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b hY etk B2 BT SRR R R RO [ E

SRR EFEEFERLRSSHEHRE (E1F | BABRRER)

¥ H =

ERHEBTRE, BIUGBEZEFERE IO S ) 4 DNAZ L THT - 72 ERFIER AL (sequence-tagged site,
STS) S H DiEE, YREEERIEVAIIMIREZHEOBHIOEELHDL. INLBFORKEHIISIST 74—
DYS7TCH ALlMI B L TH Y, EEFRERT (azoospermia factor, AZF) DEMMEIRE EL SNz, —F, HFEEOH L XH
IS TEREMEIC, STSEEBLAEEYRETAMAE—RRER VAL, REFFRIESTSHR Y/ 4 ¥ 70y ME
LoT, #OXTFIZBIT 5 DNABSIOEFRETAILIZH B, FH,HRBICES 18O, B X UBMAZFEHEETFT
% % RNA #54& € F — 7 (RNA binding motif, RBM) & #E#&F#E K 2 ( deleted in azoospermia, DAZ) D H |22\ THREEL 7-.
ZFORER, TOBRELRXOREIEDYSICHDYS239 F THAL Tz, LAdioT, XKEORKIIBEBERBRAZBNTE
FOENLVASOTEREARE SN, ZOBRFOEI FFFHEAZFEMBEB L EZ 5N, BAAZFERMERT D RBM,
DAZB EATVWARWI L bHERLZ. E510, TORKESECBBALY $EEKT 177 —» 6 y0X21 & EIRFEE L

7o, I iEMb L7100k ¥EExT (base pair, bp) DNAWTE 2 70— 7 & Lizy/ L9370 v MEICBWTHEE O DNASH
EICHPLEZED 720, HHRAZFEEHEATZ O 100kbp Wi MIZHFETH T EBEL PR o 7.

Key words azoospermia, Y chromosome, male infertility, sequence-tagged site

LTEREESE OO A RE, FEICEL2ERE~OHFE
FHBELICEE - TRY, EEARESTIIEIMENE, BEide
BRERBHL S ER LDo2HE, —FF, NMHENLH LD
NDKRELBERTH5BHCRETARLEDHERIZEA L LT
#HELTWARVOPEIRTH S, TNIEBUEREEDFE DY
DEEDIEEEETEREEOHEIRIETHATS 5 FIliE
HLTWw5,

ek, WTERICED 2 RIETFH SV IIFIEFEEIL, THHT
BT A RBEMTII I o TYRBAREIZH B Z &AM
BanTw/, 2612, MBBEENFECL 2 8afHED
FHNT— L O5N, BLXUEEDNAZEREA /A REMK
ORIz L T, ZOERECHEI LSO % 27202,
1980 FELIZIZ Y #etrfk Fli (Y chromosome long arm, Yq) L
11.23 12 {48 FAE K T (azoospermia factor, AZF) #&{ZT-, %&b
LEFHREEREFIEET S L) ERBESIHL S
D0 MBS FEWFH T 70— AR L, 1992410
BYREEIIBIRa— 0 F L EBYERT A e N EET
D N LYK (yeast artificial chromosome, YAC) 5 1 7%
)= A E N, RBENLRBELALZ LIk,

AZFBERIE{ETE, 19934EMa b 2k B Y H&K LD RNA
%4 %+ — 7 (RNA binding motif, RBM) DR R & 1 #7242 R
U A7:2%, RBMIZHTRKICEL S 2 EERETFTIEE
W EDESE S I o TET WA DY, X052, 19954E(C
S FRER SR (deleted in azoospermia, DAZ) HSH—B{EF &

PR 104611 A 27 H&At, FR11FE3 A 12HSH

LTREEND, AZFEHBETOVLEDEEZLNT VA,
1996 4E Vogt & "I R ER TE, BLIUBEZHFHERSE
OBINRIEBRE T L2 2 A, YiRbBEREMEO3H
BIZEPLTVAEZ L E2MEL, ERTENSETTEETS
BT EERRMELI.

KIFETIERMERETE, BLUBEZHTERENT
L DNASH % Y 4 fk L ORSIEMR N (sequence-tagged
site, STS) 7% 1 v — % FIVWTPCRIEIZTIT»72. ThHBE
D—EIz, RFL LA ERE LTV AWM ERRE R
L, TOMEDDNARFIOEERFTAILIZI D%
AZF sy ME L7,

WHEE LCHE

[. MRAEHF

1. *ZAEFOEIR

RITH R %23 LR EETE, BLUBEZETES
Z 151612 2WC, Y R 4R STS v — 4 —ki2 X ) DNA
RIEDFEIDNTHRERT o7, SISY—H—DBLZD
BErELICRL, FOBEERIIRLL. 2609 5138
Blld s { RED 2D - 7275, DYSTIC, BLUDYSLIZHBLL
K b DM 126, BEZHTREEELH BTFH1X
1°0~7X10%/ml) £ &7z, F/2, DYSIVHFEREL TWVEIZD
b6, DYSTCR: &tiE Ao RE: b >EHE T
fE2Bl ARz, L7zh o T, DYSTC DM TR & &

