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Abstract

People have lived with and used animals for various purposes since the Paleolithic
age. Therefore, animal bone research is interesting because it can infer the status of use,
determine species, and ascertain the uses of animals that lived at the time. An analysis of
ancient DNA was attempted to identify the species of ancient animal bones excavated from
an archaeological site. Twelve animal bones from the Geumgwan Gaya period, excavated in
Bonghwang-dong, Gimhae, were used in this study. After extracting DNA from the sample,
polymerase chain reaction (PCR) gene amplification was performed. Species-specific primers
of livestock groups such as pig, cattle, and deer were selected and used. This livestock group

'.) was a major source of protein for people who lived on the Korean Peninsula at that time. As
e a result, 11 sample species were identified. This study is contributes to the restoration of past
uRdates life information by applying biological technologies to archaeological sites. It is also expected

that such analyses of biological remains will ultimately be used to restore historical and
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ARSEFE O] K A7) & AAtohe Zlo] o5t At FAllolot o]eh 2 o] f-2 ARG, 4, HjA] 5o F THEiE
¥ =0 F2 SEHIL |, 5] £3@HH)2] 49 7197 3,000 7 o] EF FFO R

ThHLee et al., 2014; Kwon et al., 2020).

) A 20] 749w o] [§7] & = Atolo] FEo] 2| of m|A|tz HSto]| whE A% Sherystallinity)” | A8 71T,

30 of v

o= o] UIF 7= & HollE 4 AAIT {71E BA(DNA, B4, F4 P 5lea £4 F)olle A dsA]
239F 710 2 A4 A Q) Th(Surovell and Stiner, 2001; Kang et al., 2014).
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5], ancient DNA (aDNA)= 230 AIZF ot E] o] Ql= 59t &/ o] Aale ez EAetH F2 ¢ v|&
ZHESH 7] Wizl 2)4=7F otk T=gt o]2{et S 0 2 Q13 modem DNAC] thgh 2 of| mlj-¢- F oFskal &/
Aol o 74 R Rk F7FtE R AE 11315}l QlofjA] DNA H|oE7F A2/ S &2 4 =T JAF
7|20l A= AL AT Modern DNAE A A U9} o] of] gHist7] wiizof mj-¢- 24l sfoF & 8 2 7} 31tk aDNA
%12 modemn DNA A &-E oh= 3t} 22] 5 AP Aol A DNA $Z3} PCR (polymerase chain reaction)e H|3HOF
1 A3 %] oll= bleach 2| 2] & oFaL A A[dolli= UV 2ARS & 4= Qlojof gt BESE aDNA A Ao A= 1
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Materials and Methods

Al
2o BEE AL Fu Tlokar - s2vhe] AT 02 2YE X0l 2 F7toRE sl 7ol

S ul

+ Z3ol tigt S A5E FRloty, §42] 54| E 213t 152t SEE 9|dl 2015 9¥HE St

H e Al shAl B35 31281 A] Aoholl e a2 2ARE Z13YSHAL Tt ZARL oA Z1oF A

719 2+& A=A, o f, 24 §7 5ol ERl=]len, 94 &7l R o &5 2 At i fE7)

2| orFetA| ERlE a1 Q1-Z et ofe} 55 FAlt uizhR, SR 5 A F-E X SE5HL 9lthGaya National

Research Institute of Cultural Heritage, 2018). 0] 5 5= S| 2 24 =+= M Al 5 1270X & AE & EXAYESHE A
£ A-g3oto] sl g 529 T2 GotE 1A} sRiTt 2 Aol AHEH Al &= Fig. 13 2t

b

K2

2|18 M =1] A (dental handpiece)2} THO|OFHEE. T A (diamond cutting wheel disc)S AFHE-51o] A5 HEE A
25}glon], QM PR ERS Hibum 2 oF 1 -2 mm Ankslo] Ee| QB AL AASICE A AR
o] W LFEY} A 2 AE A|AE Y3l 6 - 7.5% 2ot AANTEF 48 (sodium hypochlorite, Sigma-Aldrich
Inc., St. Louis, MO, USA)E 327Xt A |t &, 3%} S-74=2 23] o] A|xsto] Fat 2rdehoflA] 24417 o] A}
AzsJt AxE A 59] oF-HHS 2 1581t Ak A (Uv) 2AFH O W Z-54 54 7| (Freezer Mill 6770, SPEX
SamplePrep, Metruchen, NJ, USA)E- AH-8-510] 22 AJEl| 2 A| 2313t
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Fig. 1. Twelve animal bones excavated from the site in Bonghwang-dong, Gimhae.

