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dArbgmE ez s FAAEMEES &
s EHA AzE wEA T 9l (Kim 5 2008).
AR A Z® Al oAl DNAS] REA =
71 2ol o8 =ZA FH9-"o (Burger 5
1999). g oz A=l Fol sl= AFgHe] A4l
o woh Ao e weka} 2 oln, ok Hotol
DA Aperel BN 28 nEd 4 Qe
7V A8 %A o]t} (Ginther 5 1992, Alvarea 5
1996).
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2. DNA =&z HA|

DNA F% ¥l¥] o2 ion-exchange column kit (Qia-
gen G-tip 20G, USA)E ©]-8-5}93t}. QIAquick® spin
column (Quigen, USA)} ion-exchange columng- o]
23 DNA 223442 o33 2ot Alghule) 24
< AlAE7] flske] 3go] wEEs P S0mL F
glzzgy Al 7|1 pH 8.0, 40mL 0.5M
EDTAE 718l Al te 24X 5t =/ &
=2 3AA7IH ALl WAstdH Al8E 2,000
xgollAl 158 dAEestr A S A A
o] 9} 72 ebtrIbA S 33] HbEERT). o] Al
AZE A2 15mLe DNA £% <=9 (20 mM
EDTA pH 8.0, 50 mM Tris HCI pH 8.0, 1% sodium
dodecyl sulfate, 0.1 M NaCl, 0.5 mg/mL proteinase K)
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& ol gsle] Azt AT whgel Wk DNA HA1E
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2oz DNAZ 2370 £29% :
Ultra PL-30 filters (Millipore, USA)Z o]-&-3}o] A3

3 Al el ge).

Amicon

2
3. A2A| MK} (mitochondrial DNA, mtDNA)
2 Y MR ctAAT|CtEM (single nucleo-
tide polymorphism, Y-SNP)2| PCR

Aol Abg-st A2} A2 primer §7]H G-
Table 13} 29} 2o} 2AGHE Eelsr] $s8 At
A4 DNA<2] D-loop &, 3} o] #2-9] 1 (hypervariable
region 1, HV)& WAooz afqivh. BA f4-8 el
317] S8 Y @AM X GA4A oF AFEA o
2.2] (non-recombining region of Y chromosome)Z-
hAro =z &leict PCRS 9|3t 7]7]2A] GeneAmp®
9700 (Applied Biosystems, USA) 2|2 A}L-3}9] 12
¥l Mg 20 uLe]gltth. 1 x AmpliTaq Gold® £+
o 1.5mM MgCl,, 0.2 mM dNTP, 1 M, 0.8 & Ampli-
Taq® Gold Z& & 4, 0.625 mg/mL BSA%} HH# =7
5 AHEstdek A DNAE 4ul & Age) o
L3k SFF7127E 95°CellA 1023 157],
95°C 30%, 60°C 30%, 72°C 13-2] 40F7], 72°Col| A
78] 177124 7438 PCR $3FAHE &l
W& S5ulLES HEAF o|E]t]$ (ethidium bromide)
o] 2 1.5% op7tz s AL o] 83 H7|3F

Aol olsted o] Foi5e.

=

4. DNA ¥7|IME 24

PCR 224152 Q71A9e selsh] 95 %=
AFE-S- AccuPrep® PCR Purification kit (¥}o] 21 o},
A3l=HE o]g-3ted AA3Hedal Big Dye termina-
tor Cycle Sequencing kit (Applied Biosystems, USA)
2} ABI PRISMs 3700 DNA #47] (Applied Biosys-
tems, USA) & o|-&-3te] 471Ad& AA st

5. HEAMX| STRe| PCR

BEGAA A EA 2] STRS AmpFISTR®
Minifiler™ PCR Amplification Kit (Applied Biosys-
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Table 1. Primers for the amplification of mtDNA HV1, HV2 and some coding regions
Regions®* Primer name® Sequence (5'—3") AT (°C)* Size (bp) Reference
F5047 TTCTACCGTACAACCCTAACATAAC 57 286 Present study
5055-5324 (D) R5313 AGGAGGGTGATGGTGGCTAT Present study
FN5055 TACAACCCTAACATAACCATTCTTA 57 270 Present study
RN5324 GATGGTGGCTATGATGGTG Present study
F12203 TACCGAGAAAGCTCACAAGAACTG 60 264 Present study
12243-12458 (U) R12447 AGGTGGATGCGACAATGGAT Present study
FN12243 TGTCTAACAACATGGCTTTCTCA 60 216 Present study
RN12458 GCGACAATGGATTTTACATAATGG Present study

