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=Abstract=

Genes on the long arm of Y chromosome, particularly interval 6, are believed to play a critical
role in human spermatogenesis. The objective of this study was to validate a sequenced-tagged
site(STS)-mapping strategy for the detection of Yq microdeletion and to use this method to de-
termine the proportion of men with Yq microdeletions in idiopathic, obstructive, nonobstructive
azoospermia, severe OATS and in normal males. We analyzed three STS markers mapped to
interval 6 within long arm of the Y chromosome from 106 nonobstructive, 30 obstructive azo-
ospermia, 15 severe OATS patients, and normal 42 males in Korean men. By PCR, we tested
leukocyte DNA, for the presences of STS markers(DAZ, sY129 and sY134) and SRY gene as
internal control. And PCR results were confirmed by Southern hybridization, and were in-
vestigated by SSCP analysis for DAZ gene mutation. None of 42 normal males and 30 ob-
structive azoospermia had microdeletions. Of the 15 severe OATS typed with DAZ, sY129 and
sY134, 3(20.0%) patients failed to amplify 1 or more STS markers, and of the 106 nonobstructive
azoospermia typed with DAZ, sY129 and sY134, 12(11.3%) patients failed to amplify 1 or more
STS markers. From these results, high prevalence(12.4%) of Yq deletion(DAZ, sY129, sY134)
in men with nonobstructive idopathic azoospermia and severe OATS were observed in Korean
infertility patients. To avoid the infertile offspring by assisted reproductive technique using ICSI
or ROSI, preimplantation genetic diagnosis will be needed in IVF-ET program.

Key Words: Male infertility, Azoospermia, Molecular Genetic Diagnosis, Y chromosome mi-
crodeletion, Azoospermic Factor{AZF), Deleted in Azoospermia(DAZ)
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o2& 7t YA dH = FAA e s =
Adrt ol g A & wF B4 A xe] £
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Fol 2 et ELFEE deHlE Aeg &
#AA Ut G ELY Ade YA F
off, AbE 7o, Whel 2] obu} whol g 2] Zhed, WY
g g9, AR, AR, dA 28 2ol
2ol olg 29 So) A ok, AL #
e 5 g BUSAE 9% B &S A4
gk FAELEAY o 10%e FRASE

o] A1} oligbasthenoteratozoospermia(OATS) 57
& Jehith O e FagAEH 49¢ F
e 5 HE PTAATE A2 5o HBAAE
o) e WEHRLAE BFHT, FAE @
3} 2EHe Aol HPDA 2 Aol
t}.

47 240 215 AAg THAZIY
A RA A B3 A K A (congenital bilateral absence
of the vas deferens, CBAVD)2. 2 QI3+ A A=
dAolA 2L HAs] AP e wlA
Fe& E13 A FdEMicrosurgical ep-
ididymal sperm aspiration, MESA)3} IVFE o] £-3t
¥hio] 1985 A E &, H 2 JNEE intracyto-
plasmic sperm injection(ICSI) o] EUX] &
o] &% 1 9lch(Silber et al, 1994). 1} H-13k
A e HMolY Fnd FAPAFH xE ¥
A &E He A ol MESAE o] &3 A=)
H7t BrbestER, ol fAdMe 18z
Aol A A& A x(Testicular biopsy sperm extra-
ction, TESE)Z ICSIZ A 3t 2R A|7] % u)
o} ol4g Foha Be JUFE By
2t} (Devroey et al,, 1995), =31 11 8koflA] 218
4 AR E dehlie viHAE TS EYE

ro 12

AEL 2887 93 o2 multiple TESE-
ICSIS} round spermatid injection(ROSI) 8 o] o]
€83 ok v AN FAAF FAIME 2
gho] AFE BYolA FA7F FHHAEE mul-
tiple-TESE o g AzE 4dg F don
(Silber, 1995), A8 AT + AL ALE
AR BEIA] AA ARHAZE UR
Yo Fdate] 53¢ 5= ROSI(Tesarik et
al, 1995) o] BYA R o] &HT YT 2
gy @A del o] &5 3 gl ICSI 9% %
T FATAQ) WM o kgl YFHA
e Areolch. ICSI W o= $3 8 oA
QA o|4e] Erle REarh 9lem(Martin et
al, 1988), ool 9% AAEE EL AOE 23
T A AAAA $H 4@ QAAAE
50% o)) wolrl Aol AsetArt f4H9
= 7 o 2 (Hertig et al., 1959) <&l & glol, ICSIe]
Y ER AN fRH oz uEAARA $4 dol
&2 FAH AN dale =39 o
53 itk a#e ICSIe] o) g 57 37 o
e HANS, dake] £ &,
23}, dxtele] FHRAAV AFHE=R
JAe) Ade] o] FojAA Ferh 13
G EL @A o] 7kA] W er B
A& F ICSIE 93t A= FA &
| EAE 35 EYse F&o A
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A AAME Yol T e FHAEA pro-
tamine-5- A Zp ¢}, Ao @l A 54 x}(Hecht, 1990),
HAA Y] proacrosing TAd=v] H L3 sperm-
head specific protease -7 ZH(Adham et al., 1989),
a3 Y 9AA gol st ez €93
AZF $22}(Vogt, 1992, 1995) So] At}h. F ¥
A FFe 1ge) Pl TR NN TE
He $AZE X g4 Ao EAdte g%
2R =23 83 AH(Griffin, 1992)9} Y G 2 Aol
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Fig. 1. Genetic map and deletion map intervals of human Y chromosome.

