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Identification of a Human Y Chromosome Specific DNA Probe and
Their Clinical Application by Fluorescence in situ
Hybridization Techniques
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Objective: The present study was undertaken to synthesize a human Y chromosome specific probe
and to confirm the usefulness of the probe for fluorescence in situ hybridization (FISH) in various types
of human cells.

Methods: An approximately 400 bp DNA fragment of the DYZ1 sequences was synthesized by
PCR using digoxigenin labeled dUTP (dig-PCR). The fidelity of probe was tested by FISH for cultured
and uncultured human lymphocytes, amniocytes, chorionic villus cells, embryos, sperms, and germ cells
of seminiferous tubule.

Results: The human Y chromosome specific probe hybridized specifically to Y chromosome of the
cells that had been tested. This probe assigned to the Yq12 region where the DYZ1 repetitive sequence
is concentrated.

Conclusion: We have identified a human Y chromosome specific probe that hybridized specifically to
the Y chromosome by FISH for various types of uncultured as well as cultured cells. Therefore FISH
technique using human Y chromosome specific probe should be useful for clinical application as a
diagnostic too! for the detection of human Y chromosome.
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Fluorescence in situ hybridization (FISH) 7]&o]%
EA nucleic acid7} GAAN L N} F32] 40

& F A3 Jzsha AeAdel EAlske J9el
A AR (probe)st th3EAL (target molecule)7tol

ool YA =71 AR Sk WHoEA HAA
X318t 71 (immunocytochemistry) @} 233t &
n73HoR o]59 F3HA BAEE AR AT -
A Woltk o] YT nucleic acid7} A4RA
Aol gomg B AMEE Ad DNA 2
RNA probe®} single strand DNAS Z33te] 714 &

A7 A H= Aol o)A in situ
hybridization 7)€L F2 WA FHYAE F3A|
7111, SAPSARY (autoradiography) & E3 A3
o1} #Ho| = nonradioactive label o2 FFE
2L o]83k] in siu hybridizationo] §EFo2H
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olglg 7le§ ol83ld YdHoz dd {Az
A% A, A9 a4 W F2H ol A4 ¢
AR vid A& A4 B BA T v 52
2&3A AT 5 e ¥k olE} B At
o] GAAY 9 et 5 faxte] gl w2
Aol AS Z4= gk AdfHAG gl
A ole] G848 HAuRE oMo FISH 7
=8 o]4F 13,18, 21, X B Y GAF N T o
g ke AAR 2 ANAZRE A4E marker
chromosome ] 7 4,* ring chromosome2] 24,5 tran-
slocation®) A4 F triploid®] FA Fo] RuHR
Qi A 4 A8kl Charcot-Marie-Tooth di-
seaset} Williams syndrome, DiGeorge syndrome2] 7
M5 Bagm Qohh? oM x et opel 3
2§ (CVS) % Hlo} RO RER FISH 7%
of o3t #&AY AHES Bustn glomg h
ARG gle] FISH 7]&o] ml¢ Al&3la 4
3 AU S AAE JekY e A
& ol 4% A A FHWE (preimplantation genetic
diagnosis, PGD)0l| 9loiA] @l &8 Eelslal FIsH
71&s A8gozn 53 QA o U &
A A e] AL 59 AL rFsskA ekt
ojtel AN ¥ol gisiAM = FISH 7| 283
TEo] go| AEL Jed 53], Axke] JaH
ol dE ANt BEY A& Ptz 3k A
TFEo] gwE FYPHu gopB

