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

Bone Excavated site Estimated age
code
K01 Left femur Korea Chosun Dynasty
K02 Left femur Korea Chosun Dynasty
K03 Left tibia Korea Three Kingdoms
K04 Right femur Korea Three Kingdoms
K05 Left tibia Korea Bronze age
K06 Left femur Korea Bronze age
MO01 Right femur Mongolia 12~14C
M02 Left femur Mongolia 12~14C
MO03 Right femur Mongolia Bronze age
M04 Right femur Mongolia Bronze age
MO05 Left femur Mongolia Neolithic age
MO06 Right femur Mongolia Neolithic age

] o}k (Yang 5 1998, Rohland¢} Hofreiter 2007).
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Fig. 1. Agarose gel electrophoresis analysis of PCR products targeting mitochondrial HV1 DNA fragment (440 bp) from ancient DNAs
extracted by using Geneclean kit (a), Qiaquick spin column (b) and ion exchange column (c). Lane M, 100-bp size marker. Lanes
of ancient bone samples: 1, K1; 2, K2; 3, K3; 4, K4; 5, K5; 6, K6; 7, M1; 8, M2; 9, M3; 10, M4; 11, M5; 12, M6; 13, extraction

control; 14, distilled water.
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Fig. 2. Agarose gel electrophoresis analysis of PCR products targeting male sex determination marker DNA fragment (200 bp) from
ancient DNAs extracted by using Geneclean kit (a), Qiaquick spin column (b) and ion exchange column (c). Lane M, 100-bp size
marker. Lanes of ancient bone samples: 1, K1; 2, K2; 3, K3; 4, K4; 5, K5; 6, K6; 7, M1; 8, M2; 9, M3; 10, M4; 11, M5; 12, M6;

13, extraction control; 14, distilled water.
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(c) lon exchange column
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Template DNA 4pL
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Template DNA 8L
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Fig. 3. Agarose gel electrophoresis anaysis of PCR products targeting M175 Y SNP marker DNA fragment (231 bp) from ancient DNAs
extracted by using Geneclean kit (a), Qiaguick spin column (b) and ion exchange column (c). Lane M, 100-bp size marker. Lanes
of ancient bone samples: 1, K1; 2, K2; 3, K3; 4, K4; 5, K5; 6, K6; 7, M1; 8 M2; 9, M3; 10, M4; 11, M5; 12, M6; 13, extraction

control; 14, distilled water.
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minator Cycle Sequencing Kit (Applied Biosystems)
¢} ABI PRISMs 3700 DNA #-*17] (Applied Biosys-
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Table 2. Results of PCR for mitochondrial DNA HV1 using ancient bone DNAs extracted by using Geneclean ancient silica-based
purification method and a combination of silica and ion exchange column purification method

) Geneclean kit Qiaquick spin column lon exchange column

Agg:]?t Template DNA (pL) Template DNA (pL) Template DNA (uL)
0.1 1 2 4 0.1 1 2 4 0.1 1 2 4
Ko1 -2 - - - +3 - - - - + + +
K02 - + - - + + + w4 + + + +
K03 - - - - - - - - + + +
K04 - - - - - - - - - + + +
K05 - - - - + w+ w+ - + + +
K06 - - - - - - - - - + + +
MO01 - - - - + + + + + + + +
M02 - - - + + + - + + + +
M03 - - w+ - w+ w+ - - - + + +
M04 - + - - w+ - - - + + + +
MO05 - - - - + + + + + + + +
M06 - - w+ - + + + + + + + +
E.CS - - - - - - - - - - - -
D.wW.S - - - - - - - - - - -

11 uL of 1:10 dilution of the original DNA extract; 2PCR product of expected size is not visible based on agarose gel electrophoresis analysis; *PCR
product of expected size is strongly stained based on agarose gel electrophoresis analysis; “PCR product of expected size is relatively weakly stained
based on agarose gel electrophoresis analysis; *Extraction control; ®Distilled water
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Fig. 4. DNA sequencing electrophotograms of mitochondria HV1 DNA of ancient bone K1 sample. DNA sequences are obtained by
direct bidirectional sequencing of the PCR amplicon and were aligned by using Seqman software (DNASTAR).
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Table 3. Results of PCR for male sex determination marker DNA using ancient bone DNAs extracted by using Geneclean ancient silica-
based purification method and a combination of silica and ion exchange column purification method

) Geneclean kit Qiaquick spin column lon exchange column
Akr)10|ent Template DNA (pL) Template DNA (pL) Template DNA (uL)
one
1 2 4 8 1 2 4 8 1 2 4 8
Ko1 -1 - - - +2 w+3 - - + + + +
K02 - - - - + + + - + + + +
K03 - - - - w+ w+ - - w+ w+ w+ -
K04 - - - - w+ - - - w+ w+ w+ w+
K05 - - - - w+ - - - w+ - w+ w+
K06 - - - - - - - - - w+ - w+
MO0l - - - - + + + - + + + +
M02 - - - - - - - - w+ - w+ +
Mo03 - - - - + + w+ - + + + +
Mo04 - - - - - - - - + + + +
M05 - - - - + + + w+ + + + +
M06 - - - - + + + - + + + +
E.CS - - - - - - - - - - - -
D.wW.S - - - - - - - - - - - -