mtDNA haplogroup nomenclature is based on the updated mtDNA haplogroup tree'®

“Numbers indicate nucleotide positions based on the revised Cambridge reference sequence,'” the haplogroup to determine is shown in the parenthesis.
°F, forward primer; R, reverse primer; N, primers for nested PCR and sequencing; A, sequencing anchor primer in case of failed sequencing reaction due to

the presence of a polycytosine tract.
“Annealing temperature.

Table 2. Primers for the amplification of Y-SNP markers used in this study

Marker Sequence (5'—3") Size Mutation
(haplogroup®) Forward Reverse (bp) Site  Change
RPS4Y,,, (C) CAGGGCAATAAACCTTGGAT CCACAAGGGGGAAAAAACAC 188

nested GGGCAATAAACCTTGGATTT CATTAAGAAACGAGAATTCACTG 167 22 C—>T
M207 (R) ACTATGGGGCAAATGTAAGT GCTGTTCGCTGCTACGAAT 162
nested GGCAAATGTAAGTCAAGCAAGAA CGCTGCTACGAATCTTTAATCTTA 149 29 A—G
“Y-SNP haplogroup nomenclature used here is based on the revised haplogroup tree.’
Table 3. STR genotypes of 3-repeats in experiment
Samples Amelo  DI13S317 D7S820 D2S1338 D21S11 D16S539 D18S51 CSF1PO FGA
No. 1 X/X 11/12 12 20/24 31/32.2 9/13 17/21 10/12 22/23
X/X 11/12 12 20/24 31/32.2 9/13 17/21 10/12 22/23
Consensus profile X/X 11/12 12 20/24 31/32.2 9/13 17/21 10/12 22/23
No. 2 XY 9/11 8 20/25 28.2/38.2 11/14 13/18 11 22
XY 9/11 8 20/25 28.2/38.2 11/14 13/18 11 22
Consensus profile XY 9/11 8 20/25 28.2/38.2 11/14 13/18 11 22
No. 3 XY 10/12 10/12 23/24 28/29 10/11 14/15 11 23/25
XY 10/12 10/12 23/24 28/29 10/11 14/15 11 23/25
Consensus profile XY 10/12 10/12 23/24 28/29 10/11 14/15 11 23/25

Table 4. Genotypes of Mongolian ancient samples

Ancient samples Sample 1 Sample 2 Sample 3
Genotypes mt: D mt:D,Y:C mt: U, Y: R
(haplogroups)

mt, mtDNA haplogroup; Y, Y-SNP haplogroup.

tems)E ARg-Ste] FAlell B AA G A 8712
STRs (D13S317, D7S820, D2S1338, D21S11,

258
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Fig. 1. Allele analysis of nine autosomal STR loci of the ancient Mongolian sample No. 3. Numbers at the bottom of X axis indicate the
standard allele ladders and the determined alleles of the sample were shown in bold. Numbers at the top of X axis shows DNA
size in base pair (bp). Shaded peaks, standard alleles; solid peaks in black, sample alleles; locus names are shown in shaded

boxes.

< 72°C 1802 FAE =z 738 32F7] A
WS phA o2 60°C 458 157] Ass}sich
PCR AF2-2 ABI Prism 310 automatic sequencer
(Applied Biosystems, USA)2 ®A3todct 3 Al
AR 33 a3l e AH4E FAs) )
2] 1A} (consensus allele)E A ¥ sle] X514t} A
AAF Abo]o] H A= DNA-View Zz 1)

(http://www.dna-view.com)S ©]g3}e] EAJ3s}oic)
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Fig. 2. Allele analysis of nine autosomal STR loci of the ancient Mongolian sample No. 4. Numbers at the bottom of X axis indicate the
standard allele ladders and the determined alleles of the sample were shown in bold. Numbers at the top of X axis shows DNA
size in base pair (bp). Shaded peaks, standard alleles; solid peaks in black, sample alleles; locus names are shown in shaded

boxes.
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slo] Aze] AMA Z9dc} (Table 5). DNA-
VIEW Z2 738 o] g3le] A oo ddAAE =
Akt AR ke dd3AE de Aoz e