ol g FISH 71¥ 9 EgAd= B3l o}
7R diH oz AejgAgo] sy, Folnch
FISH& probe?] 7§uto] w|E&lm, Ads A&
probeZ} wi-g- 17tolB 2 UNHA Algol= T of
#&o] gk FISH =305 A& probe= A 54
FAAE O (target).2-Z T single copy DNA probe
9} S /F2] repetitive DNASS tito = 3+ o
AA Eol probert ATt Abgol 9lojA AF7A]
AdEo] A APLozZ AIREHT Qe FISHE
probeE2E 2% 54 YA vl AL (micro-
deletionyol] 7]V - A% HAE probe, SF F
WA EY DAL A3 probe, oAl (aneuploid) 2
AE AP HAIEE probe R 7 FAAE Kol
probeE0] Stk o1& F Y EAA So] probe (human
Y-chromosome specific DNA probeyZ ©]-4§ FISHE
AE QY A9 +4 £ T2F oy Bt
OJAIE (mosaicism) S BA|Sh=t] o]§d 5 Jg B
gF o} sex-mismatched bone marrow transplants®]
24 9 X-linked disease®] AFd T2 244 A #4

AL 7153 JupH?

uebx] B AR Y G dge] A
42 48l DYZ1-S oo to] Al v ¢
A% Eo] DNA 'probed /sl o]& o]&3at]
W FFAE, FREAE, AT AR 9 AR
FAAAZ FISHE F3FTe2H £ probe?] 415
A& RISty FISHY| EYE Yolrle] 24 71
523& AXEtzA} g

AT Tha L e

FISH ¥4& #1359 A8 AXREEL 199
3 395E 200003 109747 F4F Alsiakel ol
W Ag SatEo] AALREERA 0|59 AR,
§28 5 4%, ANPHAE L AAE o
o2 &9tk DNA £2] 2 probe A2 AT
el A F9 A4 Ju 15EeRFE AL
T B3 o5 BxPAozHE NIYLE &

3fe] 0]-8-8}1iT.
1. Alte| Y HMH 50| DNA probe2| /%

1)Y @MH E0] DNA primers2| M|}

Nakahori®*7} AAI & AbEe] Y GM4A So] W&
A DF (human Y-chromosome specific repeated
DNA family)2.2 ¥¢# % 3,564 bp2] DYZ1 E7]A
dE o} fstd] Alge] Y B4 o] PCR primers
£ A3}k Primerss DYZ1 3,564 DNA E71%
% o 4008719 & o= B9, ¥ primers
o] F71E 20 mers AEE 3} Primer 3 softwareE
o851 =9 oligomerE A3’ Zad @
714488 2 410 bpEA forward 2 reverse primersT
7} 20 mers©] I, DYZ19) 2,029 bp-E} 2,438 bp7ZlA]
hybridization F)E= A4

pyziegHy ARy v E4A Eof primers?)
H7IMEE o gt

Forward sequence 5'-cgattgcattgeatactaga- 3° (20 mers)

Reverse sequence 5'-aatggaatcacaaggaattg- 3° (20 mers)

2) Probe2! H7|M¥ (sequencing) 2%

’$7] primers® PCRE AHEE-E QlAquick PCR
purification Kit (Bio, CO., Lld)E AA 8L 0]F 1.5%
agarose geloll loading® & <% 400 bp] bandThe 2+
2Zhlio] oF Gene clean kit (Bio 101, CO, 1d)E £
313tk o]A S pGEM-T easy Vectoroll cloninggl 5
EcoRIE A st 4 #-78 skt USS se-
quence kit?} ¥S-JATPE 0]83}9 dideoxy chain-ter-
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Table 1. Thermal conditions of Dig-PCR probe synthesis

Temperature Time No. of cycles
Initial denaturation 94C 5 min 1
Denaturation 94T 1 min
Annealing 58°C 1 min 35
Extension 72TC 45 sec
Last extension 72C 5 min 1

mination HH L2 HrIAAE AAEGCEE

3) Labeling

£ 2 ¥l Dig-PCR probe synthesis 2 ©]
£3}o] labelingS 4139 TE PCR reaction mixture
BM)ZE AA o) 50 pl7t H%EZ PCR buffer 5
PCR DIG mix 5 pl, primer (10 pmobul) 2+ 3 pl, enzyme
mix 0.75 ul (2.6 unit), human Y-chromosome specific
DNA 2 pl (100 ng), ddiH,Q 31.25 w8 wbeo] ¥, 7}
WA 33 F PCR machicine (Bio-Rad)2.& labeling
stk