Abbreviations : AZF, azoospermia factor; bp, base pair; DAZ, deleted in azoospermia; FSH, follicle stimulating
hormone; LH, luteinizing hormone; RBM, RNA binding motif; SRY, sex determining region of the Y ; STS, sequence-




v Y Rtk DI BV A PR s T ER TR 261

FTAHEBPFEETALEEZ LN, 8512, STSIEIZE b X
FHEEE ERIOBEES 1 ~5OXHEIIH L TIT-72DNAS
o, 16l (BEESDEBRABIZIEZE REEAD

Lirols, B, REZADLBE1IORXIZTFEFLDYSICE
DYSI1D A REL TV, BETIEZOH/LIESNTH L HE
#1 DQ%DNAEE‘.ZJ‘UU)%# OCRETFEB & BET 5 HHAZF#E
WAERELEI & L. B, v—Hh—7 5 4 v —I3EhiEh
WMED, YEREABEREGATER (pseudoautosomal region
border on the Y, PABY), Mt EfHIHY (sex determining region
of the Y, SRY), #igh 7 4 » #—% » 2% Y (zinc finger protein
Y, ZFY), DXYS5, DXYS73, DYF27B, DYF27C, DYS131B, DYS7A,

Loci and genes

Pseudoautosomal |:|
region PABY

SRY
ZFY
DXYS5
DXYS73
DYF27B
DYF27C
P DYS131B
DYS7A
DYS7B
DYS130
AMGL
DYS7D
Centromere
DYS11
DYS140
DYS139
DYS133
DYS134
DYS132
DYS135
DYF27A
DYS131A
q DYS7E
DYS7C
DYS1

Q-band
positive
region

DYZ1

Y chromosome

Fig. 1. Position of 26 loci across Y chromosome. Short arm (p),
centromere and long arm (q) are shown.

DYS7B, DYS130, 7 A 27 = v #:#{EZ T (amelogenin like,
AMGL), DYS7D, =6 ZEBEAME L b, DYS11, DYS140,
DYS139, DYS133, DYS134, DYS132, DYS135, DYF27A,
DYS131A, DYS7E, DYS7C, DYS1, DYZ1 % v 7-

2. BRUEERTEREIOFE

B#E 113355, FRIR, B, BLXUTEACRELER
Dol BIREGEEN RFHERERELEFTET
HHZLEHERL, MABE BEEELTVBTHSECH
BEOBRWIEERBELL., &5612, MEREERETY, B
T o OKEERES %, KR~ 20%, ¥ B
WI5%NCTHEE, /39 714 Y AEGE 2 /EM LUHE TG L
o, FOMBENBTFEEEEY s v 8 (Johnsen's
score count)'® 12 & o TEEMfi L 7. HRAYMIEREIZ & 5 o s
B (G /Ny FiEB LUQ/N Y FiE) Tit, EFRRZZDLH
o/ BERTRB LU &E{LFRVE Y (luteinizing hormone,
LH), Jfafl#a V£ > (follicle stimulating hormone, FSH), =
A & T Y% — ) (estradiol), 7 A b A7 1 > (testosterone), 7"
Z 7 F ~ (prolactin) % EONGUMEIRE2IIRL. BE 1o
KB HFEE B THRBMA S DNAFIRKL, ZO5b1T
o7 MEELT, Y§EMKER (Y chromosome short arm,
Yp) £Y qDAEFHEOBE, EHLEEELOY/ LDNAD
v 7s.

[. STSTS1~v—IC&2 YREBEFEEICH TS REDMEER

YHEES ) LA LTORKEMNBELTRETH2-DIHFEN
DNAY—#—& LTY§EEEDSTS & v/,

1. ¥ b%/ LDNAOHH

KM L D) KM ERBEL 7 2 ADNATRIL 7=,
Tbb, SmlOEDTANKMIME 7T R F v 7 B LEIZHL
500 xg T5 - HE LS8 L T LB OMmE L RS L7, Bkl s
ISEBEED0.2%MELF UYL ’HJH:‘L’C}:‘ L& & Sl R
L 1,000 xg TS5 B LM L 2, BOBEEISEBRLTVS
FMERZ RS 2V E ) IZFEEL RS K da’S:I‘fl:l,f_. z
DL IEBROEBIAL LT THRYELTS 70 Fa— 7
B L7, HEEE I SepaGene® (ZHftdk, BE) OEMELC
o TR L2, RETARNALGHRET L0
AR L v 2100 2190 20 mg/ml RNase{&i (VR 7 L
7 —+ A (Sigma, St. Louis, USA) # TE [10mM Tris-¥5##% (pH
7.4)-0.1 mM EDTANZ R 12iEME L 37 CT30408HE L 7274,
TF = Wikt 7.

2, YRGAEBESIS 71 <v—+ v F DER

Vollrath 5 P13 Yk L STS s L Tw A, Ko i
AT UL e P RERQ N Y NIBIIBIT B Y Rfufkov s R
7 —Yqll.2312% 5 85T (loci) THbH, £ 1IRLA
DYS7CHiE & FLLISEIRL 72, TheDT I A7 —1320
HiteOBERA ) TR LAFFTI 4 <— (Ll A7 L4
fxsA, fLIR) > bTHY, ZOPCRIZ L AHEWIZE100
HE At (base pair, bp) BEOHEK TH 5.

