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Table 1. List of ancient human bone samples used in this study

Sex
Sczrggle Bone Ve o Excavated site Estimated age* Reference
Tumuli at Chuam-dong, Donghae Si, 6th C. Sillakingdom .
1 **
KR0010  Left femur ND M Gangwon-Do, Korea (5th~ 7th C. AD) Kim 1994
Tumuli at Chuam-dong, Donghae Si, 6th C. Sillakingdom .
+
KRO067  Left femur F M Gangwon-Do, Korea (5th— 7th C. AD) Kim 1994
ight femur - ! ' arly Iron age im and Kim
KROO71  Right f M M Neukdo-dong, Sacheon S Early | Shim and Kim 2001
Gyeongsangnam-Do, Korea
Tumuli at Chuam-dong, Donghae Si, 6th C. Sillakingdom )
KR0O072  Left femur M M Gangwon-Do, Korea (5th~ 7th C. AD) Kim 1994
i Baekgok-ri Mado-myeon, Chosun dynasty
KROLSL  Lefttibia ND M Hwaseong Si, Gyeonggi-Do (14th~19th C. AD)
MNO026  Left femur M M Western Mongolia Bronze age Tumen 1978
MNO026  Left tibia M M Western Mongolia Bronze age Tumen 1978
MNO0226  Lefttibia M M Central Mongolia Mongol age Tumen 2007

*Based on the archeological findings of discovered artifacts during excavations such as coins, potteries and grave types
tBased on morphology
$Based on amelogenin sex marker DNA analysis (Kim et al. 2007a)
INot determined

**Male
*Female

Table 2. Primers used for the amplification and sequencing of DNA fragments of mtDNA HV1 and M175 Y chromosomal hialelic

marker
Target Primer name Sequence (5’ —3) Product (bp) Reference
F15989 CCCAAAGCTAAGATTCTAAT "
MIDNA HV1 R16251 GGAGTTGCAGTTGATGT 263 Edson et al. 2004
M175-F AAAATAGTACCCAAATCAACTCA .
M275 marker M175-R TTCTCTTGCAGCATTTTCAGTT 231 Kim et dl. 2007
M175 sequencing M175-R1 TTCAGTTAGCCTTGATTGACTGT This study
*Based on the revised Cambridge reference sequence (Andrews et al. 1999)
Table 3. Recently attempted PCR master mix conditions for amplification of aDNA
dNTP MgCl, Primer BSA Tag*
(mM) (mM) (uM) (mg/mL) (U/50uL) Taq brand name Reference
0.25 15 1 0.625 ND Ampli Taqg Gold Edson et al. 2004
0.2 2 1 15 1.25 ND Yang et al. 1998
0.2 25 0.2 1 25 Ampli Taq Gold Rohland and Hofreiter 2007
0.2 25 0.3 1 1.25 Ampli Taq Gold Yang et al. 2003
0.2 25 0.2 0.8 25 Ampli Taq Gold Kumar et a. 2000
0.2 2 1 1 0.75 Ampli Taq Kringset al. 1997
0.2 2 0.5 0 25 Ampli Taqg Gold Wang et al. 2000
0.2 15 0.4 0.16 25 ND Kamér et a. 2000
Ampli Tag Gold or )
0.2 15 0.6 1 15 Platinum Taq (Gibco BRL) Kaestle and Smith 2001
0.2 15 0.2 0.1 125 HotStar Tag™ (Qiagen) Adachi et al. 2004
0.2 2 0.4 0.57 2 Ampli Taq |zaguirre and De La Rua 2002

*Taq DNA polymerase
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A AFEE 93, MgClLe 1.5~2mM H$), primer:
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Table 4. Variables of PCR reaction components and their tested
concentrations

PCR  dNTP  MgCl, Primer BSA Tag*
buffer  (mM) (mM) (uM) (mg/mL)  (U/50pL)
1x 0.2 15 0.5 0.1 1.25
1x 0.2 2 1 1 2

*Ampli Taq Gold polymerase (Applied Biosystems, Foster City, Cali-
fornia, USA)

o] 4% v =3 TagDNA Fahe] ool 93t
PCR 2% 3o W13 A3 2Abs Aasisin
(Table 6).