F9r3tE cystic fibrosis transmembrane regulator
(CFTR) #4822 5ol vk {2 EAYES 2L
A ggE GAZT 2R FE4 FRAA
g =AW E Wl AU, FAFEAAEE £
Aste fAAE VTl WEA D Uk A
A FEdAME, dEEL S NN YEAA
o] #@n7BA Z4del Bag wh 5lon(Tiepolo
and Zuffardi, 1976; Yunis et al.,, 1977, Fitch et al,,
1985), dicentric 'Y 4 Aj(Ataya et al, 1983;
Chandley et al., 1986), ring Y 4 4} 4] (Micic et al,,
1990), 221 Y G4 2] A z}(Andersson et al,,
1988)% Jehll= HAE EY S el e R
2 RaHglon, ojHg Y Ade APy
A& B3t ko] o] Rojx 3 Yth

QU7be] Y I A £ pseudoautosomal regiond}
SRY #2428 £¢etn U &3} heterochro-
matic region¥} euchromatic region® 2 A H A
¢, centromere -0 2 o] Zo] A t}(Figure 1). &
ghol dto] =5l pseudoautosomal regionS
AME FE 2 ZAFEE A XA AA7)
(pairings)ol] #lslE R Eojm, SRY (testis-det-
ermining gene)-2 dA o R ol B3
€ FA4Z gelA dh(Figure 1). 1ZFAM &
Ao B47 AUY Y gAA B A7
Vollrath 5(1992)3%} Foote 5:(1992)el] 2|3 Y & 4}
A el ool v 9EoRE AUAALE
(deletion map)7} B LER Y QA% dd &
Ashe GAA7E G B3t Bele] Qi 2
£ A AU Vollrath F(1992)] o]l 2=
AAAEY RES STFELS g 235
A A FE" 4 9l STS(sequence-tagged site)

marker% ©] Fol A 9} o, ole| g STS markers
2 Y @44 2) euchromatic regiono]] 4] 220 kb w}
o EAeta, M2 WE8 A& E F AU
£ STS mapS. & FA o} ot

Ao BT Y GNA e EAlste £A
z2ke] #A g AFe FHASTE e
A8 EYERY Y GAANE dujF oz B
g v FEAQ Aol ExXjsle g wastd
A Az Qe 197613 Tiepolo®}  Zuffardivs 5
F2E Gde Y 944 A drjdezn
#FE /e AdES #AIA Yqdle FAEA
£ Z4 8= azoospermic factor(AZF)7} #A) §hc}
3 Aekelg e, 21 . interstitial DNA probe-g-
o] &3 Yq2] microdeletiono)] th3 A8 114 2
3} AZFel EA 5ol THHIAL, AZF § 9
o EAlgte FEAE At ATt Ma
=(1993)& 370 9] overlapping interstitial deletionS-
o]-&&}o] RNA recognition motif& 7}x| = §-d =+
¢l YRRM13} YRRM2E E<I3tgic). o)zigh
YRRM1#} YRRM2+= Y Al o) o8] 3o &
st gl ovk(Figure 1), AZFE2Ai9] & of
sAe AEINA AHEA 2U. Reijo F
(1995)& FAHAF ddor Y 4449 STS
markerZ o] -&8la] Ma $(1993)0] A}-&8i ¢ A K
0% 6 A2 Y G99 STS map2 2HA 619
o} 89 e FAAT dHowREH THE 127)
g} ZAAo) overlappingsl v AL RIERAI,
overlapping 9} ol A g &3} BHo] e A
28 §A- A2l DAZ(deleted in azoospermia)E &
glalel o, YRRM13 YRRM27} AZF9} 95}

¥ AL H10d9rt Najmabadi $(1996)&
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Aox Y 849 interval 69 thsl 267}
STS& ©] 83t mappingdt 23} 11 oA 1A
Z24E& Hastga, 249 4 F97) Page 5]
L4733 DAZS} UXehA] 52 Hustdeh ®
& Reijo S(1995)° I3} 8<1¥ DAZ fAA4E
RNA recognition motif$} 72 nucleotide7t 79wt
-5l DAZ consensus repeat?] 27] domain . E
FAHe] e Aoy By waksd ¥ 4
A Lo FAAEFE vepdlE AU 299
AZF] tigr ¥M8E dAEUS vt ¥
< A3t WS F8% 9oy, njgEA
o] §lv FHAS A} OATS A= Y
FAA Aol EAe FARE Ed¥eld o
& A7 Y] FHAQ 8908 B3| 1)
+ Z 23

add Y GAA Aol EAste fAR e o]
ol g Afde BxAdeE O]% g Al
L8 E4HE Wolx 0}‘31219%
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A E] A7 Ho] ot F59 G EUS
,—q_g:_ ;H/\]»og o],,] Tr7<~];<—1 _g_o]oﬂ EH (E
= 01—31 o] Zo|Zl u} gloh. mebA £ ¢
BAEE Gl e @ FEAS A EY R
Ao Y G nifAA FFE FALS
DAZ 44 212} RNA recognition motif & T4 8}
domainoll 4 2] mutationS ¥4 8} 312} 8H53 o}
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EER R
SERR
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SEREETT
1. A4 B ST

