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DNAE ME e #34 td& Jehr] i
of dFAEe My fFAdwA L FA AF
Aol dats geled 483 AR 888
F ok HZo EHE EAYESLE JHe o
2 AR HHE st gozH QAR
F34 gFE3 st B3t o B2 B4
ANEE SHA d7F F Ae AV Ak

T34 FHoM AFHD dAte} AEE
ol3fst7] fsiMe &% FEE Xd ¥ FHY
+A4 markerE 7153 wo] ZAlol gt} X
A AFPRe F278 ol BH 47H

12

Y

EE28=0
= o
J A5 DNA Ho)

AT HDEHAY AIFEH WHold &A
ste] AlRE AT 1970 a0 9 80 AT E] FfitE)
7] A2 DNA Az 7L d79 23E &
A2 4B BuAIN AFL BT ok £
A HolE BAT 4 A+ restriction fragment
length polymorphisms (RFLPs) #}3ko 2 A 3&lA)
ok o]F DNA E7IME E4HI polymerase
chain reaction (PCR) el 2]3] DNAAMY] &7]
Age] ARE FH}uT 4143 EHE ¢ 9
A oz AFADTY BA AstE AFSEA
o B B} g2 HJEE A& 4 IA HAh
AR YEAAl= =3 ¥¥< pseudoautoso-
mal region A FAZT FAHT w3}
2 e 7tEdd A Yot E¢woelEo] o
BHEHE O ARE BESA Hrh gk B
@A e AFHADGY HA GAE o)Est=)
8% tool2 E&HI v YEAAE dide
2 1) YEAA Y Axdd EA3 DNA AA, 2)
YA 7L g 83 tool2H EEHE
olEF 2 AAH ZA, 3) YA v F
marker®} combination haplotype 4 Sof @3
29 472% 2 1 S84, 233 4) vl
A3 Ao Bekel ARRIA B,
1. YEMA 2] MESHS M3 DNA x|
YA€ AFY 944 71w F ARz &
L =F7lolH, HF ¢k 60 megabases (Mb)E |1
31 it} (Morton, 1991; Foote et al., 1992). A3}t
How B u, Q79 YSMHE heterochromatin
F49 euchromatin £ 2 FE AT} (Fig. 1). Fg
(YQ)ol/l yeldar Q= heterochromatin £-9] =
AaArEolv W& ael golo] tha zlols}
Ao}, o5 Ayl o] I Aolg FoE
231717} 4R &t} (Foote et al,, 1992). o] ut
8ko], euchromatin 9= A4 GAEY A9 o
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} Euchromatin

+Hetarochromatin+

— Non-recombining portion of the Y chromosome (NRPY)=——i
* Yq

Yp
i

PAR 1

YAl PAR 2

X-Y Homology

Y-Specific Repeats [ | Y-specific Single Copy

. Centromere and Associated Repetitive DNA

Fig. 1. Schematic representation of the human Y chromosome. The darkened oval indicates the centromere,

which divides the chromosome into two Yp, the short arm, and Yq, the long arm. The centromeric

region comprises a block of alphoid repeats flanked by diverse repetitive arrays much like those on

other chromosomes. The darkened boxes at the two ends of the chromosome represent the pseudo-

autosomal regions (PAR1 and PAR2), which are homologous to sequences on the X chromosome and

undergo normal recombination with the X chromosome. Diagonal boxes on Yp and Yq indicate

additional regions of X-Y homology. The shaded boxes represent Y-specific repeat sequences; open

boxes refer to Y-specific single-copy sequences. The wavy-lined box on Yq (including the Yq telomere)

represents the heterochromatic portion of the chromosome; the rest of the chromosome is euchromatic.

The uni-parentally inherited, non-recombining portion of the Y chromosome (NRPY) encompasses all of

the preceding regions except the two telomeric pseudoautosomal regions (Foote et al., 1992).