K THV /27— A =75 4 = — I3 Ehif 23 TSRY,
ZEY B LUty ba A 7= —%Hw/:. ERAIIZERITR
L 72k 9% 585 5 DYS7C, DYSIFHED b 0% R, £
DREIZEY PO ATEME XD IEIZDYS230, DYS224,

tagged site; YAC, yeast artificial chromosome; 'Yp, Y chromosome short arm; Yq, Y chromosome long arm; ZFY, zinc

finger protein Y; 2 > 57 4 7, E5| ra— >
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DYS226, 42C-A, DYS7C, DYS233, DYS232, DYS1, DYS236,
DYS237, DYS238, DYS240, DYS239, DYS247 &2 & Cadh b, 7z
~AF 070w+ (heterochromatin)#d DYZ1 & #EIR L 729,
INBT—=H =TT 47— DY AR LETOMEDWR T 2
VAR L7z, 72, £IIWWEE, SISYv—41—, 7794 7—Dk
FIEHEY, ZOEPYOHEE, BLUPCREELEMFEZRL.

3. PCR#EIZ & A STSORE

&4 D7 5 DNA10 ng % B PCREEANE [#48 5 10 mM
Tris-¥E8E (pH 8.3), 50 mM $81bH ) 7 4, 1.5 mM ik~ 7 %
Al FAEF LIRS LAF FRAW (dATP, dCTP, dGTP,
dTTP & 4 B 250 uM), EHE 7 F 4 v —% 4 50 pmol,
Taq DNA K1) x 7 — 4 (Parkin Elmer Cetus, Norwalk, USA) 1 E
8B LA KT MAEZES0 4112 L7 PCR KIS % G0 8L

L, =<1 %5 —PCT000 (T AT v 7, #EE) % HWwT
PCREIGET o 7z, SRMFEEE 0 b 2 — VL0 8 12fEV, &
SEITRT 3 &M THIT L. STFE~<—4—1%, 100bp 5
¥ — (Promega, Madison, USA) % FH\> 7=,

4. IETEDNAWH O

PCRIUIG O DNA I BEEE K70 pl & 7ok 2
150 L1 2 MA CTIRE D L72th, EBOKBZIRRLZ. Z0%
WIZ10 103 M BEFEF P A H52) L 99% L% ) — L%
300 p1iRINL, —80CT304-MIkE L7, 4T, 15000xgT
205 M- UDNAZIER & €72, ZODNA%SO% LY / —
NMTHER, BIEERL, REEHR(006%70E7 /) —
N7 — CEH, HHED, 0.06%F L LT — v (GBI,
6.7% 27 V) t0— )% & Tris EDTARRE K [10 mM Tris-i5E,

Table 1. Summary of DNA analysis on the Y chromosome in 151 parients with azoospermia and severe oligozoospermia

Controls
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Male

w
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DYSI132
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DYF27A
DYSI131A
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DYS7C
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—, abscence; +, presence. * severe oligozoospermia.

Table 2. Summary of clinical findings of the patient 1

Testis
volume
(ml)
Right Left

Luteinizing
hormone
(m]U/ml)

Height
(cm)

Body Wt.

Age (kg)

Follicle

stimulating

hormone

(mIU/ml)

Johnsen's
score count
Right Left

Estradiol
(pg/ml)

Prolactin

(ng/ml)

Testosterone
(ng/dl)

35 175 72 12 12, 4.7

15.7

<25 510 6.7 3~4 3~4
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Table 3. Loci, STSs, nucleotic sequences of primers, products sizes and thermocycling conditions

PCR thermocycling

Loci and genes STSs Left primer Right primer Product sizes (bp) conditions
SRY sT14 GAATATTCCCGCTCTCCGGA GCTGGTGCTCCATTCTTGAG 472 b)
ZFY sT238 AACAAGTGAGTTCCACAGGG GCAAAGCAGCATTCAAAACA 350 b)
Centromere sY78 TCCTTTTCCACAATAGACGTCA GGAAGTATCTTCCCTTAAAAGCTATG 170 b)
DYS230 sY142  AGCTTCTATTCGAGGGCTTC CTCTCTGCAATCCCTGACAT 196 a)
DYS224 sY134 GTCTGCCTCACCATAAAACG ACCACTGCCAAAACTTTCAA 301 a)
DYS226 sY136 CACATGAAGCACTGGAACTG GTTGTCTGGAAATCCCTGTG 235 a)
42C-A AGTAGCTGGGACTACAAGCA GATTCTGGGCTTATCTTGCA 1500 c)
DYS7C 50f2C CTCAAGCTAGGACAAAGGGAAAGG GAGGTAGATGCTGAAGCGGTATAG 195 a)
DYS233 sY148 AAATGAAAAAAGATACGAAACTCG GAATCCCACCCAAGAATCTG 202 a)
DYS232 sY147 TTTCTCGTTTGATGATCCTAG TTAATATGAGAATGAGAACAGATGT 100 a)
DYSI1 sY149f TGTCACACTGCCCTAATCCT TGGTCATGACAAAAGACGAA 132 a)
DYS236 sY152 AAGACAGTCTGCCATGTTTCA ACAGGAGGGTACTTAGCAGT 125 a)
DYS237 sY153 GCATCCTCATTTTATGTCCA CAACCCAAAAGCACTGAGTA 139 a)
DYS238 sY154 TTTGCACCAGGATTAAGTGA TTTTTTCAGATAAACTTTCAGTGG 245 a)
DYS240 sY157 CTTAGGAAAAAGTGAAGCCG CCTGCTGTCAGCAAGATACA 285 a)
DYS239 sY156s AGGAACTGGCAGGATTAGCC ATGTCAGGGTTTCCTTTGCC 950 b)
DYS247 sY166 GAACTCCAATCATTCCCTGA TTGGCTCTACTTTTCCCCTT 115 a)
DYZI1 sY160 TACGGGTCTCGAATGGAATA TCATTGCATTCCTTTCCATT 236 b)
PCR thermocycling conditions are as follows.
a) Initial denaturation of 3 min at 94°C; 25 cycles of 1 min at 95°C, 4 min at 65°C; and, finally, 12 min at 72°C.
b) Initial denaturation of 3 min at 94°C; 26 cycles of 0.5 min at 94°C, 1 min at 55°C,1 min at 72°C; and, finally, 5 min at 72°C.
c) Initial denaturation of 3 min at 95°C; 30 cycles of 0.5 min at 94°C, 1 min at 50°C,1 min at 72°C; and, finally, 5 min at 72°C.
260kbp
Ccn:o_mere ? r‘lA % |B 5’—. B E Nr Tﬂamcre
yOX21 S
Loci and genes /
EcoR1
N S O O O (A [ T
Pseudoautosomal []
. [42¢A ] [bys7c |
region SRY * *
_‘l 7EY Fig.3. Position and restriction map of the BssH II-Eag ]
p fragment from YAC yO0X21. YAC y0OX21 spans the
microdeletion region. B, BssH II; M, Mlu I; E, Eag I; Nr, Nru 1.
—
Centromere e DYS230
DYS224
DYS226
42C-A
DYS7C
DYS233
—RBM DYS232
q —DAZ DYS1
DYS236
Q-band DYS237
positive DYS238
region DYS240
DYS239
| |DYS247
Y chromosome ‘ T
! 0 . Fig. 4. Photograph of testis histology in a patient 1 with
Fig. 2.  Position of 18 loci on Y chromosome. On the right side azoospermia. A few spermatogonia and spermatocytes are
of the chromosome, the probes (loci) examined in our study observed in the testis tubules. No postmeiotic germ cell stages