PCR Z71& Table 13} i1, A4k AHE (PCR
product)< 2% agarose gelo Z71%8%F3F - 100 bp
DNA ladders} Bl &} band 949} 21 558 &
QIstsick

2. B2 M

FISHE 8 NZFEES ohgy go] Azs)
Fok

1) W8T ME (Lymphocytes)

doll wjFg o] &3 JA FTEE AFsH] 9
sl oz A T2EA 03 mlg 10%9]
fetal bovine serum} 0.1%2] penicillin-streptomycin,
2831 0.2%2] phytohemagglutinine] -8 RPMI
1640 wljofeloll Y11 37°C 9 5% CO, ¥iY7]ofA] 7241
ZH Bk wiokek & 9l £E 1A Aol 01 mlY]
coleemid (10 Wm)E A7}siTh wWioo] Faa W
T AEE 0075 M KCIE drkstel 37C ghes
ZollA] oF 2087 AAAA AR Mg s 1A
2 (3:1 methanol:acetic acid, vv)2.2 33| 1% A

F zetol=g AR,

A7), A A% §- FISHE #3834 BE08
AHEEFSIT

2y 2k=A|Z (Amniocytes)

155 ~195F ¥ Holo] 4 2~3 mlE micro tube
2 271 F 8000 pmollA} 1083 Yawe] ARt
Axete) 2818 98] 0.05% proteaseS 1 ml H718H
of 37°C gFeFzolal 2087t ks Al
A7) & 1 mle] A& (0.4% sodium citrate+6% calf
seum) 93 & 41 vk th) 37C 450
A 2087 A st o)F ader 2%
A7 & P 29y sefolzo] HEAE "o
H ZE A

3) 82 S2ME (Chorionic villus cell)

AHe guEt gz RANIE AL
2A 2250t} ol F 1 mg XY §FETE
FISH E2o=2 Aty UHr] §ruhd A4 2
g 913l A7) wiekg AAskIch

ARAH FRTE 2~33) HBSSEALE MY F
129 sodium citrate® 30%-7F A3 Aglslil 1o
0@ 2~33 1A A F aA AL Fohln A
AZAFHLE o] T 60%9] acetic acid®Z 0.5 ml #
7hek ¥ 20~302 AL AN T FAIE o]&
&) gRrTogRy 429 ATXAE FYskUch
ulg] A3 AzAZ SThol= Yo 1~
) AErt 2% 2 9E A 9 oz
=g gdoln musta ol nF:AT F BRSO
2 ARg3elch

4) #H2t (Human embryos)

9] SAAIA wjord 4H 70l wiekEs] (bla-
stocysty7}A] @] e gk & o]l FojE 4 gle Wl
A} =TS PO R FISHS 913 REo2 A
Astdch FAT] 2 AFE Munne 5701 Al
A& wHoz #njAslolr] $AE PBSE A
3tz ZElolzol &% & 0.1% Tween 200] Tid
00IN HCIH-E Ao AA3] "Holmed Az

)
=

202
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< &A3] AAT TS ARAA FA FROE A}
L deii=g

5) & Xt (Sperms)

2~3 mo] HNE 5 mio) Ham's F-100.2 543}
o 400 gollA 3R AHEET F $FEE AA
st ohA] 2~33] A A F SEfo]= 9o
TSI AFolA AZAZTE AR ETe|=E
aAde] gzl FEAR] Yol WAAJE A 1A]
G AE 3N F A AZRAZATE BAe] g
2 (decondensation)S 95+ Matthew 5] A4
P e 0] 88193 2 mM dithiothreitolo] -8
PBS (phosphate-buffered saline)E A &lste] 37C d
27]00A] 4583 wjgAIZIT o] F PBSE A=A g T}
2 oEhE (80%, 90%, 100%)E ZH2t & & §R S
A 25l .