4% =712 ehie, B (Y, $94, 18
Fotel £ B97A AR A soquence-

tagged-site (STS) mapping ‘#Hdl o3 FEE
euchromatin 3-9]¢] physical mapol] 2]3}H (Foote
et al, 1992; Vollrath et al., 1992; Affara et al,
1994, 1996), 1 = 7|7} FHolx 28Mb o]l A
oz 2AYY} Euchromatin Y= A 4FF
of NEz FAH Atk () YHEAA |k 2
o 25 28t XA FFHES 7H A
g, ) YA 3 FH NEAME, 3) YEH
A Eo] rEXYE, @) YS9 Eo] single copy
MG (Fig. 1). 53] Y FAA}F AR/ WA+
of #8438 toolZ o] &= He wATF YojuA|
¢¥+=, NRPY (non-recombination portion of the Y
chromosome) 297} Q7] wW&Fo|t}. F, °]E3d
NRPYE Aoz FA fFA=s FAEHN X
a9} Ayl doubA] gon, AAAHA W
A7 dojuhe ¥ Tde F3 dF9 pseudo-

autosomal regionS A 9|3l YE4A ] A o
FE& AASA Aot

7R YEHA e HoE 2657 A
7} #1E 3 o), NRPY F-$d|4 mapping®
17279 7153 fAAE SAHSE EASHH
Fig. 29} Zth & 9/ FH4 7l 8%
F& @] pseudoautosomal regionsl, 183l 1}
Bz & | FHAE ZALe  pseudoautosomal
regiono]] ¢ X3t A} (Affara et al, 1996). Fig.
20| 17879 715380 FAAES v &St
NRPY®]| j2]3k= 71%50] gle 3FF2 pseudogene
< A BARG 53] A HE 2 g
2 FAAE NRPY F9)o] 9A)3= 42
Al SRY (sex-determining region Y)& &
o}y gl diREe Y aF fiAES
A AP #AdH VeS e A
& il (Affara et al., 1996).

o
)
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fuoox 4y o
we AL 3o Ho
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TS, skelstal
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(KALD) 3 A
Htstsn 2
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I SMCY (HYA) 2
B AZF, LAL
- DAZ, SPGY YRAM

Ya Tel
Fig. 2. A banded karyogram of the human Y chromosome
with locations of the 17 functional loci and three
pseudogenes mapping to the NRPY. SRY =
sex-determining region Y; RPS4Y = ribosomal
protein small subunit 4 Y; ZFY = zinc-finger Y;
TSPY (major and minor) = testis-specific protein Y
major and minor gene families; PRKY = protein
kinase Y; AMELY = amelogenin Y; (XGpY) =
expressed pseudogene related to the XG blood
group gene; DFFRY = sequence with homology to
the Drosophila eye development and oocyte
polarity gene “fat facets”; (KALp) = Kallman
syndrome pseudogene; (STSp) = steroid sulphatase
pseudogene; T221 = an expressed X-Y homolo-
gous transcript; SMCY = selected mouse cDNA Y
known to encode the HY antigen (HYA); DAZ =
deleted in azoospermia; SPGY = spermatogenesis
Y; TS = Turner syndrome-associated loci; GBY =
gonadoblastoma locus Y; GCY1 = growth control
Y; AZF = azoospermic factor loci; LAL = lymphe-
dema-associated locus; YRRM = Y-borne RNA
recognition motif gene family; RBM =RNA binding
motif gene family. Loci within parentheses refer to
pseudogenes (sequences that do not produce
functional gene products). An asterisk indicates the
position of the centromere. Tel = telomere, a speci-
fic sequence of repetitive DNA that normally caps
both ends of every chromosome (Affara et al., 1996).

2. YEMFAZI CIREICe] XS |E
St toolZM E2Ll= 02X U ANH

=2

Mitochondrial DNA (mtDNA)7} 2A SA=+&
A7 o] NRPYE RAZR FAE7] WfFo &
AAY FF 46, XN)E AW ST ©d FAE
T3 AN AFE A EUY & Ak 49
Y, YEAAS 54 R & dwolr}
ot 1 KA (locus)ell A o]gjgt &
Hol At AltE F3td aApgle] ¢E

My of

BAHRE 2R fASA "ok
wh dA) e EE YENAE o)dd ¥
ol Bl ARE ARGHE BEFIL
A7) WiEol YA DNAZ 539 QAfe #
ASE FHoz vd 24 FFHo| sFdtt
(Casanova et al., 1985; Ngo et al., 1986; Hammer,
1994). ol9f= g XA FEAA = AY
o Adiebct kel o8] AJzFE7] wfFe A
WAE 7 wwE] uiAA =19, YEAAAE T
ZFor Ry AEH o oz £BE 2
258 Axdd Roltk

