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b gEe FRehe Fag Hos
Az, Well A vehtes D}J'&
Hahe Ale] kel Qe w3
g FAA S zbol7t Nl
(King 5 1998, Stojanowski £} Seidemann 1999, Alu-
nni-Perret 5 2003). 1= ohekst Abgke] wel @A
I A9 55T AF EAe] wo| el ARt
(Giles 1963, Steele 1976, iscane} Miller-Shaivitz
1984, iscan 1998), B2 AFASS Fulo] AL 2

Aol 44 wgol Hx wekn wuHw 9
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(Stewart 1954, Phenice 1969, Uberlaker<} Volk 2002).
1980 ddell EAPYESFe] 7]We] WHsHHA =
< AL AN FHEAS] EA ] 7l
Aok by ALAFHAES TP B Fof
oAl el ALl A EREYH fAARES
szl sk Al=Ee] #Hglel AAEH
(Kaestlez} Horsburgh 2002).
T1F DNAL wel A 430z Reldn it
%0 Ta5E AHsked & =82 FH(O'Rou-
rke 5 2000). 72} Q1A #2]€l DNAL:
AeAde] ofel A, Al E3l7b Hel SleiA
(Padbo 1990, Lindahl 1993), -f-41A] B.o] &4
7 Q7344
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olet
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T_‘%E
=

% Yot Ad2le] DNAS] fjoz

2935 4x]7} vi$ =} A2 DNA7ZF =2
Al 29=9 PCR (polymerase chain reac-
tion) ZZA oA &ehgle] DNA<L A ste] 2H
A 2%E =29 4 At AR 5 AT
H ko] Es®l DNAZ X835k (Alonso 5
2001), 2.53¥1 DNAe] =3t PCRe] wIztAdel o3|
frelalioF 3bH, a1 DNAE -3l A5l A
43k FoAEHES wetef e (Bar 5 2000, Car-

Table 1. Materials under study

2242

Locations of excavation in Uzbekistan No. of cases
Andijan 4
K-Sufan 10
Andij.vodoh.reka Kurshay 1
Pap 1
Djarkutan 2
Dashti-Kozi 3
Sarazm 1
Bustan 1
Stariy Termez 2
Drarkutan 2
Parhai 1
Soh oasis, Fergana 1
Sohskaya oasis, Fergana, east Uzbekistan 3
Kulagaytepa, Napay region.Samarkand 3
Pastdargom, Samarkand region 1
Kulsuyuksoi, Djizak 3
Kaltepa, Djizak 3
Shoxruhiya 1
Hozrati-imam mousoleum, Buhara 16
ChorBakir, Buhara 1
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e, cBY, w8, wolR, 723, Auj2T PAGEZ2T 0[3F, B, 0|98, 4AE —
pelli 5 2003, Alonso 5- 2004).
Tk oz Abgre] i EelA e ZAs

toagye eAg W GoE T Foz s
F9AY AT vz AEE Aol doh

SEAIEE X A 2D Y Aol 67]8] 3712 Sl
z}o]7} U= opd 24yl (amelogenin) 2 PCRel| o]
gatA e TelFe) R o% FsH
= ¢ie} (Faerman 5 1995, Stone 5 1996).

2 Aol HE 1F welmoy Yehle 54

& Az el 278 ¥ Feishd e 4
A} 7182 obdzAld PCREFUHE v % 7l
a3 s AW AREE vast O Ass
wkx sk} gl
M= 2 an
1. oj2|wo| HALA
ATE F27|a"eA 228 AF7)A 6 R

204)7] o|Ael olz2r TIF F Hwr} nEd
AL Aoz sl (Tablel). &332 AHL &
zH| 7|28k Sate] welE AR EFEe
o, AZAelE A& 4 et mEme] ASA
2 Martinz} Saller (1959)2} Howell (1989)2] 7&
Fzspgler (Table 2), dj& <l #|4=(index) = ¥]
waled FAE S AR skg]e (Table ).
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Table 2. Items of the craniometrical traits under study used in this study

Broad anatomical Description No of Martin & Saller Code from Howell
location variable (1959) (1989)
Maximum cranial length (g-op) 1 GOL
Maximum cranial breadth (eu-eu) 8 XCB
Vault Frontal chord (n-br) 29 FRC
Parietal chord (br-1) 30 PAC
Min. frontal breadth (btw frontotemporalia) 9 -
Total cranial height (ba-br) 17 BBH
Foramen magnum length (ba-op) 7 FOL
Foramen magnum breadth (perpendicular to FOL) 16 FOB
Base Bizygomatic breadth (zy-zy) 45 ZYB
Total facia length (ba-na) 5 BNL
Lower facial length (ba-pr) 40 BPL
Upper facia height (na-pr) 48 NPH
Interorbital breadth (dac-dac) 49a DKB
Face Maxillo-alveolar breadth (ect-ect) 61 MAB
Orbital height (btw inferior and superior margins) 52 OBH
Nasal height (nasion to lowest point of nasal roof) 55 NLH
Nasal breadth (al-al) 54 NLB