<]
—

] o
= ¥



— 2T oA golEd —
115 135 155 175 (bp)
2000 D13S517 D7S820
1000 I
0
8§ 9 10 11 12 13 14 15 6 7 8 9 10 11 12 13 14 15
Alleles Alleles
120 140 160 180 200 220 (bp)
6000 Amel D2S1338 D21S11
4000
2000
0 ad s ki
X Y 1516 17 18 19 20 21 22 23 24 25 26 27 28 24 25 26 27 28 29 30 31 323334 35 36 37 38
Alleles 42 282292302 312 322 332 342 352
Alleles
70 90 110 130 150 170 190 210 (bp)
3000 D16S539 D18S51
2000
1000 I |
0
5 8 910 11 12 13 14 15 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Alleles 10.2 132 142
Alleles
80 100 120 140 160 180 200 (bp)
CSFII’O FGA
2000
1000

A

6 7 8 9 1011 12 13 14 15
Alleles

17 18 19 20 21 22 23 24 25 26 27 28 29 30

31.2 322332
26.2
Alleles

30.2

Fig. 3. Allele analysis of nine autosomal STR loci of the ancient Mongolian sample No. 2. Numbers at the bottom of X axis indicate the
standard allele ladders and the determined alleles of the sample were shown in bold. Numbers at the top of X axis shows DNA
size in base pair (bp). Shaded peaks, standard alleles; solid peaks in black, sample alleles; locus names are shown in shaded

boxes.
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Sample Marker Hg Y-SNP flanking Hg—def{nmg
sequence mutation

No. 1 RPS4Y;, C tggatttcSctgcccag C—>T

No. 3 M207 R gaaatttaRaaagag A—G

IGCP‘-J-‘« MC TGGHT T lC'C IGOCCAGGGC

A )

GTAAGTCAAGCAAGARAT TTAGAAAGAG,

Fig. 4. Alignment of DNA sequencing electrograms of RPS4Y;;; (No. 1) and M207 (No. 3) Y chromosomal biallelic marker DNA of
Mongolian ancient bones and teeth. Mutations were indicated by arrow.

No. 1 10 20 30 40 50 60 70
L L 1 1 1 1 1 1 1 1 1 1 1 L L
CAAAGCTAAGATTCTAATTTAAACTATTICTCTGTTCTTTCATGGGGAAGCAGATT TGGGTACCACCCAAGTATTGACT

P AV VY s VALYV VO VL U LYY Y W A B0 Vot PO YA oY TtV AT A e VAV VA VA VAWV Y a VA VAPV, VA VWY AL VAV VAYaVaaVa VoV VAN
AVAVL) AAGATI AR AAA A 1 eF\ 3l A AGA A n AV ATT LA

80 90 100 110 120 130 140 150
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
CACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGA

| A n A -
CACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGA

160 170 180 190 200 210 220 230
RSP PSP Srarar e B Sy arere SFrarare BESParari S PR S S SrSrar e S are WP are SParirar S
CCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGCAATCAACCTT

phe s AN AWM AN s s AN A A )

TGTAGTACATAAAAA AATCCACATCAAAA T ATGCTTACAAGCAAGTACAGCAATCAACCTT

240 250 260 270 280 290 300 310
1 1 1 1 I 1 L 1 1 1 L 1 1 1 ' 1
CAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCACCCTTAACA

AW Wy

CAACTATCACACATCAACTG

1l AAN n Y M AT
ACATCAACT! AACTCCAAA A 1k TAGGATA AACAAACCTA ACH TTAACA

320 330 \ 340 350 360 370 \ ?80 390
GTACATAGTQCATAAAGCCATTTACCGTACATAGCACATTAC&GTCAAATCCCTTCTCGCCCCCATGGATGACCCCCC

/\ Y Dnn VNN A itk ok LAY
GTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTICTCGCCCCCATGGATGACCCCCC
400

— 2 s sl s e la
TCAGATAGGG

Jannin
TCAGATAGGG

Fig. 5. Continued.
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No. 2 10 20 30 40 50 60 70
TAAGATTCTAATTITAAACTATTCTCTIGITCTTTCAT AAGCAGATTTGGGTACCACCCAAG TATTGAC TCACCCA