AFAE dTALE AN WL G B
FA4F FAHALE B8l FPAFoR A9
A B SR 136 (A A FH A 309, vy
A4 A2 106%)3} OATS 159L oz
91, A oz yld Sdo] 299
fathered male 4232 Wi e = dggon, d79
=4 zreZe A4S ez 3. 4
Fo] ALg3 STS marker:s Reijo 5 (1995)3%
Najmabadi 5(1996)l] ¢]3} ¢¢ln]stol vl# A4
TS AN 24 9xrt 7bg %8 STS
marker2 R 31%¥l DAZ, sY134, sY1298 AL&-38}9
oh =g @9 233 PCR ¥Hge dA

S markers

FAAE AR
2. ek

ol X & o oj| A genomic DNAZ| 22
3]
=

Jf APZNA AFHT F2EAL AY 4
32042 A s}sbe]  microcentrifuge tubeol]
Zg & 700 Basted AFEstgY) 2ERE Y

omXE gu7E EElste 1X SSCE 23] A
2§ & 100ug proteinase K(Sigma, USA), 0.5%
SDS, 0.2 M sodium acetate (pH7.0)-& 2ol 4] 164
2FEQr 56 CoAA 883 th Genomic DNAZ
¥7] A8l phenol FEH L ol &stA M, F&
o =g Felete] F2| 100% ethanolZ DNAES
AAAZl T 70% ethanol=2 A A slH . Ad
genomic DNAE A %3 F 4@ A ddgol =

o] &3t .

2) EstEA 4eH2(Polymerase Chain Reac-
tion, PCR)

287 A Agubgo] o] &8 DAZ §H A}, sY
129, sY134, SRY §A}9] primere I F
(F)el 93 FAPsAH(Table 1). ¥Hg 22
#= 50ulol 10mM Tris-HCI(pH 8.3), 50mM
KCl, 1.5mM MgCL, Z+ 0.2mM dNTP, 50pmol for-
ward primer, 50pmol reverse primer, 1.25 units 2}
Taq DNA polymerase(Boehringer Mannheim, Ger-
many)o = 2384tk DAZS} SRY §Ae] &
Z 2 multiplexy & o] &3t} FAl FH3UR
sY1299} sY134¢] tisiAx & zhzt SEsts o) B&
2.2 DNA thermal cycler(Perkin-Elmer, USA)ol| 4]
94co| A SE B w8 F SRYS DAZ FHAL
9] 7% 30 cycle(94T, 13; 60T, 18; 72T, 1%),
SY1349} sY129%= 30 cycle(94C, 18 58T, 18;
72°C, 12)2] DNA ZZ& 33 F HFH
2 724 108 E<F extension 5t o} W2
ZENEL 2% agarose gel AV EWHM R
st o
3) DAZ X X} 2| Southern hybridization &4

Hybridizationol] ©]-8-8 DAZ 53 x}2] probes
DIG-labelled dUTPZ Al-&38te] =T F A At
oz EAIYTH EA P probe= 1% agarose
gel 71958 433} agarose geli—‘?—Ei ZZ
ARL ¥Iam g BHES oW T, QA
quick Gel Extraction Kit(Qiagene, Germany)=
probeZ A 8ted AbEBtETH 2 AP LA
Z ¥ 10uge) genomic DNAE A3 & A EcoRLe
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Table 1. Primer sequence of SRY, DAZ, sY129 and sY134

STS Primer Sequence Diagnostic size
-forward 57 -gtt gic cag ttg cac ttc get gea-3

SRY Teverse 57 -gtt gaa cgc att cat cgt gig gic-3 7 295 bp

DAZ forward 5 ] -gtg tta cca ggc aaa atc g-3 ) 348 bp
reverse 57 -gaa ccg tat cta cca aag cag c-3

$Y129 forward 5 | -age tic agg agg ttc aaa ac-3 , 194 bp
reverse 57 -aag tgg gac cta agc tac ga-3

sY134 forward 5 | -glc tge cle acc ata aaa cg-3/ 301 bp
reverse 57 -acc act gee aaa act tic aa-3

2 163t o} 4 digestiondt ¥, 0.8% agarose gelol|
A A719% st 4% F agarose gelS de-
purination, denaturation, neutralizationdl & DNAZ
positively charged nylon membrane(Boehringer
Mannheim, Germany)2 2 20X SSColl A 1417t &
9t vacoum transfer 8} T} Hybridization® 5X
SSC, 0.1% N-laurylsarcosine, 0.02% SDS, 1%
blocking reagent 8- ol A 10ng/mie] DIG-labelled
DAZ probe-g o] 838l 70Tl 16413 E9F 4
At Rt vl HolH A& A A Al 70T
A 0.1% SDS7} H71E SX 8SCE 7+ 158 &
oF 28 AlF st} Eo|A hybridization2 #F
3taL2} DIG detection kit(Boehringer Mannheim,
Germany) & <] 83}
4) DAZ RTX ZELZ 2 SSCP 24

2t A¥Tog RE DAZ fAxe] £¢EA
A ut-g HFAE-S formamide buffer(98% for-
mamide, 10mM EDTA (pH 8.0), 0.05% bro-
mophenol blue, 0.05% xylene cyanol)E 108] 3]4]
g F 95T 5% B WSS T FA] 459
B#sE e} 21l 9 sampleS 0.5X MDE gel(AT
Biochem, USA)ol| loading 3+ 3 0.6X TBE buffer
oA 6W= 16417k F<t oA 2719 % 3%
o} SSCP Ho|Z &9lslr] Y3l silver staining
kit(Promega, USA)E o} -&3}%]t}.