H, A9 F7F 2 Aol oYz F
E YEAA A nlste] FAAAL XEAHA A
Adke AR B A7 4 s} 38 go] EA)
A ATH(FEAA A oE dEdxk &, o
24zk g g XEAA 9 A Ae F 4 W
9, g@aks g #7AD. oleh o] NRPYE AL
FEID 2719 BA fdEe 54 dE §4
2 B (genetic drift)o]ut A3 T (gene flow)
o e A a9o) AW FFAAN} X
97 gl fAskE FAAS Hske] NRPY U]
o fAAES HU 4% 93¢ A 99 23
How ge ARHAS A B (Clake, 1987).
EH F2 9AEd 93 o FAE A A
FEE B ohjE ARTAA oz A @
A9 U YRuAY $ERS 2AlE UE e
g 4 9. 2¥me ¥4 F49 AFATE 2
A $392 2AT Al Vs BAd wse
oJalshtl Be AnE A 4 UL B of
2% ARAEe PEU 954, 29D GAE o
o=t Aol B} (Hammer and Zegura, 1996).
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mtDNAS} o] NRPY 49 BE {34 wof
= WA (haploid)@ &3tk 22u YEAA =
NRPY®] euchromatin 3¢} (28 Mb o]4h)7} mtDNA
(16,569 bp)oll w3l VR B2 ¥2 DNAE o]
oA S17] wEe] #AA AFY AFgHPE o
ssted "ad JRE © ®ol AYx Utk
EE YQUAY NRPYAS SR ol Bl
X3= mtDNAX] & heteroplasmy (22 7§14 o=
Nz 48 F714€e Ad mDNA7L EAs=
A%y 4o 93 Jehd e 53 2
7} el x et (Poulton, 1995; Howell et al.,
1996). Howell et al. (1996)2 mtDNA2] heteroplasmy
4ol AFFADNM ddrT g3, 1 A
Wol-& T3 mDNAS] D-loopall X dojube &9
Holg B} & #ow B vl Yr(ef 25
AdZ g 5dde]). 88 AF7A mtDNAZL
F3 D-loop o] 4714 E £4E B3t 27
g Aoz AFY F8F AFEAd &%
toolZ2 4 ZE&H 7L homoplasmyd] ZAT Ao
t} (Hedges et al., 1992; Templeton, 1993). Y &4
A DNA7} 3@ o) vjste) e RFLPY 47)
Mg WHolE Yehle 998 AdXdy di=2
AA57|% Bt (Whitfield, 1993; Dorit et al.
1995), A27HA AAdEe) €5 Ak Bol
a0l 4A ¢tl NRPYd = AHM=HE

[o

F e g4 A% FAAE T3] AR
EAs) Wl AaAe] Hste] AAdHYS
Y @ Aok Hammer, 1995). Wetd B4 Y
A DNAZH iAol Histe] we 24 ol
S UPhiE RS 994 BB 99} o) HE
A =707 ey 2 9dle] ok waEn

(Hammer, 1995).

3. YHMH Sl Cl&X marker2t combina-
tion haplotypes

AFAGY Aslg oldsted F2 F&HE
+24 makers AWl 22F SAd met
FA AEA o3 (recurrent polymorphism)Z} <
43 t}¥ (unique polymorphism)©. 2 FEE ). A
A e FYT YA (FA FHHL

o Wl 4 % 9l
U4 ol AF7tA & e

A¥E T A
o] A& Ad
marker7} A A1FFFe] male-mediated migration
2 paternal historyE ©]sj3tE=d Hu HASA
289 + vk (Hammer, 1994). @4 TF <
%A markerg] microsatellites, 2 short tandem
repeats (STRs)S] ZA-¢ol= Edwolgo] wf¢- 2
A% 2§84 WY ¥} ARPVIA
3t zol& UENE markere #8314 &85
31 9t} (Edwards et al, 1992; Gomolka et al,
1994; Santos et al., 1996).
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3.1. MetM @ (Recurrent Polymorphisms)