PCRS 3t 7]7]124] GeneAmp® 9700 A%
(Applied Biosystems, Foster City, California, USA)Z-
ARgstl s vEgR)= 20ul o]l Taq T aa
2= AmpliTag Gold® DNA 3& 4 (Applied
Biosystems, Foster City, California, USA)S A}-£-3}
Ak 291F 3% DNAS] fo = A4 ik 3
T AgelE luls, MIT5Y JAA duiA] =7
DNA Z3 AlgolE 4uL& A3t $3571%
71 AFRA Al 2 Alg2 95°CollA] 1087 15
7], 95°C 30%, 60°C 30%, 72°C 1¥#29] 4057], 72°C
oAl 7Re] 1F7]2A PSR, MI75Y FA4A)
A A DNA 52 A3 95°Col|A] 10871 1
F7],95°C 30%, 60°C 1%, 72°C 18-2] 45%7], 72°C
oA 7¥e] 137]24 T4t PCR 25485
de WeE 5uLE HEA oElH$ (ethidium
bromide)o] £3¥ 1.7% olrlz ~AE o83t A7)

4% B lale] ol Folzieh

Table 5. PCR mastermix compositions tested in this study to determine the most optimized condition for the successful PCR for

mtDNA amplification from the ancient bone samples

Mastermix Template PCR dNTP MgCl, Primer BSA Tag*

No. DNA (uL) buffer (mM) (mM) (uM) (mg/mL) (U/50pL)
1 2 1x 0.2 15 0.5 0.1 125
2 2 1x 0.2 2 0.5 0.1 1.25
3 2 1x 0.2 15 1 0.1 1.25
4 2 1x 0.2 15 0.5 1 125
5 2 1x 0.2 15 0.5 0.1 2
6 2 1x 0.2 2 1 0.1 125
7 2 1x 0.2 2 0.5 1 1.25
8 2 1x 0.2 2 0.5 0.1 2
9 2 1x 0.2 15 1 1 125

10 2 1x 0.2 15 1 0.1 2

11 2 1x 0.2 15 0.5 1 2

12 2 1x 0.2 2 1 1 1.25

13 2 1x 0.2 2 1 0.1 2

14 2 1x 0.2 2 0.5 1 2

15 2 1x 0.2 15 1 1 2

16 2 1x 0.2 2 1 1 2

The shades indicate the concentration changes relative to mastermix combination No. 1.
*Ampli Taq Gold polymerase (Applied Biosystems, Foster City, California, USA)
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Table 6. PCR mastermix compositions tested in this study and the results to determine the most optimized condition for the ampli-
fication of M175'Y chromosomal biallelic marker DNA from the ancient bone sample

Mastermix dNTP MgCl, Primer BSA Tag* PCR Product
No. (mM) (mM) (uM) (mg/mL) (U/s0puL) success (%) yield
1 0.2 2 1 1 15 50 el
2 0.2 2 1 1 2 25 o+

3 0.2 2 1 1 25 25 +HH+

4 0.2 2 1 1 3 25 4

*Tag, Ampli Taq Gold polymerase (Applied Biosystems, Foster City, California, USA)
T Strongly stained amplified products based on the agarose gel electrophoresis

Table 7. The change of PCR success rates and yields by the change of concentrations of PCR mastermix reaction components in
mtDNA amplification from the ancient bone samples

Mastermix MgCl, Primer BSA Tag* PCR Product
No. (mM) (uM) (mg/mL) (U/50puL) success (%) yield?
12 2 1 1 1.25 100 H+
16 2 1 1 2 88 At

6 2 1 0.1 1.25 75 4+
14 2 05 1 2 75 +

7 2 0.5 1 125 75 ++

2 2 05 0.1 125 75 +

9 15 1 1 125 63 +
15 15 1 1 2 63 ++

3 15 1 0.1 125 63 +

1 15 05 0.1 125 50 +

8 2 0.5 0.1 2 50 +++
13 2 1 0.1 2 50 +++
10 15 1 0.1 2 50 H+

4 15 0.5 1 125 38 +

5 15 05 0.1 2 38 +
11 15 05 1 2 25 +

The shades indicate the concentration changes relative to mastermix combination No. 1.
*Tag, Ampli Taq Gold polymerase (Applied Biosystems)
* Relative amount of positive amplicons determined by agarose gel electraphoresis; +, low; ++, medium; +++, high; ++++, very high
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M1 2 3 4 5 6

7 8DWM 1 2 3 4 5 6 7 8DWM 1 2 3 4 5 6 7 8 DW

PCR mastermix No. 1

PCR mastermix No. 2

PCR mastermix No. 3

PCR mastermix No. 4

PCR mastermix No. 7

PCR mastermix No. 10

PCR mastermix No. 13

PCR mastermix No. 16

PCR mastermix No. 5

PCR mastermix No. 8

PCR mastermix No. 11

PCR mastermix No. 14

PCR mastermix No. 6

PCR mastermix No. 9

PCR mastermix No. 12

PCR mastermix No. 15

Fig. 1. Agarose gel electrophoresis analysis of PCR products targeting mitochondrial HV1 DNA fragment (263 bp) from ancient DNAs
amplified using avariety of different reaction conditions. See table 5 for the mastermix compositions. Lane M, 100-bp size mark-
er. Lanes of ancient bone samples: 1, KR0062; 2, MN0O026 |eft femur; 3, MN0226; 4, MN0O26 left tibia; 5, KRO015; 6, KRO071;

