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Mitochondrial DNA Analysis of the Human Skeletons from
Goryeo Dynasty Graves Discovered at Youngwol, Gangwon-do

Chang Seok Oh', Jong Ha Hong', Dong Hoon Shin'?
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Abstract : In archaeological excavation sites in Korea, human skeletal remains of various periods were discovered.
However, there have been very few studies on skeletal cases of Goryeo period so far. Therefore, in order to obtain the
genetic profiles of Goryeo period Korean people at that time, we tried to reveal haplogroups by mtDNA analysis of
four skeletons from Goryeo period graves. In this study, the haplogroup identified from them were D4b2b, D4elal,
D4 and N9al'3, respectively. This study is invaluable because it is one of the rare reports of genetic information of

Korean people of Goryeo Dynsaty.
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o Al Wol A BHelE]i DNAS] HEATEL §A 24
2% 59 HER 33 AFHOL e ZEHY
FolTH[11,12].

sk, LAY Ak wo] tid AT ThE AT AR
woll e Aol uiste] 3] 2L WY, AU FUA
ol wEE TelA ) Alg Wl tie AWARY AT
(819} W% 24 A\ FoA BAR LA S A4 wo]
Yt AT(13] 5ol HEAY AR T ATE Fohu7]
5t} DA HAE, EYE, BHE 5 o 5
FAlo] glo] WEE WY Mo BE AHE 57 P4
oot thord Ao 2ARA, AT A719) w2E A
e Hele M go] A2 725X gkt BHA A
T AL Wolth(s]. B o], LA Abgt Wo] o
o gt A7 B A8 o]ReixA gkt

oo £ A7ZIEe TNYAL Ao S FHA)
AT ATE Hgow wIsAA Wt o) B Fo A
AR gro] mlgat TN AEel it ARty AR
2 BYST DAY AYES $44 EAL AT B
ofoll 72410l AE AT Tt
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IDNA 415 9 MEo] da oA % &A=
of o eHEE= AS 7] Yot Al W EE A A9
A7F A Mol &SR] Zole s Ua @S AL
), Al ol digh QIR FAE JIFPste AAL A
A @A Al ME $Ete] AAE o]Fstt
[4]. IDNA 975 98l A9 = 5 354 7]7-= 200°C
ol Al 8AIZF o]} 127AE EHAZ AL At e, A
g 234 5 §le e HaE 138 AES Y6t A
L5tqitth. 9 F 9 @ S Adsty| fJste] Ut AT B
28 Ao AAE IDNA AFE 23st3ict. ZDNA
A9 {2 Hofreiter F[14]0] AAIRE WA E 5132
™ Willersleve} Cooper [15]7} A|A|SH IDNA F7HHof
w2t Ado] IP= At efE AFE ME o] g5 2 A
2 Agistuy Y AT+ AlE (IRB)Y Aol AR
& AP = At (exemption No. 2017-001).

JIDNA 42 93t NEe Z2de 99 34 gxE 2
AEA A HZE LAY EFE EE AR W 47A(E
F 13,338,752 92)5 ARESHSITH(Fig. 1). o]of thgt 2l
738 HE ARFE oju] B Azl o3 Hid vl gl
8] AHE foketH fAA £48 Yol dobe W

Fig. 1. The skeletal remains of the Koryeo period discovered in Youngwol, Gangwon-do. (A) Skeletal Remain No. 1, (B) Skeletal Remain No. 3,

(C) Skeletal Remain No. 7, and (D) Skeletal Remain No. 9.



Table 1. PCR primer set used in this study
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Set Primer Sequence (5" to 3') Amplicon size (bp)
HVIA F15971 TTA ACT CCA CCATTA GCA CC 267
R16237 TGT GTG ATA GTT GAG GGT TG
HVIB F16144 TGA CCA CCT GTA GTA CAT AA 267
R16410 GAG GAT GGT GGT CAA GGG AC
HV2A F15 CAC CCTATT AAC CACTCA CG 226
R240 TAT TAT TAT GTC CTA CAA GCA
HV2B F155 TAT TTA TCG CAC CTACGT TC 235
R389 CTG GTT AGG CTG GTG TTA GG
VR2 F403 TCT TTT GGC GGT ATG CACTTT 167
R569 GGT GTATTT GGG GTT TGG TTG
MPS2A F16190 CCC CAT GCT TAC AAG CAAGT 133
R16322 TGG CTT TAT GTA CTATGT AC
MPS2B F16268 CAC TAG GAT ACC AAC AAACC 143
R16410 GAG GAT GGT GGT CAA GGG AC
£ AR gehd ¥ 27 W) EWS B7E BYB £ 58 27 I (extension) L 1912 sjof & 403] WE3Y
= o835t YR ZlohHaL 0.5% A oFFAAYEES ©o]-&  Th PCR BHg2 UFl ¥ 2.5% agarose gelsr ]85t 27|
3to] H 2 gl XS 3k 3 IR oA AL = %% 32 Ethidium BromideE ©]-83) agarose gele HAY
Arste AZAFAS A2AZ] M UVBE 2082%F 2ARRE g 3 UV transilluminator®t CCD 7H|2hE ©]&-5t F&
3 Spex 6700 Freezer mill (Spex Industries Inc., Edison, NJ, ALE-S 315t gTh
USA) ZH| S Alg-3te] Harg nhEQ) g}olgt ZZAME-S gel extraction kit (Qiagen, Germany)