3.1.1. RFLP (Restriction Fragment Length
Polymorphisms)

Ut o R RFLPE WHEX Q] Ztojd] wWE
Ao g, olgd to] LAEHE EAF mecha-
nismoll #ME F LA UA @tk £ T
3 DNA dHo] HiEHo2 47 & 7] W&ol
Hooe 2 8840 HaHe Bl do 4
AZ YEMA probe 49f 2 49a0] oJs] thoksh
haplotypeE-& E4% 4 glou, FU3 Hold
DNA F#o] &8 ¥ Arle ALE g9d ut
9Jt} (Torroni et al., 1990; Spurdle and Jenkins,
1992). =g AF7HA YEAA ] NRPY ZFolA
¢+# X RFLP marker= A-3 14279 probesoll
o5 EaAlol 7iesith: Probes 12f2; 49f, 49a
(Taql); 49f, 49a(several enzymes); S0f2 (EcoRI);
50f2 (Tagl); Yal; 47z; 21A1; 116/21; 13/0.9; CRI-
J177; 12; 92R7; pDP31 5. o]} o] NRPY 4
o el W& RFLP Ty 1 fd¢le] %A ¢
oy, 2 /1A HERE dAE & Aok AA,
RFLPY) X @A) mechanismo] 2o 2 A
53 g17) W&o NRPY 29 AzF A47} &
o RFLP t}d9] fRlo] =v, &4, YEHA
A fEd Arle ARHos e RFLP o
32 el A #o) (Malaspina et al,, 1990; Hammer,
1995; Hammer and Zegura, 1996).
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3.1.2. Variable Numbers of Tandem Repeats
(VNTRs)$} Short Tandem Repeats (STRs)
Genome WA 10~50bp BHZ P 2"
motifS A FAARF= &3] VNTRs, =+ mini-
satellites2} 3} (Nakamura et al., 1987), oj¢l= &
2 1~6bpdl HW WE moif: LehhE B4E
STRs, &-& microsatellitesZ} ¥} (Litt and Luty,
1989). dutA o 2 VNTRst= 159 genome W
A AgHo R EEEO Y& B ol uE
o] Ax7} vl A v} (Edwards et al., 1992). 1
S} STRse 0] genome Wo] BHSIeA 2E
Hol lon tge] F=7t B3, 53] PCR WY
ol «IBH FAA] typingo] THAsty HEsty| o
&) 74 mapping, /HAE, s} KA £
okd) $-83HA ALLE T} (Tautz, 1989; Edwards et
al., 1992).
wekA microsatellites Q1F-2
== *}%QJ— =AY o8
markero|t} (Table 1). Z|F7kA] IFFEE diAd
on 1A AEFHoE Al YHAA micro-
satellites marker= DYSI9 & =}o|t} (Santos et al.,
1993, 1996; Hammer and Horai, 1995; Underhill et
al., 1997). Yod*“iJ]PJ ool 9] DYSI99) t}
e ARlely 91Ee] wat GATAS] whE 3140
Aol & EOJE}(Flg. 3). PCR Wi ola) M=
vl o)5bE, 186 (A: 103 ¥HE)~202 bp (E: 143]
ukE o) DNA A dF3E 5FFY BHIA
(A-Ey7} dFADNAN 71 &3] vehte ®ol
Eo]t} (Roewer et al., 1992; Santos et al., 1993;
Gomolka et al,, 1994; Muller et al,, 1994). 2 &
o8 357 DrsI9 At AT e wl
=2 ZAFE vl Atk 178 bp (Ciminelli et al.,
1995); 182bp (Z) (Santos et al., 1996); 206 bp (F)
(Hammer and Horai, 1995). o]&3t DYSI9 &<l
A9 W7 AFHADT FAdF 2o7} Sle
ASE Uehdth Z, oldlalsl Atd e A
A WEst b B wE, AN (7
e B, 22T HEEY olxols) ojzelstel
AMe CHEAAS] W=7t 714 EA §EH
ot =gl FJdAME CHFEAR M 5L
NE BEE BYon, 53 dEd JGe o
ARl Hlste] @=< FJAeH sPF fARE

e 240 B

Table 1. Reported Y-linked microsatellites polymor-
phisms.