are shown. Short arm (p) and long arm (q) are shown. are observed. The bar indicates 50 zm in length.
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1 mM EDTA (H 8.0)1} 9 pLIZiMR L 72, &8EHL05 2 g/ml D
BALLF Uy L% &t ikEMEET TBE (90 mM Tris-3EEE, 90
mM k% B, 2 mM EDTA)HT, 2 %7 70— A7 L&A
FEBFE100 VIZTERKE 24T o 72, KEIRO 7 VI ERIFER
NTILEEREL 2.

I, BEFIAZF &&= T OFEES

BEI1IBIULXBICOVT, BHAZFEHETZTTH S
RBM® 3 X Uf DAZ"Y 0% 4% PCRIEIZTHERL7:. RBM 7
54 <—3%4, 5-CTTTGAAAACAATTCCTTTTCC-3', 5-
TGCACTTCAGAGAGTACGG-3' Th V), FOREEY 1 Xz
800bp T 5. PCRZMIX 94T 2 - DBEMH, 94T30%,
55°C 14, 72°C 15 %3044 # VififfL7z. DAZZT 54 <—
i3 % # 5 -CAGTGATACACTCGGACTTGTGTA-3", 5'-
GTTATTTGAAAAGCTACACGGG-3' T ) HiiiF+ 4 X 1 375bp
T#H 5. PCREMIZMT 1 FOBEN, 94T15, 55T30
B, 72C308 %3094 2 ViEfF L7 72, EETIA<—

SRY

ZFY
M 123456

B

w350

THIE SN 5 RBMIZDYS230 & DIEMMIH 1), DAZIZ
DYS7C & b #Ehfll T, DYS239 & DYS247 D23 % V(K 2).

V. YACDNAMRIREHH > Ty Mk BV /R

1. YACSA 75—, FNES| 70— (2T 4 7)HEF

Foote H ¥t FEMDXYYYYS / 4 DNA% YACIZZ o —
YAEL, #98%L N —yuvF L EBEAN—TETA
TI) —FEELL. Z0) B 24E0Y B EIFRYAC 5
B L CE¥Y 4 X13580 kbp), 196> 71 7E LTYH
k1 —rowFr bEh—-Liz. IhbiE [yOX&EF] %
DUFLNTIT b v A 70y 45— FL— MIFELTH
2N THY (Research Genetics, Huntsville, USA), AT
TAENA T GER) POBATLIENTES.

2. YACT Y5 1 75 72— 7 DNADZER

HLFEBZE L T\ 2B REEFRARMEFHEORA, F
ok, YHREMEYACT Y7 174D, Yq ho11230—&%
EHYAC yOX21 8RR L7-. 513, 9 STS~—7% — 42C

Centromere

M1 23 456

Fig.5. PCR analysis of various loci. (A) SRY (B) ZFY (C) centromere. The DNAs are from the Yp patient (lane 1), Yq patient (lane 2), the
patient 1 (lane 3), his father (lane 4), a normal female (lane 5) and a normal male (lane 6). The expected sizes (base pair) of the products
are indicated at the right with arrow heads. The molecular weight marker (M) shows the 100 base pair DNA ladder.
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A L UDYS7C % & ¥r BssH 11 (Toyobo, KIR) 1L K
260kbp % HLY , ZDWiF % & 512 Eag I (Toyobo) Tk L T
F49 100kbp @ BssH 11 — Eag Wi %8R L 72 (M3). EFHxZ
OWH O MG % F I ARMEIZA VA, 2D BssH 11— Eag |
DNAWI A IZ42C-AB L UDYSTCHE TN T WA Z & #fEEET
Lz, ML LTIN% 10ngZHY, #3D42CAB X
UDYSTCH T T4 <v—%HWTPCRZ4Th o7z, B, O
ZH1294°C 1 rOBEMER, 94°C145, 55°T30%, 72°C30%#
%30 1 2 VT L7,