2 o

L SIS BXjo|M PCRE 0|88 Y 44X
of ol M Ao chat ety

2} STS markero) tisle) PCRE 43¢ A7
AN@A QLA 295bp(SRY), 348bp(DAZ), 194bp
(sY129), 301bp(sY134)9} TEES A& + 3
Rer, EHAEE 4o DNARREE o
w et SEAEE QG 5 QA Figure 2, 3).

M1 23456789101121314

—3438bp
—295bp

spermic males by PCR.

Lane 1-2, positive control (fathered males)

Lane 3-7, azoospermic males without deletion of
DAZ gene

Lane 8-12, azoospermic males with deletion of
DAZ gene

Lane 13, negative control (female)

Lane 14, negative control (no DNA)

M, molecular weight marker VIII (Boehringer
Mannheim)

2. DAZ 5 X}2| Southern hybridization &4

Deletion W17} 7F4 %2 STS marker?l DAZ
GAR] ALE FQ13817] 93l genomic DNA
22 ¢ southern hybridization(Figure 4)& £ 8%
Z 7} fathered males] X £} PCR ¥h-g-of o3t £
A Ade] gle AR gdd ABAME F
2kb ©] bandE A Y T AR PCR WY e
2 Ado] FU° A 8o e 0w g bande &
Q18 & 9t} o] & severe OATS hAjv}h 3
A2 Ao Y GAA 9 nAALL 895t
3o 4 PCR #o] §83 202 Jepsteh

3. Z+ STS markero| 2 ojMZ A9 giT

AA¥Es AR B Aoz g@A STS
markerE A}8-8fo] 159 2] severe OATS $hx}e}
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- 301bp

]
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[ Yoy
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[ .
| -

—194bp

Fig. 3. Detection of sY134(a) and sY129(b) dele-
tions in azoospermic males by PCR.
Lane 1-2, positive control (fathered males)
Lane 3-7, azoospermic males without deletion
Lane 8-12, azoospermic males with deletion
Lane 13, negative control (female)
Lane 14, negative control (no DNA)
M, molecular weight marker VII (Boehringer
Mannheim)

A A 32 1361 7} fathered male 4273 2 3
23t A3} (Table 2), OATSOI M = F 39 (20.0%)
dlA Y a9 mAEALE By e DAZ &
A= 29 (13.3%)90 A, sY1299} sY1340 A &= 2}
7} & H(6.6%)NA Aol et TS
Szt A HA g oz Add 308 M E zHzhel
STS markeroll A Z4-& Ho)z] ggtort, v =4
A ZRARZ82 106983 1278 (11.3%)9 A Y &
A e vA A E BT, DAZS] 7% 109
(9.4%)ll A sY1349} sY12929] 7 %o &= 8% (7.5%)
Aqx BHE JeERlY. X% FHdHzFA
fathered maled] M= @ o] A" RE STS
markero]| Al oj w3t A A= FAE R gkt

4. Y HMA| ojHZAS JIE BXlo] UatA
£ Zl(Table 3)

Y g4 oA dE S e @ 2 sl

Fig. 4. Southem hybrldlzatlon of DAZ gene in
azoospermic males.
Lane 1-4, azoospermic males without deletion by
PCR
Lane 5-8, azoospermic males with deletion by PCR
M, molecular weight marker VIII (Boehringer
Mannheim)

B volE 3574 ol en, nte] 88 3
T 1212(3/5)mlejR ow, M= 3mLoA
25mi7tA] TeFatAl vebkt. A48 Jebd
severe OATS TollX = H 1514.6(F/F-)mLE
VRt A AR ztel st gl ed, A4 & vE
d HEAAE FRAS AL BE 11511
dmLE FAalo] H|3te] HAaE Ao JER:
ok aElm Y A A vlAd o] velhd vlH 4
d FRAAF ‘€r’“ %?:!;VM]H g9 =244
2 AL 2HF 1084 &A= AN
=1, Sertoli cell only syndrome©] 3%, maturation
arrest7} 68, Leydig cell hyperplasia’} 14 2 2 1}
B} ke zAweRae 2248 e,
N EE A4 A2 FAAZRE Ge . vlA
AAE Zres 15H M AEFAEH 4y 2
2 ogold 2AEE, cRNE B4
o) 46XY S8 S B3, 2ol AE 45X/46XY
mosaicisme Rt} EF_§} 199 A=
46XX °] o] R oL}, SRY AR} Z‘-zﬂz‘ﬂ-
1 Qe AoE veith Y GAH plaaa
Vel 159 0] FSH a5 5E 15.5i8.8(IU/L)°]
Rem Fes 57904 350714 thekstA e
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Table 2. The rate of Y chromosome microdeletion in azoospermic males according to diagnostic evaluation and

STS markers

Diagnosis Fathered OATS Obstructive Non-obstructive
STS (n=42) (n=15) (n=30) (n=106)
DAZ 0 2(13.3%) 0 10(9.4%)
sY129 0 1(6.6%) 0 8(7.5%)
sY134 0 1(6.6%) 0 8(7.5%)
Total
microdeletion’ 0 3(20.0%) 0 12(11.3%)

" Total numbers of microdeletion more than one STS marker.