Global Data  Locus
Comments
Base Locus  Name

Reference

DYS288 UT412 CA repeat,
1'Y locus
- YCAT CA repeat
- YCATI CA repeat, two Y

Jobling and
Tyler-Smith (1995)
Mathias et al. (1994)
Mathias et al. (1994)

foci amplified
- YCAII CA repeat, two Y  Mathias et al. (1994)
loci amplified
DYS§388 - ATA repeat Jobling and
Tyler-Smith (1995)
DYS392 - ATA repeat Roewer et al. (1996)

DYSI9 27TH39LR GATA reapeat Roewer et al. (1992)

DYS385 UTs588 CAAA/GGAA repeat Jobling and

Tyler-Smith (1995)

DYS§389-1 - TCTG/TCTA repeat  Roewer et al. (1996)
DYS389-11 - TCTG/TCTA repeat  Roewer et al. (1996)
DYS390 - TCTG/TCTA repeat  Roewer et al. (1996)
DYS391 - TCTG/TCTA repeat  Roewer et al. (1996)
DYS393 - AGAT repeat Roewer et al. (1996)
DYS3156 - TAAAA repeat Chen et al. (1994)
DYS§425 - Trinucleotide Jobling et al. (1996)
DYS426 - Trinucleotide Jobling et al. (1996)
DYS371 - Trinucleotide Jobling et al. (1996)
ATH <ddAE et (Kim et al, 1998).
B8 ol% STRs TS W8 Hof £ 7
1AW A3 marker2 B-&F 4 9t} Kayser
et al. (1 )% HABAVE g 708 =Y ¥

o7 72579 STRs marker® EA3 A
i, 63% o] %ol haplotypeS FIFo=H
90%2] w9 =& discriminatory capacity7} 91-&-&
Hugc. YwHez ZE Aot Hast
Gt 3 dojvbe A9t Bk AAZE W=
2] National Crime Victimization Survey (NCVS)2]
HuA (1999} F=79] Government Statistical Service
(199504 2412 wloll ©Ja} Zeuolt A
FHzpel 90% o)iol FAE wRFHAT weba
JAte} BHE forensic science Eoe EE, 719
Ado] 9lo] Y@ 2] DNA HRE o3 &4
Aol ¢ HHE marker2H FEE 5 Uk
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12345678910 11 12 13 14 15 16

220 pu-
201 ™

Fig. 3. Polyacrylamide gel electrophoresis of PCR
products amplified with specific flanking
primers of DYSI9. Fifteen individuals
displaying different allelic classes at the
DYS19 locus in increasing order of size.
Lane 1, DNA size markers; lanes 2-4, A
(186 bp); lanes 5-7, B (190 bp); lanes 8-10,
C (194 bp); lanes 11-13, D (198 bp); lanes
14-16, E (202 bp) (Kim et al., 1998).

3.2. 894M ctd (Unique Polymorphisms)
7} Combination Haplotypes

ol AFs uke} ol thEHY  micro-
satellite marker7} &9 QFHAT FAd B3
F83 ARE /AL A7IE dhd, ol HIEH
g Eduolgy AP E AFY F e
A4 thd markerr} AFAT] HA WA 3
A& FAsed o Agyeltt. @Y E7IXNE
olu} U¥ DNAS 4l ®& A4dd o2 §3
Hole fd4 tgo &3tk 53 F94 U
beRl, A fRel o8l PEslE HEF
markers Y Alu polymorphic (YAP) elementE =
% it} (Hammer, 1994, 1995; Hammer and Horai,
1995; Hammer et al, 1997). Short interspersed
repeatse] EAE AW Ay familys 9 55
Alul cleavage siteZ Zte thd HHER E4& A
Y DNA A Ho|t} (Houck et al, 1979; Deininger,
1989). Alu elements RE A FAA 2HHY,
=3} 2lzke] A9 haploid genome Wl 2k 500,000
copy’t EA8e Aoz ¢ Ut (Daniels and
Deininger, 1983). Alu element= <} 300 bpe] 27]

n S ogt B

14

2 okt Zolg poly-(dA) tails 7HA3L e
o] EA o]t} (Schmid and Shen, 1985). Alu family
E2 RNAEZ %3 transposition processel 2]3] <
A5 genome Yo it EXE AoR YA
)tk (Ullu and Tschudi, 1984; Labuda and Striker,
1989). Ut genome WE 4P Alu element
E ARAAY AuidetA ¢, BT 2 9A
o tAl AYE FEL A f7] WE] LA
3o AP Al element TFEL 9F G A
Foll H-d3 markerrt B & Utk o] E Al
element?] tREL HALEA] &1 pseudogenel
2 Jo} (Schmid and Shen, 1985; Deininger et al,
1992) A ¢ 9 vhd Tt kgFo 2 FAH
o] & Aoz LA glth(Sawada et al, 1985;
Deininger, 1989). wela whek Q& G ujolA
UA3 HYol THEHOZ H{HO UA &S
Alu element7} DARGE, ole HZd 4FEHo
vehd ZddE 48 4 o) (Persichetti et al,
1992; Hammer, 1994; Spurdle et al., 1994).