IDNAFZS 93], 0.5 g9 W LS lysis buffer (50
mM EDTA, 1% SDS, 1 mg/mL Proteinase K, 0.1 M DTT)]|
Y31 56°Coll A 2447 3 WH--5ho] B AI T HHg-o]
E & lysis buffer} 22 92| phenol: chloroform : iso-
amylalcohol (25:24:1) 92 Y1 Z315 & YAEE7]
2 olgsjol DNAZH 8350} Sl A2 ole Bt
2 H A5H2 FFY chloroform: isoamylalcohol (24 : 1)
EHIT T QR o] AT AFelE 3
3+ & PCR purification kit (Qiagen, Germany)E& 0|83}

Hof| x3+E DNAE & ¥ A8, 32 FR/RTE
|83l 33ttt 3l4H IDNAE spectrophotometer
£ o]&sto] AR T —20°C YA Hstqit

nEZE 2o} DNA (mtDNA)®] hypervariable region
(HVR) 49& 22317 9Istel 258 TDNA (40 ng)S
primer [16]9} 374 AmpliTaq Gold® 360 Master Mix (Ther-
mo Fisher Scientific, Massachusetts, USA)Q} &3t o},
PTC-200 DNA Engine (Bio-Rad. Laboratories, Hercules,
CA) PCR machine& ©]-§3te] S aAAHTS(PCR)S
Z12Y5F¢I T (Table 1). PCR ¥H-3-2 95°CoflA] 1027+ ¥ A
2] (pre-denaturation)E 3+ &, 95°CoJ|A 3027t WA (de-
naturation), 50°CO| A 30%7} A%} (annealing), 72°Cof| A 30

&Aoo

o 4
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£ 0|83} agarose gelol| 4] &3} pGEM-T easy vector
system (Promega, USA)E ©]-&-5to] g o Y5t o|%
ECOS101 competent cell (YB Biotech, Taipei, Taiwan)©]
& A A &} (transformation) 3} T}, Brg|g]of= X-galo] &3t
H aAER A A Rt 3 ohA] HA sjA] o] &A 12
A7t vl k31 plasmid mini kit (Qiagen, Germay)E ©|-8-3
24T E (plasmid) € FE3HATH

G771 QE AL DNA Sequencing kit (BigDye Termina-
tor, Applied Biosystems, USA)Z} ABI PRISM 3130 Genetic
AnalyzerS AHE3IY Jdstg o, E4Z23= MEGA7
[17]15 o]-&3}%] F5A ¥ (consensus sequence)S &HQIsH
3 revised Cambridge Reference Sequence (rCRS; accession
number: NC_012920)2} H|3}¢] haplotypeS &1},
mtDNA E4 A Z E Y oj¢] MitoTool [18]12} Jameslick [19],
mtManager [20] ©]-&3}9] haplogroup< 743} th(Fig. 2).
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Fig. 2. A brief example of the genetic analysis procedure. (A) PCR result, (B) Conformation of electropherogram result, (C) Determination of

consensus sequence by aligning nucleotide sequences.

Table 2. mtDNA Haplotype and haplogroup

Hypervariable region

) Haplogrou

Subject HVR HVR2 HVR3 (cOn{}oﬁegi‘;n)
(15991-16390) (35-369) (424-548)

YW-1 16223T 16362C 73G 194T 263G 309.1C 315.1C 489C 522del 523del D4b2b

YW-3 16093C 16176T 16223T 16362C 73G 94A 194T 263G 309.1C 315.1C 489C D4elal

YW-7 16223T 16362C 73G 263G 315.1C 489C 522del 523del D4

YW-9 16129A 16223T 16257A 16261T 73G 150T 171A 263G 309.1C 315.1C rCRS N9al’3

Researcher 1 16172C 16174T 16223T 16362C 73G 263G 309.1C 315.1C N10

Researcher 2 16183C 16189C 16220C 16254G 16298C 16362C  73G 249d 263G 315.1C F3b

Researcher 3 16129A 16182C 16183C 16189C 16232A 73G 152C 249d 263G 315.1C Flbla

16249C 16304C 16311C 16344T
MY FE2 AANSITE HVR A E 5 98 k2 33 o ZF 33 290 didstes 3848 2T 5= A

= 535
23} 133 bpoll Al 267 bp7HA| 9] FF AbES Ee AlS00A
SHISH o= Qlo], AT A o2 [RAR FEo| o]Fo RS
2RI 4= AT (Fig. 2A).