6) HRIHMME (Germ cells of seminiferous
tubule)

ICSIE {3t Aol A 2523 AHAFHAA
& PBSE i AAH3 & &ejol=o] = A
AR 2z" EEfol=g& 1A do] B3] ZE
ol Yol Widelol A 1A A= aAAT &
Al AZA)7]3 2 mM dithiothreitolo] -7-¥ PBS
Agste] 37C F-L7)0lx 4587F wi9kAZ) 3 PBS
Z AT gL (80%, 90%, 100%)2 22+ &
st ®E A=siaich

3. FISH

N

o ofo

mo L BN

Kobayashi 3°'0] AAgH W& Thh ¥E3}o]
U} o] ARtk

FHlE &80l XE-S 50 ul RNase A (100 mg/
u)7t 48 50 mlo] 2XSSC Gle] Y3 377
220 3087 M st RNAE AAT F
ZAEE A AL 80%, 90%, 100% o8 g
AA ol ARAIZ o] F 5w formamide

9} 4 ui2) 4xhybridization? (8XSSC, dextran sulphate
40%, DNA MBB grade 4 mg/ml)oll 1 pl¢] probeE 2
& % 10 pl® hybridization #A& &eloj=o] @
e & coverslip2 & Yil 7R E rubber ce-
ment® BRI} o] F 727ToA 1053 A28t
o] probe9} FEE WAIA|Z)IL thA] 385 14]
7Y B<t hybridization A]171 ¥ 2XSSC, PN buffer
(0.1% Nonidet P-40/0.1% sodium phosphate)ol|l 4] A2 3}
Aot A ERAE st o]z 20 piel anti-
digoxigenin-fluorescein® BO{EER] L coverslipS: W2
F 385Co)A 1087 wjaraloicl. o}E PN bufferol
33 A& % uHA 02 propidium iodide solution
S 20 pl W= F coverslip ® Yl A
o} B3R GHEYE 523 nm P UIY] TEE
25 3333807 (Olympus AX-70 with WIB filter)
2 A8 3, B2E 42 ASA 400 ZE BE
(Kodak)Z o]-&3fe] &3ttt

fo -z
tlo oy oot

| a}
1. Al Y EMx £0| DNA probell HM&tnt HE

Vel Y BA4A ol vHE griAde Eed
3,564 bpe] DYZ19] UH-E o] &3 Y E4A 5ol
FISH4 probeE A|Zste o] AL FA sz
2} skger 4 B primers7t Y 44 Sol¥Q
primers& o] 42 4= JEIHE AFI] Astd A
4 g dAME2RE £EE genomic DNAE
Ao & pCRE 33t th PCR A7 Figure 17
o) 34 genomic DNAOIARE 2F 400 bp HX]ol
Z% pand7} WEREAL, oA genomic DNAE PCR
& ¢ 7% band7t YERGR] e9kTh BEGF ©] primers
7} F () 50110718 AWET] st e %
FEEYD 29 A7 2 279 9] genomic DNA
£ o]4-3le] PCRE A3 2 A3 XIS B

-

5°-cgattgcattgcatactagaccattccaac gagtccattccattctatctcaacactttccattccactctgttc gag
tccattccattccagtccatttaattcaagggceattceattccattccattccattccatttcatattattccattccattcaat
tccattccagatgattccattccattctataccattgetctctgttcattcattceatetgtcteattectttegtttcgattect
ttccattccattacattacatttcgatectattitattaaattgcattctattcgagtgatttccattcgagtcctttccaticga

ttccattccattctattccatttctttggattecattecattcegttecgttcacatcaattecttgtgattceatt- 3°

Figure 1. DNA sequences of PCR product using human Y chromosome specific DNA primers
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28 & AT} WebA 2 primersE 5EH DNA
AHEo} Alzh v FAlale] EolAel DNAYS & 5