ol Alu family ZolA YIHA L Yqll H
o) EojrHom MUE YAP element (Fig. 4)=
Mool wat Bfdhs AR (YAPHH 2¥A] %
o Abgh(Y4pP-)ol 9lom, B3] RIEd® I B
H W=t FY3A dehdeza Q1R A
oo 583 marker2 o] &E 3 9t} (Batzer and
Deininger, 1991; Perna et al., 1992; Hammer, 1994,
1995). Hammer (1995)= YAP element?] ¢ %
9 e dF FFFAY 26kb E7INE The
d 38R 97iXE, 2n Y4P element?]
poly-(dA) taile] Zolol wie} BME 5EFO Y4AP
haplotypes 2AZ AFY YHEAA FF5FES
ok 188,000132] coalescence timeS Zt= o}x g7l
719488 ¥ v itk =3 YAP elementE <)
Fo YEHA AollA oF 140,000 (95% AT
7k 29,000~340,00081) Holl AFglo] dojd AL
2 ZA =t} (Hammer, 1995).

AZNA Rug o8 AF JTBEY YAP clement
o] B¥¢} BIEE thA & sub-Saharan African (78
~86%)o A 71 &1, northern Afican (53%),
Europeans (7%), Oceanian (7%), 12]1 Chinese %
Mongolians (1 ~2%)$} Indian, 712} 31 Southeast Asians
(0%) A2 ekt (Hammer, 1994; Hammer et
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T
i - 455bp
B oo VAP e
522 535 150bp
primer 1

Fig. 4. Map of YAP element region. (A) Schematic
representation of the human Y chromosome.
The hatched box denotes the pseudoautoso-
mal region, (B) Map of the insertion of YAP
element into Y chromosome, Yqll. The
capital letter, T denotes Tagl restriction
enzyme site of the A/u element. PCR
primers are depicted as bent arrows. Product
sizes produced by PCR are shown at the
right (about 455 bp for sequences with the Alu
element/about i50bp for sequences without
the Alu element) (Ryu and Kim, 1996).

al., 1997; W. Kim et al., unpublished data). =21}
2, B (oF 45%)S AT e opAor
o g2 dEY YA xAlE 5 YAP
elementd] B HIE (02%)8 BH3le, Y4P+ ¥
ol 3y 94X ¢=vl JomonZ (% 12,0003 A
o 3% opAclzRE olFse TA7 Ay
F5okAlole))) So] F88 maker2 2% v}
%o} (Hammer and Horai, 1995, Hammer et al,
1998). &, °F 2,300 d A F3 FF ¢t e
FUES Fi Yroz o3y Aoz LA

Yayoi (3 74&38 ®&) Fo] vAP-gte F33 2
B A YRQol oF % WEe H8H Y
o 93] Zg=Arhe hybridization 7S A[A]
&3l ¢tk (Hammer and Horai, 1995). 3+=+<l3} =
59 AR A9 o 2-3%9] Re WEs rapr
£ AlY3ta giREoe] vdP-gte AR g o)E
ka3 Qo) (Kim et al., 1998).

A71A g s Uehte thEEY biallelic
markerE-& EAHo]Eo] wls 2] BEA Y
A 3oz Erh FHF Jobling and Tyler-Smith
(1995)= ME T o AFFATS ez Y
A A 9FF 2 biallelic markerE 2 H-E
+AH haplotype treed] A Group27} 179 FF
24349 7tsAel 2 ok HukEhd Group2
haplotypee] 7} & ¥EZ Yehly £33 &
€ AFHGAAN 7F FEAA EEH U7
wjZo)ch. H Karafet el al. (1999)2 VAP TFE S
v &3le] B% 1255 9] biallelic marker2 X€ 4
H¥ haplotype A& E3lo] opvE)7} AL
ulolZ &4 FHY YR T (haplotype 1C
IF)o] WHag S T3t olFd AR MW
t}. 3H o]yt dr|X|3le| 9]3} biallelic marker
7H&-8l, SRY #3AAY coding sequence ol Al
methionine /) A] LZEHE 465K A7)7} C —
TZ transition EHwo] [AGC (serine) — AGT
(serine)]® SRY465-T FAANEE F2 &3
3 AHolM EA (F 32%) JEuH, oE
T3 2 olz7l HAdelMe #FHA e A

Table 2. A comparison of Y chromosome combination haplotype frequencies (%) in eight East Asian populations.