Table 3. Craniometric indexes under study

Cranial length breadth index
Crania length height index
Cranial breadth height index
K facial index

K upper facia index

V facial index

V upper facial index

Orbital index

Nasal index

o ukx]3lie. A| 22 2,000 % gol|A] 168 HAlEg
ska AN S A AskH o] e} 22 SEdA S
33] ubaapsdeh. Zgro] AAE Aol 15mL2]
DNA £ <=9 (20mM EDTA pH 8.0, 50mM Tris
HCI pH 8.0, 1% sodium dodecy! sulfate, 0.1 M NaCl,
0.5mg/mL proteinase K)= 7}3}a2 55°Coll A 1247+

AlFHEE YA Aol 1087 = 5 Mixer Mill
M301 A& 5}4] 7] (Retsch, Germany)E o] -£-3} o]

;AL == w0 2 ion-exchange column kit (Qia-
gen G-tip 20G, USA)E o]£-3}33c}. QlAquick® spin
column=} ion-exchange columni o] 83 I F=
e ot R A2 B AASN 918
o] 3g¢] wjE2hg =F 50mL %ﬂﬂ%aﬂ Al
o] %7]3 pH80,40mL 0.5M EDTAES 7}steldt.
ARBE 240025 =7 S22 AT AL
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3 &xg zgsie wAElg. %o dy F
2RI E o|4olHTE(25:24:1, viviv)E A7}t
I A4S T JAAEEEl AAAAE B9k AR
of T FREEF o|holEUTE(24:1, VV)E
7}sla A& AF] ol & w ol

o o 2 =M
=] ol] &
A} =] ol

# gy e)ste]
Amicon® Ultra PL-30 fiIters(M|II|pore,
USA)E o) gate] 400pL2 s53sich 559 2
¥} (200 pL)S QIAquick® spin columng- o]}
AzAb AF pEel el DNA A& Adsige
U uix]= DNA 34 100puL2e] EB 588 o]
L3lgioh Y R] Aute] =2 Qiagen G-tip 20
GZAHE olg3te] AzAt AF WS 27 97
she] gAlsgieh 25k wababa, 200 pL 5ol
6mL QBT $h3elg 413 o gh3aloz HYsh
20 9 Aol FHE ol g3t TR A&
15mL QC sk oz A-3 b2 6mL QF g3l
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Table 4. Primers used for the amplification of amelogenin

ZUS oA o 280i4d, AU, A, 130 ATH, ANY, 1M, 971, ol RS, Al2T FAHEEZE 0/3F BAQ 018S, ABE —

Target Primer name Sequence(5' - 3) Product (bp)
Amelogenin F_amel GGGCACCCTGGTTATATCAAC 201%, 195°
R_amel AGGCCAACCATCAGAGCTT
Amelogenin (nested) F_amXY GGTTATATCAACTTCAGCTATGAG 190°, 92*
F_amY GGATTCTTCATCCCAAATAAAGT
R_amXY GCCAACCATCAGAGCTTAAAC

Male only, 2Female only, *Both male and female

©2 DNAZ £ZA7ch £2AS Amicon® Ultra
PL-30 filtersE o] &-alo] MM 7} =22 AJateic).

4. PCR

QlZol|A] single copyql o}ld=z Aol PCRL
oF A3} 9 o EAZ w$ o]} 2
A58 multiplex PCRE] ¥ & o] &3} A
2 7S F e HEr Yehtes Azt
Aze opdlzAd =e}o]n (primer)E A =tslsdch
(Table 4). =3+ Tl FNA AZAH PCR =AL
zrolith. PCRS GeneAmp® 9700 (Applied Biosys-
tems, USA) A& AR89y wbS 59 20l
o]ct. 1x AmpliTag Gold® <+3ol (Applied Bio-
systems, USA), 1.5mM MgCl,, 0.2mM dNTP, 1 M,
0.8u AmpliTag® Gold &&= 4, 0.625mg/mL BSA
s} Hd SHRFE ARSI AA DNA = 4L
F& Aol ol g3t FFF7| 2712 95°CollA
1027+ 1 F7], 95°C 30%, 60°C 30%, 72°C 13#2] 40
Z7), 72°Coll - 789 1572 FAIstgh PCR =
FAbE gl uheE S5uULE BEAL oElH el

285 1.5% olrfe A AL o]43l Ry|odE BA
el &J3fed o] Foixint.

ke o
o 4 rle H

5. DNA ¥7|Md 24

Amelogenin SZA1E-2] H7|1M9E &l 9
3 =ZA+E-S AccuPrep® PCR Purification Kit (Bio-
neer, Korea) & ¢]-4-3}ed AA|s}3]x Big Dye termi-
nator Cycle Sequencing Kit (Applied Biosystems,
Korea)¢} ABI PRISMs 3700 DNA (USA) 47| =
ol g3to] 3r)M e Ashelet