Aol ALBEIE B8 ubeyet 7131 Ypipetie ip) 52 £ ZES 1Y B A2f5ko] ALEBHAT AJ2HS EMD
Millipore Vacuum Filter Unit (Merck Millipore, Billerica, USA)= ZEI&5to] UV AL & ARESRITE AS] 10|49
29 of s weka) ko] A4S 918 272 @7glo] 5 S Wayshel 2kg ulwsteic

aDNA ==

A2 7} A= (silica-based membrane)S ©]-83F DNA &2 Yang 5(1998)0] A|A|SH WS &-8519lom
B A5k B A& 2F 04 - 0.5 g 5o 0.5 M EDTA (pH 8.0, Promega, Madison, WL, USA) 5 mL, 10% SDS
solution (Invitrogen"", Carlsbad, CA, USA)¥} 20 mg-mL" proteinase K (Thermo Fisher Scientific, Vilnius, Lithuania)S- %
7kt 2, 55°CollA] oF 48A1F E7t wwtsto] Ebga} HHg-2 f-=6k3l om ofw, S/dthE (negative control) =
A 35Tt &3llE Al 25 4,000 pmol| A 521 A4 22t A S M2 TR a5 H, 228

Zo 9] sul| k2] Buffer PB (QIAGEN, Hilden, Germany)S 715131t} o] 23HeHS- High Pure filter column (Roche,
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Mannheim, Germany)2 AF&-5F0] o] 2}5}21 Buffer PE (QIAGEN, Hilden, Germany) 700 uLZ A 21513 00 A= 2t
2 & ¥ WhE X353t 1 2 column®] membraneol] 'HoFel= o] ol ehE-& £0]7] 9J51] 10,000 rpmol|A] 1
AR & 5B AR 1RSI D.W. 100 uLE 3715t DNAS 2E319lth 229 DNAE M2 &
of] &7 -40°Col| A Haks}eict.

o,

|z M

E59] 2 3912 93] 100 - 500 bp Ato]2] & E0|F primerS AW 5to] AR5 o H7] A A, melting
temperature (Tm) %t 5 primer % 2+ Table 13+ 2t} 2} A|5.2] DNAOCY AmpliTaq Gold DNA Polymerase (Applied
Biosystems, Foster, CA, USA) 2.5 units, 10 pmol primer pairs 1.5 1L, Gold ST'R 10X buffer (Promega, Madison, WI, USA)
25 ULE A7k 33F 5405 ARES] 23 25 ULE PCR E3HE (mixture) 2 THE & 531G A AHF(PCR)S 4
HStATH SR|, ARE, 25 HESH7| YIS PCRS AL F-2 7] (Veriti thermal cycler, Applied Biosystems, Foster, CA,
USA)E AFE51o] 95°CollA] 11+ initial denaturation <, 95°COllA] 202 denaturation, 59°COlA4] 302 annealing, 72°Col|
A 30Z extension THFS 408] HHE-519 0, 72°Col|A] 727t last extension Al ZIC} BIEA] mDNA =2 9]5HPCR
HES- 2742 95°CollA] 11+ initial denaturation -, 94°COl|A] 24% denaturation, 50°COYA] 302 annealing, 72°Col|A] 90z
extension 212 453] BH=E5}9] O, 72°Col| 4| 727t last extension A| ZA T}

Table 1. Information of primers for species detection used in this study.
Tm  Amplicons size

Target animal ~ Gene Sequences (5’—3’) €0 (bp) Reference

Wild boar Control region ~ TTCGTATGCAAACCAAAACG 50 493 Fickel and Hohmann (2006),
GCTGATTAGTCATTAGTCC Kim et al. (2020)

Pig 16S tDNA CAA CCTTGACTAGAGAGTAAAACC 59 138 Park et al. (2012)
GGTATT GGG CTAGGAGTITTGTT

Deer 12S rDNA TCAAGCACACAT CCGTAGCTCA 59 191 Park etal. (2012)
CTTTAA CACACTTTA CGC CGT ATG

Cattle 16S rDNA TAT CTT GAA CTAGAC CTA GCC CAATG 59 131 Park etal. (2012)

GGTACT TTC TCT ATA GCG CCG TAC

Tm, melting temperature.