3. LYY ryTay MEICEASH

EHEHE, BEl, BIUZOXHEOYTY / LDNA 1O ug %
Pst 1 (Toyobo) 3 & UF Hind 111 (Toyobo) % Fl\v»T—MWp+ 431k
Kb, 06% THOU—-AFXIVIZTERRELE. ¥ L i
0.5 M IRERAEM T T20 0 MR L 5 L CEMEDNAZ K AEL
Tk, FEEKTHRELA. RIZTAUH YW A5 M EHLF Y
74, 0.5 MOKEE{EF b )T L) 128 L D RREEECHRE 5 LTHE

DYS230
M12345€6

<196

DYS224
M 123456

B

P&, BT TR 3 MBS b U 4, 0.5 M Tris-3E 8
EH 75 NHIRL, SHITIHMiEE 9 Lz, —H, F4ar 2
¥ 7'V ¥ 7 4% — Hybond-N+® (Amersham, Little Chalfont,
UK IZH#EE L 72#%, DNA % B & 729123200 ] %R % I8
L7, 74NV —ENA TN F L~ a3 LB (6 X
SSC (1 X SSC: 0.15 M #54k+ + U w4, 0.015M 7 = U8+ + U
TL), FrALME Q1% E)EZLETY Fr, 01% 3
MEBTNTI,01% 74 3—1400), 10% HEETFA M
~,0.1% SDS, 0.1 mg./ml ¥ 7 ¥TFDNA (Sigma)] T, 42T
DEEAEIZBCTIMEO T LN, TY ¥4 ¥~ g v E(T
= 7x. % Z~ DNA labeling beeds® (Pharmacia, Uppsala,
Sweden) # IV TH 4 2P CTIE# L7270 —7DNA% MR 42T
KWBWCTIREONA T F L ¥~ a v &ifhol. 74
VF—1£2X8SC, BLU01% SDS% &P T45C, 15
B OWEF 2EITR o725, 01XSSCH L180.1% SDS % &ts
B TASC, IMOEE LT o722, Rk, —80CTXH

DYS226

M12356

<235

42C-A
M1 23 456

<1500

D

Fig. 6. PCR analysis of various loci. (A) DYS230 (B) DYS224 (C) DYS226 (D) 42C-A. The DNAs are from the Yp patient (lane 1), Yq
patient (lane 2), the patient 1 (lane 3), his father (lane 4), a normal female (lane 5) and a normal male (lane 6). The expected sizes (base
pair) of the products are indicated at the right with arrow heads. The molecular weight marker (M) shows the 100 base pair DNA ladder.
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DYS7C DYSH

<132

DYS233 DYS236
M 123456 M 123 456

<202 <125

DYS232 DYS237
M 123456 M123456

<100 fl <139

Fig.7. PCR analysis of various loci. (A) DYS7C (B) DYS233 (C) DYS232 (D) DYS1 (E) DYS236 (F) DYS237. The DNAs are from the Yp
patient (lane 1), Yq patient (lane 2), the patient 1 (lane 3), his father (ane 4), a normal female (lane 5) and a normal male (lane 6). The
expected sizes (base pair) of the products are indicated at the right with arrow heads. The molecular weight marker (M) shows the 100
base pair DNA ladder.
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7 4 V4 (Kodak, New York, USA) 1218 B & & ¢ 72,
159 &

1. BE 1 OBEERE, SLURSBENRE

BE1IORBRAEMG T, BHELEREORE, MEICBT
LARAIE 2 B, HEPICBIT AL P UHIIa DR 7 8
D= 7, BHRRICBWTRO T BEME, B X O
Bl % 80 2 b O ORBT-HEE L U T % 300 9 MBS0
o fbEIRBEE LGN (K4). NFWSENIIZFSH O
B LERERDLN, TNEBTEREEIZLET7 -y s
BoOLREEZ LN, B, LHBLUPFA AT AEIE
EHHEHNTH -7,

I[. STS 751 v —I2& 2 YE&BEEEIZH B RROMEE

7/ LDNAW, WL LTYp, BLU Yq Az ENEh
FoBENOLD, SHLIZIEERLZO DTV, #EELT
BELIBLUZORAD ORI,

DYS238
M12345€6

DYS240
M123456

B

= <245

«285

1. YHRBEAEOER L, BLUty O ATIIBIT5-ETF
B, BLOCBRET-OFEEOMHE

B S 5 SRY, ZFY#IET, BX Uty rui7ow—
N=TI4x—%MAYpEE, BHEL oK, EFREMEEN
ZFIUIPCRN Y P& (M5A, B, C). L»L, YgEHEB
FUTEHLMIZE, TRHDONY FIZEE Sk o,
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Fig. 8. PCR analysis of various loci. (A) DYS238 (B) DYS240 (C) DYS239. The DNAs are from the Yp patient (lane 1), Yq patient (lane 2),
the patient 1 (lane 3), his father (lane 4), a normal female (lane 5) and a normal male (lane 6). The expected sizes (base pair) of the
products are indicated at the right with arrow heads. The molecular weight marker (M) shows the 100 base pair DNA ladder.
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PCR analysis of various loci. (A) DYS247 (B) DYZ1. The DNAs are from the Yp patient (lane 1), Yq patient (lane 2), the patient 1