Table 3. Clinical charateristics of 15 infertile men showing microdeletions of Y chromosome

Patient Diagnostic STS markers Testes hol Karvot FSH LH T
No. evaluation SRY DAZ sY sy A8 size  Testes pathology aryOlyPe (1u/L) (IU/L) (ng/mL)
120134 (™D
YJ-1 OATS + - 4+ + 28 14/14 NA 46XY 63 4.7 6.5
YJ-2 OATS + 4+ - - 40 14/14 NA NA 49 70 6.1
YJ-3  OATS + - 4+ + 36 17/16 NA 46XY 63 33 5.6
YJ-4  Azoospermia + - - - 36 5/5 Leydig cell hyperplasia 46XY 35.0 23.0 4.5
YJ-5 Azoospermia + - + 4+ 34 5/5 sertoli cell only 46XY 125 80 4.8
YJ-6 Azoospermia + + - - 35 25/25 maturation arrest NA 57 33 4.3
YJ-7 Azoospermia + - + + 34 10/8 sertoil cell only 46XY 190 73 5.0
YJ-8 Azoospermia + - - - 36 18/18 maturation arrest NA 100 7.9 43
YJ-9 Azoospermia + - - - 44 53 NA 45X/46XY 23.0 838 4.9
¥J-10 Azoospermia + - - - 35 §8/7 NA 45X/46XY 240 11.0 5.6
YJ-11 Azoospermia + - - - 33 8/8 sertoli cell only NA 190 100 20
YJ-12 Azoospermia + + - - 40 18/20 maturation arrest NA 7.1 56 34
YJ-13 Azoospermia + - + + 36 18/18 maturation arrest 46XY 230 82 5.4
YJ-14 Azoospermia + - - - 34 8/8 maturation arrest NA 160 67 22
YJ-15 Azoospermia + - + + 35 10/12 maturation arrest 46XY 200 130 2.8
Mean+SD 357 1246.0/12+64 155188 85+£484.5+14

NA, not available; OATS, oilgoasthenoteratozoospermia; FSH, follicular stimulating hormone; LH, leuteinizing

hormone; T, testosterone, *
right and the left testis, respectively

Y, OATS oA 33 5.8IULEN A AR
(1-14IULE B o, vim Ay A5 B
Ao §hofiA AR sezie® JEyn
LHe| wX&= OATSOlA H SIULEMN 34
(15920 B, viga4 23xs &
R P R e R %k‘fw‘r vl ] g xpol A
B A fA el @xigtel Walsl & Ao
2 vEld}. Testosterone?] 739 QATSo|A] = 3
T 6.0ng/mLEN & 4Fx](2.4-18ng/mL)E B9 o

HH 4 FAHAE skl H 4Ing/mlE
SRS RS
5. DAZ 3 MAt2el RNA binding domain0i|A 2]

B0l

Severe OATS(15%)9}h v | A4 B4 A& &=}

Testicular volume, measured by Prader orchidometer, refers to the volumes of the

(1067)o1 4 DAZ HaAte] Bl g t
7] 98} DAZ A9 PCR ZTEHAHE-E SSCP
B8t 21} o] g SSCP variants B x| x| &

sreh

3lo
34

“

ot

i

et

19883 Lanzendorf 5ol o3& <17te] B9 & &)
Adsty] Yste HAx=2 AEHYH ICSI
199213 Palermo 5o 93 14l AFo] BudE

Z Boagztel AEAE fAser N K
%J Eelxgyes olgsn 3»:} A ¢
AAE FEoldld WA el F<sl= conventi-

onal ICSI(Van Steirteghem et al., 1993a; 1993b), 5
agellA AAHE AHAE o] &8s MESA-ICSI
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(Silber et al,, 1994), 22i 2 AMHA D3] HHT
drx F&3t HAAZ o8& TESE-ICSI
(Devroey et al.,, 1995)dl 4] ZEdo 2 =& 3
B3 A4 EZ JYERY OATSY # A T A5
& Boly $xtoA EYo I ES AZY F
A Hth =8 ICSIE A2 94 89 o9
Aoz Qg Belox wxgden A 250
e FAEY A& Ve D ST FE
5, 1996). 28 g FAEY A,
Zol A AAEA RAE vehie vEgA
AAS A gl A3 OATS oA £
o] dle}l $AA 2AY B¢ ICSIE o] &g F
e BEUES V= 538 do] o 4
2 Add 4= glch(Reijo et al,, 1996).