7, MR0O010; 8, KR0072. Lane DW, distilled water.
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48.8%0°]% 3 MgCl,0] %7} 2mMo|gle Wi o
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M 1 2 3 4 5 6 7 8DWM 1 2 3 4 5 6 7 8 DW

Tag enzyme 1.25U Tagenzyme 1.5U

Fig. 2. Agarose gel electrophoresis analysis of PCR products targeting mitochondrial HV1 DNA fragment (263 bp) from ancient DNAs
amplified using the most optimized condition but modified amounts of only Tag DNA polymerase, 1.25 and 1.5 U/50uL. Lane
M, 100-bp size marker. Lanes of ancient bone samples: 1, KR0062; 2, MN0026 left femur; 3, MN0226; 4, MN0O026 left tibia; 5,
KRO0015; 6, KR0071; 7, MR0010; 8, KR0072. Lane DW, distilled water.

Mastermix No. 1 Mastermix No. 2

M 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Mastermix No. 3 Mastermix No. 4

Fig. 3. Agarose gel electrophoresis analysis of PCR products targeting M175 Y chromosomal biallelic marker DNA from ancient DNAs
amplified using different reaction conditions. See Table 6 for the mastermix compositions. Lane M, 100-bp size marker. Lanes of
ancient bone samples: 1, KR0062; 2, MN0026 |eft femur; 3, MN0226; 4, MN0026 I€ft tibia; 5, KR0015; 6, KR0071; 7, MR0010;

8, KROO72. Lane DW, distilled water.
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AdHezw 71aF @e AaksEs JelE 7S

vl 747t Hejr] AF2RE] FFe] 53] o

2o Adow AR v Aree nq 12 L Ao SEA Y 9 shiAl 2F w1 DNA

W 23] TagDNA 2aHase] obe 15Uz A ) oot Afel Sl ARs =9 =l

AZL v 2o Hyree gz $xshwHa) AL Taq £49] =70 w}2 PCR A Z&< v)xst A7}
) 71 =2 A& AAERS el uksal AR

¢] gfo] Z7}5|5iek(Fig. 2) S e o
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Fig. 4. DNA sequencing electrophero-
grams of mitochondria HV1 DNA of an-
cient bone KR0010 sample. DNA sequ-
ences are obtained by direct bidirectio-
nal sequencing of the PCR amplicon and
were aligned by using Segman software
(DNASTAR Madison, WI, USA).

Fig. 5. Alignment of DNA sequencing
electropherograms of M175 Y chromo-
somal biallelic marker DNA of Korean
ancient bones and Mongolian ancient
bones. Five base pair (CTTCT') deleti-
on indicates O haplogroup.
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Abstract

Establishment of PCR Reaction Condition for Highly Successful
Ancient DNA PCR

Kyung-Yong Kim'?2, Ji-Young Woo?, Kijeong Kim?*

!Department of Anatomy, College of Medicine
2Ingtitute of Medical Sciences, Chung-Ang University
Department of Radiology, Kangnam Hospital, College of Medicine, Hallim University
“Department of Microbiology, College of Medicine, Chung-Ang University

The ancient bone DNA analysis essentially requires PCR amplification of the targeting genes of study due to the
limitation of the ancient bone sample and DNA amounts. In contrast to the fresh living human DNA, it is common to
face failing in amplifying the poorly preserved ancient DNA after death. Therefore, the optimized PCR methods
appropriate for ancient DNA are required. However, there is no report to date that a systemic investigation of enhanced
PCR amplification methods suitable for ancient samples has been conducted

Approximately 500~ 3,300-year-old Korean and Mongolian ancient bones that are resistant to PCR were selected
and an extensive number of PCR conditions were systematically investigated for the comparison of PCR success rates.
For the PCR analysis, amitochondrial DNA fragment as a multicopy DNA and aM175 Y chromosome biallelic marker
DNA fragment as a single copy DNA that is the marker of the prevalent Y haplogroup (haplogroup O) in Korea were
targeted. The identity of the amplified products were confirmed by DNA seguencing.

Through this study, we established the optimized PCR conditions for the highly successful amplification of ancient
bone DNAs. This estabilished method alowed for the successful amplification of mitochondrial DNAs from al the
ancient bone samples tested and the amplification by 50% success rates in the amplification of M175 Y chromosome
biallelic marker DNA but with the highest success rates.

These results demonstrate that the optimized PCR condition will be useful for the promising ancient DNA analysisin
the fields of molecular genetic anthropological studies.
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