FTEAES o] 8% 22YI AIEAY FYolAe F 264
N9 E2Y (colony)2 5B FTAn|EE FE5t0] H7]A
g EAZo] AP EAE A7IMEE A7 EFE
(elctropherogram)E 213l o|F 2 Fo| T A| &2 2057)
o] A7IMES BT 4= AL (Fig. 2B), o] ME=S F s}

=

(Fig. 2C).

ol2|gt oz S FFA DL Al mDNAS] Fat
A EQl rCRS} v, o] S F3dte] 2 A
' mtDNA haplotype& & 4= 31 th(Fig. 3, Table 2). 47}
Ao} AT A woflA EQ1E haplotypes: A A=
ZA] gFgrom, A4} haplotyped} H|wafjA = A2 A}
7h 9lo] ATA W AIE A5 7o) 29 gl A0 B
%] %It} (Table 2). Haplotypes 7]Z2 HA % haplogroup<



15991 1611
rLRS  CAAAGCTAAGATTCTAATTTARACTATICTCT GTTCTTTCATGARGAAGCAGAT TTRGETACCACCCAAGTATTGACTCACCCATCAACAACCGLTATRTATTTCATACATTACTRCCAG
W

16291 16390
al TACAT! C TAGRE

274
rCR3 TATTY TCACACCTACGTTCAATATTACAGEC GAACATACTTACTARAGTATGTTAATTAATTAATAC TTATAGGACATAATAA TAACAA TTRAATATCTECACAGCCACTTTECACACA
T

424 546
(RS T TTATTTT TCTCATE: TCT: TBCTAACCCCATACCOCEAE

Fig. 3. Comparison of mtDNA Sequences between rCRS and HVR
sequences obtained from skeletal remains.

g9 137} D4b2b, 38 Ddelal, 78%= D4, 181 95 =
N9al’32 Folrolof A go] El=]= haplogroup®] itk
(Table 2).
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a3t AR A AHE AR W 5 o] Aol Agtd
AFEY fafol diet Ate AR AU SAYY &
Ao i ASE, AE 5 AR Ao B =20] H
ATH2421]. £3] o] 3 IDNA dF= ugate] Ad &
Ay, mure] 3L L Jf2l9] fA% Syt oyt
[1,2223], fAAet B A AARS,24], v 2lof =
Hho| 29 Zh2 A wAES #4 T sy A+
[6 25] & TRt Hofoll A &-gF o] gt ARt tiFE e

78 olet A77F 2AAH =g o] qlof, o] AT
gk S ofdfish Hloll= ol ol Bkt

olg|gh ol A & A7ZL FEg LA Al of
R AEES A7) fiste] LA AR 47HAIR S A
2 wo| A nEZZ2olDNA (mtDNA)2] hypervariable
A5t 0] 59 SAYRE JAEFIE A
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regions 24
HE &2 4 Utk E3] o34 (polymorphism)2 UERY
£ H.9]9l hypervariable regiono| A UEl = G7]AE 9] o
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og

AS E43519 haplogroup2 &% 4= UTH mtDNA
|82 haplogroup®] 22 AF9] o]5= 4 7]9& A+
o gutdoZ o] o]fE 1 AZHystE oz 7}
2= haplogroup2 ot &]7}of| 4] 2AE haplogroup L
o]H, o] group? sub-haplogroup L37} o}Z2]7} A ¥S |
O $3 R oPAlokR o EWE Ao FATTH26.28].
sub-haplogroup L3+ T©A] macrohaplogroup¢l MI} N2
U 0129 [29,30], macrohaplogroup M, N& FoFAo}o]
A haplogroup D, E, G, Q, A, N9 502 L}=0]-It}[31]. &
AATo A ElE AL haplogroup< D4b2b,
Ddelal, D4, N9al1'32 B4 J+=4|, £3] haplogroup D4
o A9 3L TYG Foplot AGelA] R HEE Bl
S golch(732). LA Al W 47h% A hap-
lotype D40] 253k 2L Aztebeie, vl o] AT ATE B4
A& P57l AP X gE LAY oA = D4
o] vlgo] Ah¢] ForroRla} o] Frh= AL 7HES &
e, ol % o g LA AR o tigt £
A EAE EGH geld & s Aol
AHA IS HFe = to] Il A wle =
S S S RAATOIAR 2 Aol o1
Zo] ZHE LA oA SEH A = L, HME
= 207 ) A9 A0 A, A
QYT 5 Q). AT 2 A7E B9 9
A1) AHGE<] TDNA 428 vho 2 ¢ o
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