PCR product of expected size is not visible based on agarose gel electrophoresis analysis; 2PCR product of expected size is strongly stained based on
agarose gel electrophoresis analysis; *PCR product of expected size is relatively weakly stained based on agarose gel electrophoresis analysis;
SExtraction control; ®Distilled water

Table 4. Results of PCR for M175 Y SNP marker DNA using ancient bone DNAs extracted by using Geneclean ancient silica-based
purification method and a combination of silicaand ion exchange column purification method

) Geneclean kit Qiaquick spin column lon exchange column
Alr)went Template DNA (L) Template DNA (uL) Template DNA (uL)
one

1 2 4 8 1 2 4 8 1 2 4 8
Kol -1 - - - - +2 - - - - - +
K02 - - - - - + + + - - + +
K03 - - - - - - - - - - - -
K04 - - - - - - - - - - - -
K05 - - - - - - - - - - - -
K06 - - - - - - - - - - - -
Mo1 - - - - + + w+3 - + + + +
M02 - - - - - - - - - - +
M03 - - - - + + + + - + + +
M04 - - - - - - - - + + + +
M05 - - - - + + + - + + + +
M06 - - - - + + + - + + + +
ECS - - - - - - - - - - - -
D.W.8 - - - - - - - - - - - -

'PCR product of expected size is not visible based on agarose gel electrophoresis analysis; PCR product of expected size is strongly stained based on
agarose gel electrophoresis analysis; 3PCR product of expected size is relatively weakly stained based on agarose gel electrophoresis analysis;
SExtraction control; ®Distilled water

1274) Aol FFAbES) AAe] HATT Al £F AL AT AFEe] wh Tz =
—51—1.

=8 A7k TR1E DNA 3% whge] o3 34 Rieldt meheln FAE AT FHAE)
4 A4 PR 2% Aggel olem@ane A AQEA geleh
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Fig. 5. Alignment of DNA sequencing electrophotograms of M175' Y SNP marker DNA of Korean ancient bones and Mongolian ancient
bones. Five base pair (CTTCT’) deletion indicates O haplogroup.

4, DOIE M175 Y €Mz SNP EX| S= K02)o|A] DNA ¢ko] 2L o]itd wf FFAkE<] A
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F=% DNAS o] &s3lo] A AMAAxZA] DNA o E¢H ez 671 ABA FFAES] A
PCR Z=Z3}9]c}(Table 4). GENECLEAN® kit o] TAHYS. o] EwIFA|F o] 83l FEH 34
43l 2% 79T DNAZ 0|43k PCReAE= F DNAE |43k PCRejM &= 3191F DNASK 1pL
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Abstract

Development of Ancient DNA | solation M ethod for
Improved PCR Amplification

Ki-Jeong Kim'2, Ariunaa Togloom!?, Eun-Hee Jeon'?, Min-Soo Lee!,
Youn-Ock Cho?, Gavaachimed Lkhagvasuren?, Jee-Hye Choi?,
Dashtseveg Tumen?, Keun-Cheol Kim?®, Jae-Hyun Kim®, Maeng-Seok Noh’,
Ki-Won Park® Ae-Ja Park® Kwon-Jong Yoo*'°, Jong-Dae Kim®'!,
Kwang-Ho Lee'® Kyung-Yong Kim*2

Department of Science & Culture, Graduate School, 2Department of Microbiology, College of Medicine,
SDepartment of Life science, College of Natural Science, Chung-Ang University,
“Department of Anthropology and Archeology, School of Social Sciences,
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2Department of Anatomy, College of Medicine, Chung-Ang University

Ancient DNA analyses are widely used for evolutionary and phylogenetic study of mankind in anthropology and
archeology. However, the DNA extraction from particularly poorly preserved ancient human samples is often unsuc-
cessful in these analyses.

In the present study, to improve the success rate of ancient DNA analysis, we introduced a high grade ancient DNA
purification method using ion-exchange columns. We compared the success rate of ancient DNA anaysis of this new
method with that of the two methods that have been used for ancient DNA extraction, GENECLEAN® kit (Qbiogene)
and Qiaquick column (Qiagen). Twelve ancient bone samples from Korea and Mongolia that are about 500 to 5,000
years old by an archeological estimation were used. As the DNA analysis methods, polymerase chain reaction (PCR)
methods for the amplification of amitochondrial DNA HV 1 segment, amale sex determination marker DNA and M175
marker DNA that is used for the determination of O haplogroup of Y chromosome that is reportedly a common one in
modern Korean people.

The method developed in this study remarkably increased the success rate of DNA analysis compared with the other
two methods. Using the GENECLEAN® kit, only two samples were amplifiable for the mitochondrial DNA, no sam-
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ples for the male sex determination marker and M 175 marker DNAs. Using the Qiaquick columns, nine samples were
amplifiable for mitochondirial DNA, nine samples for male sex determination marker and six samples for M175 marker.
The developed method allowed for the amplification of mitochondrial DNA from all samples, male sex determination
marker from eight samples and M 175 marker from eight samples.

The results demonstrate that ion-exchange columns can be useful for the improved ancient DNA extraction in
anthropology and archeology.

Key words: Ancient DNA, DNA extraction, lon-exchange column, Polymerase chain reaction
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