A Bds} #Hol U FEAES A
EFEY 4 U4t A A TR ARAERE
GA Bl gl A A M A HEH = F
A grolm, F WA R Qb Bile #HE
FAAT 18] 1 vt o 2 A4 EollA HE
o} Ql7tel Aal7l s HS AAE 2 /3
2ZF Bol ey, Fate gl QML
Zbo] channels o]} A} ¥t (intercellular bridge)
5 E3ld fAA dHLdEC] ojFE £ Ut
(Braun et al, 1989). Y A4 Zd EAst=
AZF FAAE A AR /A 34 34 A1 A
HAEANA FAH = FAR T Fay oA
Aol &A1Y A ICSIE Fotd 473 74 o) A
olE Al 100% A E . wekA AZFe] Wofd]
ol FA EdSAdM e ICSIE ol &8 473
o] A =l oo} g,

2 dAqZsz & o FAleoly A4 74
A% Fxlord 3 FARFLL FAHo=
of Zoj A v kA2 F¢) fathered male} #2443
FAAZ gagol e i@ Aol vehta] &
3 HAYAE FRARAFT $AG, A& OATS 84
ol A vrehd Ao g Hol o] ExlitdA] A
g ZFele Y dAH 9 v A 7 Ao
2 gl =3 YEAA W vl ZdAe] H]
&2 B AdFdA AHSEA @& dE F99
STS markerE o} 83t} EN3F S of F71eA
g Aoy, g% ¢ B& A7 €838t ot
A Y gade 448 BNt A2 G4 EY
o] A& Adst=d YA w5 Fasith

e A4lo] 2 E severe OATS WA 24
Bl el A AHE e, B AT

¢

o K

tjo = 4

o o

oA ZAFE STS marker ©] 9]¢} ThE F-9jof &
At FAAS0) FAFE AR BT o
g 259 FAAEC] AAFHNE S 2EshE
Aoz B 4 glth(Vogt et al, 1996). welbr] Y &
Az e e 29 o EAslE STS markersE ©]
23 AZFS] 2 go] B 83}7 7} STS markerE ol
A AR 715 Hile Ao Bast
o},

B el 2} STS markero] thgk PCR &EA4k
2o gARRFAN FTEHA @i DAZY
Southern hybridization 23 % Hol Y A A
o] =Aste AL AT 4 3U%lom, severe
OATS @A} FAAZE FAA Y A9 v
AANL Boste FFolM PCRY F848E
Zuy 3 g AN ET AR B2 Ao ¢
22 DAZ, sY129 28] 3 sY134¢] STS markerE
Abgsted @srel FHAL Sape] Y G4A A
9] wAAAE zAE A 1589 severe
OATS &3}, HlH 4 FAAS A 1063, 3
A BARZE 384 308 T} fathered male 428 &
B A5 AT (Table 2), OATSOM = ZF 3% (20.
0%y A Y A2 nZdA g B e, v
4 FAASZSA 106%F 12%(11.3%) A
deletions E@d A4 FHAS B9 &
A g2 E STS markerol] 4] 24 & Holx|
oo} trE ATAER FAG 2HE Yl
21 THReijo et al., 1995; Najmabadi et al., 1996). 1
gy @A Agse] g o] &8 1 e Ba A
Azl ICSI ez 8E /Msd Tor R
3 OATST A = ulA Ao} et Aos
Hol BAFAETHY AG glol OATST A
ICSIZ A3l & A s ojof 3 Zeolnt

Tg Aol ZAsle FATY nFRH
Ao visled Bgton Y GAXF A F
©] STS marker % & FFoletx v Ad] &
A st xte] zAHe g8 L& hyposperm-
atogenesis, Sertoli cell only syndrome, maturation
arrest2 VERG v A TS e I
2 zAAAF FAE F4E ek ot
A ;o] dutAel zAWeA LA 9T
g Ry Agke fAAA 2de BHY F
A4S FHolth g nA Aol EAste &4
&3 BAZI} 298.L 45X/46XY mosaicismE U
ey, 132

_'(,)r

Wt ro

46xXel HFg 7tz e ®
A7} translocation® 738 A elgln &

-374 -



FAAA 98 E vehin ole AMERAE
A g 2Hoz A4AA E8AE vey
T BANE YR A S v d o] £ &
SEE B, EYAT Al Y FA4A9] w4
AdE A A9 FAFEEAA i

o

s

Fasfor & Aot} gt njH Aol Vel g
Ao A ¥ AR A4 AFEaEe 35
VFER $hxp= FSHo) A 8 v
R, Mg 7o) §X 9 BAgle] A
Zol VEdg Ho 33 gl en steroid hormone
o AR FLE FAsHE FAdA dAe] YE
¢ Rog Hol iy 893 AAUNSES B
3 3ok

Ar AT TR RS Bopol
A FRAGe] o]FE Y] YT o] Ak
3 Yk AAAY SH, A oS Awd
7} #1 %t FISH(fluorescence in situ hybridization) ¥t
¥ (Miinne et al., 1994; Roh et al,, 1996)3} & 4}
Fie oldE& Addry] ¥ PCR Wy
{Handyside et al., 1991)% o] &%} preimplantation
genetic diagnosis(PGD)7} 7o} o] 851 ¢l
o KA FEAA EAELE ADdsu