500 bp
e

Figure 2. PCR results from human male and female
genomic DNA using human Y-chromosome specific
DNA primers; lane 1: 100 bp size marker, lane 2, 4, 6:
normal male. lane 3, 5, 7: normal femal

lo

B primers® AJAME PCR AHE Bl O &4
9lated gel loading@t AT}, Jd=E 410 bp AL
712 Vel o5& Felste ArIAEs
Mgk Axh A= 410 bphe Ta Aol A
412 bpE VFERET I3 oA 2919 DYZI 971
A= 62%2) 54 (homology)S UERISIT
A8 412bp2) G714 B2 Figure 29t Zth

B dgolMe A2 Al Y @4 5ol DNA
probeE FISHO) ©]-8-8}7] $15}+ Dig-PCR probe syn-
thesis M O 2 labeling 3131t} Dig-labeled®l +He
=& 979 DNARTE i AR 2F 500~600 bp
AA]o] band¥/d-2 FERARITE

A2 probe7t Y GAA ] SojHog HiH=
A& gsly] st o wigo 2T GAA
EEL A|Zeto] Ghandingd AAT F FLT A
< FiSHol FAISFAER FISH 2 Figure 37 0]
E probe7} YEAA qarm 2 F-9oll A3 (hybri-
dization)¥]o] Fgddlo] vebdS #EE F AN
o} Z g F71glr] Y QA JIAHY

t

O
D

i 3 e

A

B

Figure 3. Metaphase chromosome spread by FISH using FITC-labeled human Y chromosome specific DNA probe
after G-banding; a) G-banded metaphase chromosome spread b) FISH analysis of G-banded metaphase chromosome

spread.
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Figure 4. Assignment of 412 bp human Y-chromosome specific DNA; The standard human G-banded Y chromosome
idiogram (left), G-banded Y chromosome (middle), and Y chromosome by FISH using FITC-labeled human Y

chromosome specific DNA probe (right) were presented

daol FISHE AWE A £ prober} FAG 9
Aol EolFog Agtshe PAFS veha gtk

2 probe?) BAAY FH9 (oS BA] 9
8t Figure 4014 ARl Y QA4 EF G-band
EA%, Gbanding® Y €44 % FISH &€ Y
AMAE ulw AASHIch vEEA Ax} B QP
oA z=Zkg Ak Y dA1x] Eo] DNA probed] 7]
AEEL Yql29 Xl EWA EAshs Zlo] g1l
ik

2. Algt Y gMA =0| DNA probeE 0|&F!
FISH &4

g

B Aol A28 probeE FISHY) o] 8 7VsA&
B DAL Ao} ANE, GPHE, FEIA
TR, AR B BAPAAANZE oz EAs
At

GAAE] B9 WG gt F 24
) &to] B probei FISHE A8 Al 249 v
AR % oF 80~90% AENA] game) T B-gjo]
73% probe?) FARTIFEE BAc)h A st
A e A dANEE mUsle FISHE A3e 4
I gape) 3¢ By AEY 90% oldolM & A
o] A e dEokAE Holx oixte] WET A
Folali= A RS Holx] gedt} (Figure 5a,
5b, 5¢). FFHAEE o] g8ld FISHE Al8e 23} §
FAPAH] el s FE A vehix g
FEoE FEEojR 5, dEde] Vel A E
AT} Zo] BAAH HATE T 80~90% A
Tt B S ERSh 28 S HYd A ER
A7) vleF ¥ AgEAe Axt y g4 A
100% A & AN Figure 5d). 2T §EA

