation
which, in order to occur, requires removal of
the ubiquitin just before entry into the protea-
some. The protein encoded by DFFRY/Dffry
belongs to the group of ubiquitin hydrolases
that enable entry of polypeptides into the pro-
teasome for degradation. Is it possible that the
overlap in the expression of Ubely and Dffry in
germ cells permits fine control over the turn-
over of protein(s) that are necessary for
successful spermatogenesis?
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