St =& w3 g Aol o ATl 93
H Ba=S YEUE $AxE0] HuHn
€ AL E%

= L

3 olE EYFAANAM ekst
T
[+3

%,
stk Y @A A Aol vlx A o] EA3te &
dre 4E€ Fotd A fAden R

BAEE bl bS5l 2408 AT £ 3
Aotk mpeba @

o
=
£ o189 BEYNEL A 8T B S YEA <]
|

A Zabo| M = IVF-ET programol| A 2FA4F
A FAE Hgol 2ag Aol
z =
el YA RS E e s B8 /4
H 018 zalaly] 93tal F Al Bl dlatel A
PG AE 2 Y daA g v Add &5
& ZAtstm, DAZ 53442 RNA recognition
motif & A 3l domaino| A 2] mutationg ¥
szt sttt AFAAE HHAAY FAAE
1069, A4 ¥4 2Z 301, severe OATS 157
& it e g o, A9 ALggh STS marker

e A TS A A Wzt o}
A == o STS marker?l DAZ, sY134, sY1202 o]
gtz AFUy 7o TREQAAN
genomic DNAZ Ez|3t & Z¥ 82 A48
¥ o 2 DAZ -FA A} sY129, sY134, SRY #-3
e ZZste] E41351, Southern hybridization
o2 DAZ fAAE Felskglen, SSCP W
o @ DAZ FAAe] Bl g 2ALEATH

A4V =7t e STS marker 3 £7-& 48
A, severe OATS Foll A+ 159 5 3%(20.0%)
A Y a4 vAddE By DAZ &
AR} 2 (13.3%)90 A, sY1299} sY1340] A = 7}
Z+ & (6.6%)01 A Ao Vegth £ v
A FAAZIA 106 S 1298 (11.3%)0 A 7
AAAL BEE=d], DAZS Z % 107 (9.4%)° A
SY1349} sY1299] & 9o+ 89H(7.5%)l X A4
< Jepich s A Y AS gaet &
A z3+9l fathered maleol| Al el AMEE
HE STS markero} A ojuwdt AA% #AH R
Bkt

o]ipel AMW=E Hol 34 EUH
Z¢ Jehdle fAAEA & A
S Yehil & A9 24 A s
8380, Y GAA] Aol njAlZ o]
A e FAAEZE Y E o5
whx]5}7] 98l IVE-ET programof| A &4
Ak ol Wag Aok

Tl
w2l
EAP
fr 4o :{z i
2 o Ae oy oy n2

[ MN’
oo

2l

2
[=)

Ho
rak

Adham IM, Klemm U, Maier WM, Hoyer-Fender S,
Tsaousidou S, Engel W: Molecular cloning of
preproacrosin and analysis of ifs expression pat-
tern in spermatogenesis. Eur J Biochem 1989,
182, 563-568.

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

Ataya KM, Dudin G, Mroueh, S: Dicentric i(Yq)
chromosome and azoospermia. Am J Med Genet
1983, 14, 583-590.

Braun RE, Behringer RR, Peschon 1J, Brinster RL,
Palmiter RD: Genetically haploid spermatids

-375 -



are phenotypically diploid. Nature 1989, 337,
373-376.

Chandley AC, Gosden JR, Hargreave TB, Spowart
G, Speed RM, Mcbeath S: Deleted Yq in the
sterile son of a man with a satellited Y chro-
mosome (Yqs). J Med Genet 1989, 26, 145-153.

Devroey P, Liu Z, Nagy Z, Toumaye H, Silber SJ,
van Steirteghem AC: Pregnancies after tes-
ticular sperm extraction and intracytoplasmic
sperm injection in non-obstructive azoospermia.
Hum Reprod 1995, 10, 1457-1460,

Fitch N, Richer C, Pinsky L, Kahn A: Deletion of
the long arm of the Y chromosome and review
of Y chromosome abnormalities. Amer J Med
Genet 1985, 20, 31-42.

Foote S, Vollrath ‘D, Hilton A, Page DC: The Hu-
man Y chromosome: Overlapping DNA Clones
Spanning the Euchromatic Region. Science
1992, 258, 60-66.

Griffin JE: Androgen resistance: the clinical and
molecular spectrum. N Engl J Med 1992, 326,
611-618.

Handyside AH, Kontogianni H, Hardy K, Winston
RML: Pregnancies from biopsied human preim-
plantation embryos sexed by Y-specific DNA
amplification. Nature 1990, 334, 768-770.

Hecht NB: Regulation of ‘haploid expressed genes
in male germ cell. J Reprod Fertil 1990, 88,
679-693.

Hertig AT, Rock C, Adams CE: Thirty-four fer-
tilized human ova; good, bad and indiffernt, re-
covered from 210 women of known fertility. A
study of biological wastage in early human
pregnancy. Pediatrics 1959, 23, 202-211.

Jarvi: Cystic fibrosis transmembrane conductance re-
gulator and obstructive azoospermia [letter] Lan-
cer 1995, 345, 1578.

Lanzendorf SE, Maloney MK, Veeck LI, Slusser J,
Hodgen GD, Rosenwaks Z: A preclinical evalu-
ation of pronuclear formation by microinjection
of human spermatozoa into human oocytes. Fer-
tit Steril 1988, 49, 835-842.

olFE, T, AT, 4B, AFH, oleH,
#7334, =4 4Y: Polycystic ovarian syndrome
9 severe endometriosisE 712 Bl Fxjol A

AEAY BAFYe & FHEH 4
g9 F7. eyt 199, 23, 137-
143.

Lovell-Badge R: Testis determination: soft talk and
kinky sex. Curr Opinions Genet Dev 1992, 2,
596-601.