PCR 3% & A8+ 2H5%17| 954X (HDA-GT12, eGENE Inc, Irvine, CA, USAYS 53l 414} S22 AHE Wi
o] A 8=l g7 ]% 5l ‘?_] ]-0’-1 Exo-SAP-IT (Themlo Fisher Scientific Inc., Waltham, MA, USA) oz A Xﬂ stk o

Information) GenBank database——] BLAST Program—% o]-g-5to] ERlstiet.

Results and Discussion

Z-E0|H primerE 0|28t 1A F2| £ X

aDNA 242 2.¢lo] uj¢- HloFslm 2 A% glol whe} 122 4L, et A1t sinhRe]7} Ax]elof 9l
DNA %4, DNA ZEA13} Post CRALS. B -2J210] 4-35151ch §49417} 4elo] HEH DNAS)
588 310ffol PCR £HE) 27171 100-500 b AP0l AAE] primer S 145tof DNA 550l A stle. 8
DNA %2 7P} 32 3pgoll 4] 2 ¢l o2 8ela}7] 9fal of Alduich g oz e Eakaieich
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4 %35 A0 BB B 1702 WHOR N, A 4 5 IEF £ 55007 ol
A2HE primerS: AH&-5H0] PCR 53 3 A/dH S3 AHE(PCR products)& &0 $-& RIstLA} 5HIH. EE il
Al R S 54 AnE EUiR HlEHA| et A2 A A8l em A fAR]oA SE H[E0] &

25 F7H2 A6l

BlE 2], A, 429] & 5014 primerS: AFE-5F0] PCR S-535F 23}, 11707]12] Al2of|A] of g Afo]zof RIE7} A
8 S A 4= U3 o™ ofof whE AIFE Table 201 7 2]oHATE B} Ato] Zof| RREZ} A/dH 212 [+] EA
2 HAE A2 12 BAISIoH o] 8 EHZ 5 H s YElth

Table 2. The results of species identification in this study.

. e PCR band S
Sample No.  Morphological classification Wild boar Pig Deer Catile Species identification
1 Wild boar femur (R) + + - - Sus scrofa
2 Deer femur (L) - - + - Cervus nippon
3 Deer humerus (R) - - - + Bos taurus
4 ND - - + - Cervus nippon
5 ND - - + - Cervus nippon
6 ND - - + - Cervus nippon
7 ND - - + - Cervus nippon
8 ND - - - - ND
9 ND - - + - Cervus nippon
10 ND - - + - Cervus nippon
11 ND - - + - Cervus nippon
12 ND - - + - Cervus nippon
PCR, polymerase chain reaction; ND, not determinated.
13} 28 Al 2= 22} Bl A, }—_EﬂolEloi FEiEHA B4 Aatet dAjshe A = 4 At TR 17 A
o] 7 ““EHXIE} EHXI 50J4] primerS AR&-5F PCR HFgollA & =S ShQleh 4= Q11T 381 Al 22| 74,

=

Qe B Aol gllE £ A% W golAet 23] Stelsin e Az BEET 4.5,6,7,9, 10,11, 124 4]

B A0 FRIEH § A2} 79 AEA), &, A% S0IA primerS ALEF PCR 4104 DNA SEo] &)
O

2 G710l 5 S12lo] #7lsiick @At EgolAE 33 AHgo] 417 igto B DNA FE 34 B2 3
= 5 A TPgol o) 2. 7Hs A v Bjuke 210 2 WLHEIT ERE, Park 5(2012)0) Aol AR o
3 Bl S0l & PCR AFES] A o] -2 BHeIsy] glsto] A HA, O, B, S, T 52 RAFE WTHOR T stof