=

= o]g3lo] FISHE Aldet A% gra EolA
9} FUgk AaE eI (Figure Se). FATE
o] &3l FISHE A& 34T & §ie 3 539
AL FAslar o]F o]&ste] FISHE Al&skd
o 834 S Bole s a3¥A B
gTE TR BEE S JdAdoh a2y shiel
FATo 2R dojzl A e FUT YHY
& Bojok st PR LA ERE FA R
734 80% AE9] shout WEoE HolTL 20%
Ase FFRARLE FEE 5 YAt Figwe 5.
A E A} AAp M T - probed ©]8
3le] FISHE |93 29 BE F 2ol probed] 3
B SR dE eI B8 4 i
2 30~50% R FEo| ule} cleFstA Eiste
o, RGeS 7 Aol Tl ahte] ol ¥
g vt g Bag = 919t} (Figure 5g, Sh).

b

o

$—n—'

Yoo -y
i

J-

kJ
ek

¥ AFE ARl Y 94 Sol DNA probeE
Aesla, o2 o]gsly WY, YFAE, §2Y
AFE, 3% A2 2 A X FISHE 3
gozA B pobed] AL BAsL o|E o] 8%
Aol o] g 7FeAE A st g ok

Y G4 Eo] probed o] &8t FISHE A% )
Y GAH o] EA) fHER o} Y JAAel &
A 9 gz o] gAje] olgd 4 91l sex-
mismatched bone marrow transplants2] 24 2 X-
linked disease®] 2bH -2 A4 A A &
£ 7FsslA Pk y JAA 9] gamS AAAR]
HAE Aol A= F3] thkstAl YERRE hetero-
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e 5. FISH anaivsis of human metaphase
~ads and interphase nuclei using
romosomce specific DNA probe; a) Chro-
mosoeme spread was prepared from male ympho-
uiture, by Chromosome spread was prepared
e lymphocytes culture, €) Specimen was
! o unculiured male fymphaoeyte, d) 5p-
peimen was orepared front uncultured amniocyies,
Specimen was prepared from unculured cho-
| 1} Specimen was prepared froma
cimen was prepared from hunan
i was prepared from germ cells

hman Y

Td
fi

us cells




chromatin site® 24 QIck® o] Fglol = 2719]
e | (DYZ1, DYZ2)o] A5k gl
ol F DYZIL AA Y QA9 40%E 245}
90tk DYZ12 male genomic DNAE HeelllZ
FA)Z) 34 kb band 2 197613 Cooke®oll 23] A
2 wygolAn 198639 Nakahori 57| o}s)] A
A 3564 @Al Ago] AR £ F4S
E3k] DYZ1S heterochromatin®] 7P F25F 34
Ao shtE thF-E SUTTCCA-3'9) WHE 97)x
d2 A ALol WHRC o] B2 DNA
@GH2 cloned v A EAE o]-4510] probeo)
HAA Y GAEAE 948 4 ok DYZ1¥ DYZ2
HHLE Yq 912 heterochromatin B3| & $3 =
HALE ol FHIE stn, A} BANE F
ol Y @A T3 $43 Al g8AL 43
o] &% & g}

£ AvoMs v drIMER 749 DYZL F
U4-2l 410 bp DNAE ©]&8lo Aty €44 5
o} DNA probeE #2811 ©]F labeling®d}o] FISHS-
probe® 7HEk52} BFGICE A 2HE probe®] seque-
neing A3} aAFElE 410 bpE T} 2 bprb B 412 bp
2 #AHS 3, AXE DYZ1 F7IAE e 339
% 252 bpTro] YA 62%2) AEA L e
et B probe} thA DYZIZE G714 Fol glo] B
BA0F A}Ex—}_& Hol= oggg = 1}313}@ a]

A A F ol A F 954%2 F7I G0
BUg Aow et o 31 g ol sequencing
£ 218 cloning+2] 2FolAFE 9131, template DNA
4 Aol glon) Aol BE o)Al 5LTTCCA-
3o ¥HE AviMEZ F4Agol wel FISHE $gh
probe 241 ol F-#H EA7} ¢l& AoZ AztAEc) A
ZE probeE ©]431% FISHE Aldg Ay} Al
Yqi2 siteol] ki YAl M3t BXE o}F3 Yo] DYzl
Fjol dA =" Ads ehlch