(lane 3), his father (lane 4), a normal female (lane 5) and a normal male (lane 6). The expected sizes (base pair) of the products are
indicated at the right with arrow heads. The molecular weight marker (M) shows the 100 base pair DNA ladder.
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Fig. 10. Summary of analysis of the DNA of the patient 1 and his
father. Closed bars indicate the presence of loci, while open
bars indicate the absence. Hatched regions indicate the region
of heterochromatin. Short arm(p) and long arm () are shown.
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Fig. 11. PCR analysis of patient 1 and his father using RBM or
DAZ primer. The DNAs are from a normal male (lane 1), a
normal female (lane 2), his father (lane 3) and the patient 1
(lane 4). The expected sizes (base pair) of the products are
indicated at the right with arrow heads. The molecular weight
marker (M) shows the ¢ X174 dsDNA Hae 111 digests.
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Fig. 12. PCR analysis of the BssH II-Eag I fragment using 42C-A
and DYS7C primers. The expected sizes (base pair) of the
products are indicated at the right with arrow heads. The
molecular weight marker (M) shows the 100 base pair DNA
ladder.
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Fig. 13. Southern blot analysis of the the patient 1, his father, a
normal male and a normal female. The molecular weights are
shown the left side of panel.

BssH 11 — Eag TWT Fr 283l R B0 i i 2 iR L TV b 2
ERAERLI (M12). ki, EFEHEK, BEL, BITEOX
B, LDNA% Pstl, BL U Hnd I CHLLAZBYY Y7
Oy MEIZTHH L. ZOWE &S 5.6kbp i BVCHEH
1, BLUFORBBIZNY FOKRESIIEFDY, LABIE
FHHEEE QWA ECDH -7 (1), S 512, EHBUTHE
HHNBkbp LY KEWNNY FO—EBZORFTRILT
WAHRELD, IO A TIREBIIRE L T HMAEE
FTHIELW ST BEXYh, B AZFHEE YAC
yOX21 ) Bss T1-Eag | {LH & 100Kbp B )1 0> % 7012 {5 1 L
TV A IFerEASR S L7,

= =

Yifhide b7 2 0B LEF2%D50 Mbp D DNA & 4
WENTV A, |H@nLrHJc&étﬁmhuuw-V‘mmg
THY, Tk voZzi#h s <, e QHUERE M & & el
L@afmémﬁf%éwm.Ltwof,uWDNA%mw
A RN EE SNA, F7, b PO X L b
FTRHERRRE SHDAEDRAEY, &5 Yt ko B
BB AMERERIIh 2 TIThNL A oIz w L, Xtk
klUY%@%Ti%%%@%ﬁMLWiﬂTVZKn“ff
i, BT LDNAO)ﬂHf*lmb A, BHEEE»S
X#tdr, KHEPL Y ROBETZTHSZ LS, € FOY
%@Wdﬁ#bE%Nk%@®A~%ﬁéﬂé.%kﬁ&mﬁ
REEPXXTHY, YREELZLTES TV EIILADS
IV LD, YHROEKITEEERET2DHMHICE
ERERTEAVEEILON TS, BEY Rk LicB)



270 g

BREFRZ OB, SRY#EET- & Lo LicEb 2 EE
F, KT RELTHEEF, BTERICHEET 5RZFRBM,
DAZ% Y% 8D THBEENTVENATHL . BHO
AZF BEWHB{ZET TdH 5 RBM, DAZIZRNAHAE F A 1 » 25D
ZER, BERFINICEESLEBVELRIIFFEL, BROA
THEHETIHDEOXBLIEHE L > TV 5.

ATF BTNV REBEF L LY bk LRBERVRANIC
NETBZEE, ZROEFTFERZORERMER) > 7r—v
WEE D FREINT WD, 7 BEDNATHLE L
GFEYERHRIIBCT, FEEOBBEREORZ Y, Vb
W B BNRIEBINS HEESND LI 27227, 1996
£ Vogt b WIREFHRBETF S L GMEHER T 3 IS
F, BRI & AZFa, AZFb, AZFc IR A LAz, T b
T B AE RSB L RRIIL AZF IS TR RO
WFbiELETH D, AZFb IS BV TIRBSRUED
A BBEENRIE ICRbN A DS, AZFcHEBII L TIEE
OHMMERARMEZROLVE LTS,

AR TIE, STSECBWTYREhL— 7 o<F o HEil
WK T AMUNREEERT A ENTE. ThikVogth
DV AZFCHEIIC 7=, FORBEMBG I RBS A0S
bEE £z bhiz,

AZF R BETOMRYIL, RBMAF0MmE L ko720, &
ZH 20 ~ 50 DBIETRBEETAYRE4ALOR, Ehilc
BB LTBNY, 205 IZAZFhEREHROIIHEELT
W3, —7, DAZ I3 AZFcfIRIc BV CRIE S B—B{ETF
Thh, COMEFEIHBEICBVTHENIBRLTEY,
RNA# A N A A & FD, REFECHM L 2oH 3 AZF B4
HWATEHEMERBM & Y, & HCEMMCHY, DYSICE < —
H—I2F B EFORMMIZH S, DAZIZDYS?C & b EALANC
FETH I EhD, bivbN O AZF B33 RBM, DAZ
CRELAHREBEEIOND. S5, KEFLEEEY
FTARBOLBRELE Tu—7 L Fr 7oy bl
BOWTREHBOBEIIHELELRWE LI 2L, BT
A S4B EIRIE 2 0BT ICFET LRSS H L. T4
bhH, 42C-A L DYSTCORIZEH Y, #1100 kbp 28 o FHpH 2R
ETEL. LI -T, 0% 7 LEFESICETERICHS
TAHERAZE AT AWML DB, 4%, T OHROHEEI
BIIAZ sV Sy Er T ERLE LABGTORRCEE
DNABFIDREIZ & - THHAZFEHOEFHR LTI FTETH
5.