Eo] g
PR 418 € 2ot SA SN 5 S0l WSk ke 02 & 7 Ak A M7 A DNA
2% 5% A%z Azg

o_?“t
T
o
_E

51
92 52w tfet A7 dats 54 o] ZA|E lsla FA| ol &8 SEo| A T}, 5ERY 0 of

29 AL 248 4 Qe A27 Tk 22 Kim 2020000 2J5HE, D4 ARG Kol B W AR} ZESo] 2

o 4 2715 ol A} BRlElglon] Wel LH ZE 52 fA0] BAS So) 524 gulae 455

13 A8 2wt oz} 715, B} w2 713ao] o] 83 212 U5 WiTHKim and Stoyakin, 2019). 0|2} 22 &

T AFoll A 2 2

5ol FEHE 52 A= FAI 22t S 755k ol Hold M=ol E- gl
4 = St A o= ek ZA S Sl A E AT, Aol 0|22 ZAF
S 283 A7 Al =B AL QITKKim et al., 2006; Kang et al., 2007). £ Ao A= 23l B35 74

ox
o
o
L
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oM ZEH FEME FO=2 DNA B4 7142 285t T2 T2 Lohdaal s3lal o|¢f H&o] §244]
oA EEE = A= fAlol st BA e A-84& HESHITh 1 23, 2= 14, 2 14, AR o ez &
Elglom o] Tl F5l E%Fﬁ FEolth 27] A7|-dak= 1719 A BA e A E, 5
B/3 AR YRES oMY ARE ARGz Fdokal oY “)JEHXIE L o]-8she A= UEPITH(Lee, 2012).
A7} 715 Aol 2715 = H|[- &2 715 AMg o2 o B = T2 Ao Y, 77 2199 914 o gt 5 ohefdt
A wizell FAloll= Ard 274 2230 A Bl oY A l“— = Ahdshe Zlo] Goldle Aoz 4Tt
(Lee, 2012). 0|9} 22 o] f-2 11 A 22] 72, ”/iEHZIQ} #) 2] F-50]4 PCR ¥H-Goll M 2= HESE QA Bl=)A]
(wild boar, Sus scrofa) ¥ &H&0] &2 222 §55) & 4 Uth & §-2]9] Al S 53l DNA &A1& o] 85 1§
A xl ZE 5= Aol it T 249 7Hs/dol U=tk FF Y 7ol 2EE o B2 7iAlE e

wAPYESH 7162 A 85t TU /IS R E, ek Afeete] Hlal JES F AAIA I 23 =

zol = @it

Conclusion

AL £27], 34 BT 50 SE FRU0) B2 RIMOIN 2 BT 9L 4o

S2ulol 22 Y2 fAIol ek LI §-2 Hoki) ofic shAwt Aol ulsh 52 Ao A2

0] sl Q1AIaHe LaskAHS o] ol uba Qi EAjolct ek LA Aol A BAy e %*—1 asdz
80l I A A g /Hsiot A8 AIRISDA a1 ciyo § a9l A e Aslsic

4§95 2ol BEE 52 1292 45l0f 3 5017 primerS ol 81 DNARA Bk oAsi 13, 4
A 9 5 3 1719] 5 Dol HEeIch Aol Aol 27971 e Hestel ool 5

Q17] &old W o7t Qich Lajuet ERL okibA 0 2 EQFn| & o5t B oH7P 25| dojun 55 &
Ao] thF-go] Al H|7|E Z-2 AR Qo AR B R BE AJE|7F 4] ot vhiol 535 |29 A5
HEgo| =rin g%l A3)7} Wol 3 mjFollA SEE o] BE AFE|7t a5l 7] whioll DNA #440] 7}

39t

Aol ZEEE TYSIAES T2 YRS AT YT Fejeby Ras o) Aestoie 24 o
2539 4 9183} A0l o Ao Belo] 7Hs e Ao 2 A} B YRS B4 At mast g
B 1522 5o 37 Alcje] Estel AEALe o AWk 298 4 9l Ao 7o
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