A2 probed] AE|A o] & 7HeAdS AHE
A; Algre] EAME, SFME, FEEAE, £
& A 9 AAYAAAEE YYoR FISH #4&
eEtolet, ¥4 Ant BE WA AEolM E probe
o HAPAY GEPYS FEY sl vjgkst
A FofxiEnlr opE} wigElR] R HFEEME
FISHE 5% 21%3 AAE & 5 A 44
FAADS HE FrAA Cvs4 39 W
£ Slsted o 2FThe) Wiz} Ao EW, T3
4 Y% AF A8 Y= Bolok g gy
FISH £4& siMe 439 2o Axvto

R.OO

=

-412 -

2% 7pssln vlgo] wjoksiA] ¢k FERIAIFEY
A o]go] Thsgo R 5 A Aol
geide AF 2d 498 & $x 9ok Lu $4&
WA E Juz el =l FISHE— Al
s I =¥ [ uA AE ¢ ¥ FISHCl
FAEH o, B AgoaE FrAEe] Axe A
AZ Yot} &L AZF protease® 22| F FISHE
Fsto N FPAPLAET IR B F
& A9E §5 4 Udich
QYo AN AERAGH o) FFE 3
sk AL £ opd A o] fg wig) setet
o2 B9 Aoy 3 2T Helg &
A Aol BRIE = glok B4 ARkl G4A 24
% AsiME B2EY Pl A AAE §F
?5—‘1%3 2As oy Be ARl AeH3 7
T of#go] Brh T FISH 7l&S &
’><1 Axte] GAA o] 55 Bt A &
& A Hln, Aarxe] Ve gt 9
VFLJr ICsI9) Bz g $EoRk 45 8
7hsec & A ArelMAg Al FIsH
% Azl 2 ofgigol glol AR Ul B4
Ao ol 52 %Qo}ﬂl A4 4 9itk Lim
L8 47XYY2 mosaic HHEL 7H 249 A
FISHE B3 £A4F 754 YY A7) 044%2
}olo) ol 4 ERT) 48] ¥5-8 ks ohs Al
FH7 olde] AY AgHo] 5L Bt

_P*_HL

ot

szmE O_%,rﬁ'

o i olﬂ 2 N oo mr O oo oy >

O>

=)
Hﬂ
Ll

3Hgich

IVF Aee] 28y gio] &4 A faddel o
3] Be AFEo] aMEHL gor oE F M &
£2Q Hgubgo g FISHS 7]&0] o] §5 oA 1
QItLE- 20 2aieke] Bl gilojA] shpy) B
Eoj8le] FISHE 3% gs 53 A4 4
Agho] ko] JFsdd 13,18, 21, X 2 Y Al
q}a-]- ;d-ﬂ— x% o]/\l -,] 7-!/“)0} i.dg].g] /\1]
oty B o] £AHeE o]4g FISHY B¢ Al
& A £l ATE TR FAE nt
e ger) Bsialn, AEzel gt o]
Zol Aget FiSHY ZAE FE5317|7t ofeigch
E3] 2 dgolx ggxighide] He 43w A
< WA S BFolA FYT FARTYEE BF
7] AH gz, A de) e FFo] Erlbsst
Hoewvg Az g 42 T 5 JATE AT A

FRANGE AT FisHS AE BEHE ¥4t
A s F=9 BE oM FUt 24 At
velolgt M-S 7 F o E 7)E A



i oZ

» B
oy
o o o
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& PEslolxjomt ¥} AEek I
1o Algdrh
A4 | 2lo] A&k Anje] B5o

Hr} F83d B 7o) A FISH 712
~4A7F oldjell AxE 1T 4 x HEgE
o] 7V538lH T} 71€¢] FISH 71€2 hybridization
Je]Alzke] 7] wiiel AA AQAZ o] A
d B Ao M= hybridization®] AN
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