Fig. 1. (A) Agarose gel electrophoresis analysis of PCR products
targeting amelogenin DNA fragment (201 bp) and (B) the
nested duplex PCR products from ancient DNAs extracted
by using silica plus ion-exchange column method. Lanes
1 identified the sample 1 as femae showing a sex-com-
mon product (190 bp). Lane 2 identified the sample 2 as
male showing an additional lower size male marker pro-
duct (92 bp) as well as a sex-common product. Lane M,
100-bp size.
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1. oldzx|clol ojat My HY

ofdl 2] DNAS] ZZ2 7|Zd)] dejz vl
ofs Algst As Ar)dFAelA A7 o 2}
olo &gk Z7|E ZA =, PCRel| oJsir: 9]
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Table 5. Phenotype sex and genotype sex

Sample Phenotype sex Genotype sex Match Sample Phenotype sex Genotype sex Match
1 M F - 31 F F +
2 M F - 32 F F +
3 M F - 33 M M +
4 F F + 34 M M +
5 M F - 35 M M +
6 M F - 36 M M +
7 M F 37 F F +
8 F F + 38 M M +
9 M F 39 F F +
10 M F - 40 M F -
11 F F + 41 M M +
12 F F + 42 F M -
13 F F + 43 M M +
14 M F - 44 F F +
15 M F - 45 F M -
16 F M - 46 F F +
17 M F a7 M M +
18 F F + 48 M M +
19 F F + 49 F F +
20 M F - 50 F F +
21 M F 51 F F +
22 M F - 52 M F -
23 F F + 53 M M +
24 M F - 54 F F +
25 F F + 55 M M +
26 M M + 56 M M +
27 M M - 57 F M -
28 M M - 58 F M -
29 F F - 59 F M -
30 M M - 60 F F +

+: match, — : mismatch

Fo] oleisiet(Fig. 14). o) WAAe] oz = meket AzkzAl, o] Whyel s Wi A7

Aol el oplzAldnct e dAr1del o #& Tl T & ANt

doels AL ZAE 3 Aoz A7|dTAA

fePdo 2 g T of2isle. 2. moIZo| EHY M3t RAXY 4

3 =83l 74} 1% PCRAMES 7}
] 31 nested duplex PCRS A]8)3t A3} o) 58
g AAEe AR 4 ook A=A o &
Uxeol AANME =HA] 3 JHe] 19077 ¢] @714
7H1 PCR $3AHE1E 2= e 22)v FAd oA
@ 7he) 19079 9714E 7h POR 334k
9ol = 9271 9] 7S 7HAl FFALEo] A
o} (Fig. 1B). o= 9|=H oz ofielx= 1907H2]
Q714 shimte] ZEH = shgw, Te)w Al
A ol slol= i) ool s} o] 25z

p
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ael=e] wEwelx FHejshby Azt FAAH
A& vlasle] A3k (Table 5). f-d=F Ade]
Sk Abgskel e wE 4067k QU A
TE 20097 gk 2Ev ejebd e vy
412 33ef 0] 3 A 2797} )

714 sl
K- \EV-/KE] o=
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Table 6. Discrimination Rate between phenotype sex with gen-

otype sex
Rate (%)

Male match 65

Female match 50

Male mismatch for female 35

Female mismatch for male 50
Feld 5 Y PAxE 65%elgeh w4
Aoz e 4 v YA=E 50%e A
& ooz st A BN o G4E P
o2 3hl3l AL 50%%]t}(Table6).
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Abstract

Comparison between M or phological Sex and Genotype Sex
of Uzbekistan Ancient Bones Using Improved
Amelogenin PCR Amplication M ethod

Kijeong Kim*?, Ariunaa Togloom?, Eunhee Jeon*?, Min-Soo Lee!, Youn-Ock Cho?,
Gavaachimed Lkhagvasuren?, Na-Yung Min?, Jee-Hye Choi®, Jong-Dae Kim?*,
Keun-Cheol Kim®, Jae-Hyun Kim®, Maengseok Noh’, Ki-Won Park®, Ae-Ja Park®,
Kwon-Jong Yoo%°, Samardin Mustafokulov!!, Kwang-Ho Lee!? Sang-In Chung?,
Won-Bok Lee?, Kyung-Yong Kim12
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Determination of male and female is important in anthropology, archeology and forensic science. This study was
designed to compare genotype sex of improved amelogenin PCR amplication method with morphological sex of

ancient human bones.

Sixty human skulls which lived from the Bronze Age to twenties centuries and excavated in Uzbekistan were used in
this study. Morphological sex was determined by Uzbekistan scientist, and genotype sex was determined by improved

amelogenin PCR amplication developed in this study.

Among 20 morphological males, 13 samples (65%) were genotypical male. Among 40 morphological females, 20

samples(50%) were genotypical male.

In conclusion, morphological method might be inadequate for sex determination of ancient bones. The improved

amelogenin PCR method will be useful in sex determination of ancient bones.

Key words: Ancient DNA, Sex determination, Amelogenin PCR, Phenotype sex, Genotype sex
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