Ma K, Inglis JD, Sharkey A, Bickmore WA, Hill
RE, Prosser J, Speed RM, Thomson E, Jobling
M, Taylor K, Wolfe J, Cooke HI, Hargreav TB,
Chandley AC: A Y chromosome gene family
with RNA-binding protein homology: candidates
for the azoospermia factor AZF controlling hu-
man spermatogenesis. Cell 1993, 75, 1287-1295.

Mallidis C, Loveland K, Najmabadi H, McLaughlin
R, Baker G, Bhasin S, de Kretser DM: The in-
cidence of the deleted in azoospermia gene in
infertile men. Abstracts of the 12th Annual
Meeting of the EHSRE. 1996, 56.

Martin RH, Ko E, Rademaker A: Human sperm
chromosome complements after microinjection
of hamster eggs. J Reprod Fertil 1988, 84, 179-
186.

Mimic M, Mimic S, Babic M, Diklic V: Phenotype
of two males with abnormal Y chromosomes.
Clin Genet 1990, 37, 321.

Munne S, Weier HG, Stein J, Grifo J, Cohen J: A
fast and efficient method for simultaneous X
and Y in situ hybridization of human blasto-
meres. J Asst Reprod Genet 1993, 10, 82-90.

Najmabadi, H. Huang V, Yen P, Subbarao MN,
Bhasin D, Banaag I, Naseeruddin S, Kretser
DM, Baker HWG, Mclachlan RI, Loveland KA,
Bhasin S: Substantial prevalence of microdele-
tions of the Y-chromosome in infertile men with
idiopathic azoospermia and oligozoospermia de-
tected using a sequence-tagged site-based map-
ping strategy. J Clin Endocrinol Metab 1996,
81, 1347-1352,

Palermo G, Joris H, Devroey P, Van Steirteghem
AC: Pregnancies after intracytoplasmic in-
jection of single spermatozoon into an oocyte.
Lancet 1992, 340, 17-18.

Roh SI, Kim HJ, Lee DR, Paik HR, Cho JH, Yoon
HS: Pregnancy from translocation carrier pa-
tient with recurrent abortion by preimplantation

-376 -



genetic diagnosis using fluorescence in-situ hy-
bridization. Abstracts of the 52nd annual meet-
ing of ASRM. 1996, 63.

Reijo R, Alagappan RK, Patrizio P, Page DC: Sev-
ere oligozoospermia resulting from deletions of
azoospermia factor gene on Y chromosome.
Lancet 1996, 347, 1290-1293.

Reijo R, Lee TY, Salo P, Alagappan R, Brown LG,
Rosenberg M, Rozen S, Jaffe T, Straus D, Ho-
vatta O, Chapella A, Silber S, Page DC: Diverse
spermatogenic defects in humans caused by Y
chromosome deletions encompassing a novel
RNA-binding protein gene. Nat Genet 1995, 10,
383-393.

Silber SJ, Nagy ZP, Liu Z., Godoy H, Devroey P,
Van Steirteghem AC: Conventional in-vitro fer-
tilization versus intracytoplasmic sperm injection
for patients requiring microsurgical sperm as-
piration. Hum Reprod 1994, 9, 1705-1709.

Silber SJ, Van Steirteghem AC, Liu J, Nagy Z,
Janssenswillen C, Tournaye H, Derde M, Van
Assche E, Devroey P: High fertilization and
pregnancy rate afler intracytoplasmic sperm in-
jection with spermatozoa obtained from testicle
biopsy. Hum Reprod 1995, 10, 148-152.

Tesarik J, Mendoza C, Testart J: Viable embryos
from injection of round spermatids into oocytes.
New Engl J Med 1995, 333, 525.

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

Van Steirteghem AC, Liu I, Joris H, Nagy Z,
Janssenswillen C, Tournaye H, Derde M, Van
Assche E, Devroey P: High success rate by in-
tracytoplasmic sperm injection than by subzon-
al insemination. A report of a second series of
300 consecutive treatment cycles. Hum Reprod
1993a, 8, 1055-1060.

Van Steirteghem AC, Nagy Z, Joris H, Liu J, Stacs-
sen C, Smitz J, Wisanto A, Devroey P: High
fertilization rates after intracytoplasmic sperm
injection. Hum Reprod 1993b, 8, 1061-1066.

Vogt PH: Y chromosome function in spermato-
genesis (review). In Nieschlag E, Habenicht UF
(eds), Spermatogenesis-fertilization -contraception.
Molecular, Cellular and Endocrine Events in
Male Reproduction. Vol4. Springer Verlag,
Heidelberg, Berlin, New York, 1992, 226-257.

Vogt PH: Human Y chromosome function in male
germ cell development (review). Adv Dev Biol
1995, 4.

Vogt PH, Edelmann A, Hirschmann P, Shan Z,
Tenscher S, Urbitsch P: The Y chromosome
and (in) fertility in the male. Abstracts of the
12th Annual Meeting of the EHSRE. 1996, 32.

Vollrath D, Foote S, Hilton A, Brown LG, Beer-
Romero P, Bogan JS, Page DC: The Human Y
chromosome: A 43-Interval Map Based on Na-
turally Occurring Deletions. Science 1992, 258,
52-59.

Yunis E, Garcia-Conti FL, de Caballero OM, Giral-
do A: Yq deletion, azoospermia, and short sta-
ture. Hum Genet 1977, 39, 117-122.

-377 -