."“".""| u’l&'\ﬁ,-"" J”'.'n J l'ur"- ""-J'III'."\J'“U\AI'F ".."'\."I\ur'w'lﬁlln.l’W""inml' A "_'»-""Awwmfl.ﬂﬁ “.‘".L.x.!l'n" JUM'-.'PIA‘:LAMH MMA II-II bm\ﬂ
JTAAGATTCTAATTTAAACTATTCTCTGTTICTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCA

80 90 100 110 120 130 140 150
TCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACT TGACCACCT

A1)

160 170 180 190 200 210 220 230
1 1 1 1 1 1 1 1 1 L 1 L L i 1
GTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGCAATCAACCTTCAACTA

AN AN e AoV wtmmwmwu"w )

240 250 260 270 280 290 300 310
1 1 1 1 1 L1 i 1 1 1 L 1 L L 1 L
TCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTACAT

T o Iy

320 330 340 350 360 370 380
1 1 1 1 1 1 a1 i a 1 4 s L " 1 " 1 " | 1L L 1 "
AGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCC
OV Ao csal oy

AGCACATAAAGCCATTTACCGTACATAGCACATTACAGTC

ananaa s ena sl
AGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCC
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Fig. 5. DNA sequencing electrogram mitochondria HV1 of ancient Mongolian human remains (No. 1, No. 2, and No. 3). DNA sequ-
ences were obtained by direct bidirectional sequencing of PCR amplicons and were aligned by using Seqman software (DNASTAR
Madison, USA).
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Table 5. STR genotypes of all persons involved in experiment
STR genotypes
Persons
AMEL D13S517 D7S8820 D2S1338 D21S11 D16S539 D18S51 CSF1PO FGA
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2 XY 10/11 11/11 23/25 30/31 12/12 13/15 11/11 21/25
3 XY 10/11 9/10 19/24 29/30 10/11 15/17 10/11 18/23
4 XY 8/8 11/11 20/24 30/30 9/11 15/16 10/11 22/23
5 XX 8/14 8/8 23/25 31/31.2 10/12 14/14 11/11 24/24
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from Mongolia

Munkhtsetseg Bazarragchaa, Kijeong Kim, Jae-Hyun Kim/,
Gavaachimed Lkhagvasuren?, Ae-Ja Park’, Kwang-Ho Lee*, Dae-Jin Kim’,
Yoon-Hee Chung’, Sung-Su Kim’, Won-Bok Lee®, Kyung-Yong Kim®

Department of Microbiology, College of Medicine, Chung-Ang University
'Department of Archaeology and Art History, College of Humanities, Donga University
*Department of Science & Culture, Graduate School, Chung-Ang University
*Department of Laboratory Medicine, College of Medicine, Chung-Ang University
*Department of Life Science, College of Natural Sciences, Chung-Ang University

>Department of Anatomy, College of Medicine, Chung-Ang University

The kinship was analyzed genetically on the three 2000 year old ancient human bones and teeth excavated in
Mongolia.

The samples were processed in a clean room to prevent the contamination from modern human DNA. The DNA
extraction and purification was done with ion-exchange column kit (Qiagen G-tip 20G, USA). The PCR was done with
purified DNAs from ancient human bones for paternal Y-SNP haplogroup, maternal mtDNA haplogroup, and autoso-
mal short tandem repeats (STR).

Two samples belonged to the maternal D major haplogroup, which is one of the most frequent types in the present
North East Asia. One of them, showing male genotype, belonged to the paternal C major haplogroup, which is also one
of the most frequent types in the present North East Asia. The remaining one belonged to the paternal R major
haplogroup, frequent in the present Europe, and the maternal U haplogroup, frequent in the present Europe and East
Mediterranean. The repeated results were consistent in the autosomal STR PCR. The STR data were analyzed with
DNA-VIEW program (http://www.dna-view.com), which showed no close kinship among the three ancient humans.

Our method was successful in the analyzing kinship among ancient human bones, which has been possible in few
restricted laboratories in the World. Authors anticipate that many researchers could do their research in a better way to

get the genetic information from ancient human bones.
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