&

BREERTE BEIRTERERLULOXHEOT ) L
DNAZFWVT, kD& kw87,

1. BREENSTE - B2 TERE 151610 STS L &
2% 7 L DNASHTIZ B\ T 18410 Yo s il 12 S/ N R R FHI %
oA

2. BT ERELZFORBEDOY / ADNATHIZB T,
STS Lk, KBz LBMIREEF D OWMERRERERL, 20
He7ra—7& LY7oy MEICID ZOMEDHEEIZ
B ez iRz,

3. ¥ AZF BRSO BT RER#{ZFRBM B
JUDAZ L E R R ZHBTH .

4. PEoRE L )R AZFEMEEIL, 42CA L DYSIC

)

OREIZH Y, TOHRIEH100kbp L FEZ bz,

# B

Wagzziibr), TRELEARIOBREEBRY I LERAE
EERREREBEOEARRBIRIRELIHFEETRLIT. 11,
REEEOTRELRY £ L AFBEOBRTH T 00 5B#H L
Y. &6, FFRICH A LTBEIHELHES I LAEEX
EARFEEBEOPIRSLEIL L BRBTHLIOLL VEHBLET.
TRCHEE CHNETEE £ LASRAEEERR G EREOLH
IR LET.

X 73

1) Tiepolo L, Zuffardi O. Localization of factors controlling
spermatogenesis in the nonfluorescent portion of the human Y
chromosome long arm. Hum Genet 34: 119-124, 1976

2) Yunis E, Garcia-Conti FL, de Caballero OMT, Giraldo A. Yq
deletion, aspermia and short stature. Hum Genet 39: 117-122,
1977

3) Chandley AC, Ambros P, McBeath S, Hargreave TB,
Kilanowski F, Sporwart G. Short arm dicentric Y chromosome
with associated statual defects in a sterile man. Hum Genet 73:
350-353, 1986

4) Vergnaud G, Page DC, Simmler MC, Brown L, Rouyer F,
Noel B, Botstein D, de la Chapelle A, Weissenbach J. A deletion
map of the human Y chromosome based on DNA hybridization.
Am J Hum Genet 38: 109-124, 1986

5) Andersson M, Page DC, Pettay D, Subrt I, Turleau C, de
Grouchy J, de la Chapelle A. Y; autosome translocations and
mosaicism in the aetiology of 45, X maleness : assigment of
fertility factor to distal Yq11. Hum Genet 79: 2-7, 1988

6) Bardini B, Zuffardi O, Guioli S, Ballabio A, Simi P, Cavalli P,
Grimoldi MG, Fraccare M, Camerino G. A deletion map of the
human Yq11 region : implications for the evolution of the Y
chromosome and tentative mapping of a locus involved in
spermatogenesis. Genomics 11: 443-451, 1991

7)  Albertsen HM, Abderrahim H, Cann HM, Dausset ], le
Paslier D, Cohen D. Construction and characterization of a yeast
artificial chromosome library containing seven haploid human
genome equivalents. Proc Natl Acad Sci USA 87: 4256-4260, 1990
8) Vollrath D, Foote S, Hilton A, Brown LG, Beer-Romero P,
Bogan JS, Page DC. The human Y chromosome : a 43-interval
map on naturally occurring deletions. Science 258: 52-59, 1992

9) Foote S, Vollrath D, Hilton A, Page DC. The human Y
chromosome: overlapping DNA clones spanning the euchromatic
region. Science 458: 60-66, 1992

10) Ma K, Inglis JD, Sharkey A, Bickmore WA, Hill RE,
Prosser EJ, Speed RM, Thomson EJ, Jobling M, Taylor K, Wolfe
J, Cooke HJ, Hargreave TB, Chandley AC. AY chromosome
gene family with RNA-binding protein homology: candidates for
the azoospermia factor AZF controlling human spermatogenesis.
Cell. 75: 1287-1295, 1993

11) Reijo R, Alagappan RK, Patrizio P, Page DC. Severe
oligozoospermia resulting from deletions of azoospermia factor
gene on Y chromosome. Lancet 347: 1290-1291, 1996

12) Nakahori Y, Kuroki Y, Komaki R, Kondoh N, Namiki M,
Iwamoto T, Toda T, Kobayashi K. The Y chromosome region




b Y Retaff BIZB 2 HEERE TE R TR 271

essential for spermatogenesis. Horm Res 46 (suppl 1): 20-23,
1996

13) Reijo R, Lee TY, Salo P, Alagappan R, Brown LG,
Rosenberg M, Rozen S, Jaffe T, Straus D, Hovatta O, de la
Chapelle A, Silber S, Page DC. Diverse spermatogenetic defect in
humans caused by Y chromosome deletions encompassing a
novel RNA-binding protein gene. Nat Genet 10: 383-393, 1995

14) Vogt PH, Edelmann A, Kirsch S, Henegarii O, Hirschmann
P, Kiesewetter F, Kohn FM, Schill WB, Farah S, Ramos C,
Hartmann M, Hartschuh W, Meschede D, Behre HM, Castel A,
Nieschlag E, Weidner W, Grone HJ, Jung A, Engel W, Haidl
G.Human Y chromosome azoospermia factors (AZF) mapped to
different subregions in Yq11. Hum Mol Genet 5: 933-943, 1996