Y chromosome markers

Populations

Haplotypes
YAP DXYSSY SRY465

Chinese Japanese Koreans Mongolians Indonesians Philippines Thais Vietnamese
(n=180) (n=251) (n=412)

(=116)  (=42)  (n=108) (0=73) (n=78)

HI-1 - Y1 C 163 103

(90.6) (41.0) (68.0)

Hi-2a - Y1 T 13 36

(72)  (143) (228

HI-2b - T 0 43
(17.1)

HII-1 + oy C 4 69
(22) (2715)

110 28 107 67 70
(94.8) (66.7) (99.1)  (91.8)  (89.7)
3 10 1 3 5
2.6) (23.8) 09  (@1)  (64)
0 4 0 2 3

9.5) Q7 (38
3 0 0 1 0
2.6) (1.4)

W. Kim, D. J. Shin, S. Harihara and Y. J. Kim, unpublished data.
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o

o7 ZFAFE vl vtk (Shinka et al., 1999; W. Kim
et al., unpublished data). @}e}A] o] 3k SRY4652]
FA7 Hole A FEHobAol F3] AR
YEQ Ao FAHHE olssted &%
marker7t & o} olgk Fo] &= E YL
Qo] faet @Ak, DXYSSY FziAt
2 igdae 2 4B AT (e 20%F 3
A HDE(F 6~10%), 1831 FHEE 7|49
YR gl oo AFHoZ FxsH oA
olgt ARATAME v/ gAY BT
(Nakahori et al., 1989; Nakagome et al., 1992;
Hammer and Horai, 1995; Shin et al, 1998; Shinka
et al, 1999). HZ =9 JES TFF 8 A F
olrjo} Ak (12609)e iAo YAP/DXYS5Y/
SRY465 325 )3t combination haplotype 43
RN o5 AV F9F UE 27} 9
£ AoR FAEJTH(W. Kim et al., unpublished
data). =3} DXYS5YS} SRY465 FAARZ = &3
& A BgFo] e ASZ eyt (Table 2):
DXYSSY-Y2 thQIARE whSA] SRY465-T9 A%
o] itk Fig. 5ellx{¢} o] haplotype HI-1
(YAP-/Y1/C) — haplotype HI-2a (YAP-/YI/T) —
haplotype HI-2b (YAP-/Y2/DE SAZHA EdWo]
of 23l haplotype HI-2b¥ 7} o] E3d
Aoz Yehgth gl Aoy RFLPY 22 classic
marker #4o] 93] £ of, dWrHoZ =<l
9 a9l Hda 22 FHopolel e
e Aoz BAE v o} (Goedde et al,
1987; Saha and Tay, 1992; Hong et al., 1993; Nei
and Roychoudhury, 1993). 12{u} g9l oA
haplotype HI-13} & FHRolAjo} 7|dog 34
H& gene pool2}ol] haplotypes Hl-2a % HI-2b2)
gene poolo] AdiFoz A E¥3x gtk @
A 2 7199 FME BEA Yo oputx F
I SEF AdY ¥EAE e N olFn
#do] ¥ Ao FAHHT (Melton et al, 1998).
gepd B7el Fete) F2E FHoMckele B
d 7)ol ol Hox F AT ol dual
patterng H3Ith ole] tsted ¥, Hrh rhekst
A markers} FHYT AFHEE dHo=

DXYS5Y
(Y1->Y2)

YAP insertion

Fig. 5. Y chromosome tree for the origin and
evolutionary relationship of YAP/DXYS5Y/
SRY465 haplotypes. When the haplotype
HI-1 is considered the probable ancestral,
the haplotypes are created by mutation steps
(W. Kim, D. J. Shin, S. Harihara and Y. J.
Kim, unpublished data).
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