15) Johnsen SG. Testicular biopsy score count- A method for
restration of spermatogenesis in human testis. Hormones 1: 2-25,
1970

16) Affara N, Bishop C, Brown W, Cooke H, Davey P, Ellis N,
Graves JM, Jones M, Mitchell M, Rappold G, Tayler-Smith C,
Yen P, Lau YFC. Report of the second international workshop on
Y chromosome mapping 1995. Cytogenet Cell Genet 73: 33-76,
1996

17) Vogt PH, Affara N, Davey P, Hammer M, Jobling MA, Lau
YFC, Mitchell M, Schempp W, Tayler-Smith C, Williams G, Yen
P, Rapplod GA. Report of the third international workshop on Y
chromosome mapping 1997. Cytogenet Cell Genet 79: 1-20, 1997
18) TFitch N, Richer CL, Pinsly L, Kahn A. Deletion of the long
arm of the Y chromosome and review of Y chromosome
abnormalities. Am J Med Genet 20: 31-42, 1985

19) Bourrouillou G, Dastugue M, Colombies P. Chromosome
studies in 952 infertile males with a sperm count below 10
million/ml. Hum Genet, 71, 366-377, 1985

20) Micic M, Micic S, Babic M, Diklic V. Phenotype of two
males with abnormal Y chromosomes. Clin Genet 37: 321-326,
1990

21) Nakahori Y, Tamura T, Nagafuchi S, Fujieda K, Minowada
S, Fukutani K, Fuse H, Hayashi K, Kuroki Y, Fukushima Y,
Agematsu K, Kuno T, Kaneko S, Yamada K, Kitagawa T,
Nonomura M, Fukuda S, Kusano M, Onigata S, Hibi I,
Nakagome Y. Molecular cloning and mapping of 10 new probes
on the human Y chromosome. Genomics 9: 765-769, 1991

22) MaK, Sharkey A, Kirsch S, Vogt P, Keil R, Hargreave TB,
McBeath S, Chandley AC. Toward the molecular localization of
the AZF locus : mapping of microdeletions in azoospermic men
within 14 subintervals of interval 6 of the human Y chromosome.
Hum Mol Genet 1: 29-33, 1992

23) Vogt P, Chandley AC, Hargreave TB, Keil R, Ma K,
Sharkey A. Microdeletions in interval 6 of the Y chromosome of
males with idiopathic sterility point to disruption of AZF, a human
spermatogenesis gene. Hum Genet 89: 491-496, 1992

24) Bostock CJ, Gosden JR, Mitchell AR. Localization of a male-
specific DNA fragment to a sub-region of the human Y
chromosome. Nature 272: 324-328, 1978

25) Nagafuchi S, Namiki M, Nakahori Y, Kondoh N, Okuyama
A, Nakagome Y. A minute deletion of the Y chromosome in men
with azoospermia. J Urol.150: 1155-1157, 1993

26) Kobayashi K, Mizuno K, Hida A, Komaki R, Tomita K,
Matsushita I, Namiki M, Iwamoto T, Tamura S, Minowada S,
Nakahori Y, Nakagome Y. PCR analysis of the Y chromosome
long arm in azoospermic patients: evidence for a second locus
required for spermatogenesis. Hum Mol Genet 3: 1965-1967,
1994



272 . ki H

Isolation of a Novel Azoospermia Factor Region on the Y Chromosome Toru Noda, Department of Urology,
School of Medicine, Kanazawa University, Kanazawa 920-8640 — J. Juzen Med Soc., 108, 260 — 272 (1999)

Key words azoospermia, Y chromosome, male infertility, sequence-tagged site
Abstract

We examined 151 patients with azoospermia or severe oligozoospermia by means of sequence-tagged site (STS) mapping,
and identified 18 patients with microdeletions in the distal Y chrosome long arm (Yq). Because all these patients lacked the
same region around DYS7C, it was hypothesized that this microdeletion on Yq was a candidate site for the azoospermia factor
(AZF). Furthermore, we found a family in which the fertile father had the same microdeletion as that of his inferthle son in the
STS analysis. The aim of this study was to detect differences in the sequences of the patient with azoospermia and his fertile
father by means of STS analysis and Southern blotting. We examined 18 loci distributed over both the long arm to the short
arm, as well as other AZF caudidate sites such as the loci, RNA binding motif (RBM) and deleted in azoospermia (DAZ) loci.
The peripheral leukocytes of the patient and his father were subjected to genomic DNA analysis. Interestingly, both father and
son had an identical microdeletion between DYS7C and DYS239. One possible explanation is that the Yq deletion of the
father is smaller than that of the son. The region of this putative microdeletion constitutes a novel AZF candidate gene, which
would be different from known genes such as RBM or DAZ. This microdeletion region is assumed to be located proximally to
locus DYS7C. From the Y chromosome yeast artificial chromosome (YAC) library we isolated a YAC that spans this
microdeletion region. Hybridization using a part of yOX21 (a 100 kbase pair fragment) showed different sized bands for the
patient and his father. It is possible that a segment that is absent in the son but present in the father contains a gene or part of a
gene that which is crucial to spermatogenesis. We therefore identifiy this 100 kbase pair region as possibly containing a
candidate gene for a novel AZF.




