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Y Haplogroup Distribution in Korean and Other Populations
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With globalization, international exchange has increased. Accordingly, the necessity
for individual identification using genetic polymorphism has also increased. Paternal
lineages are distributed differently, and different distribution patterns can be used to
predict ancestry. We studied the distribution pattern of different paternal lineages in
Korea and compared them with other populations.

All 30 SNPs on the Y chromosome were selected for paternal lineage confirmation.
Loci that could subclassify haplogroup O, the most frequent in the East Asian popula-
tion, were added. After multiplex amplification for the target loci, SBE reactions were
set up for each SNP site. One hundred Korean men as well as 60 Chinese, 60
Japanese, 19 African-American, 48 Caucasian, and 47 Mexican American were test-
ed and compared. Five Y haplogroups [C (C3), D (D2), NO, O, Q (Q1al)] were found
in Koreans, with haplogroup O being the most frequent. Haplogroup O sub-classified
into O* (24%), O1 (6%), O2b (39%), O3a3c (4%), O3a3cl (13%), and O3a3b(1%).
This distribution pattern was similar to that of Chinese or Japanese, but minor differ-
ences were noted. With Fst, the Korean and Japanese patterns were close (0.01757)
when using 6 SNPs. There were significant differences between Koreans and African
Americans, Caucasians and Mexican Americans, and they were easily discernible
without requiring haplogroup O sub-classification

Sub-classification of haplogroup O is likely to be useful for East Asia group compar-
isons. Additional studies in populations from different areas of China or Japan or stud-
ies of MtDNA or autosomes may enhance the discrimatory power of genetic polymor-
phism in different Asian populations.
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Z571Q jF 8 Tk s 7150% ofgl sh= thto|th.
oje} & AgeA = WA AN A& FA=E0] =Y
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2. Ci&FY—SNPSe| MA

2008 YCCO oJ&l| #x ¥ stZZ 155l &As F

st &= QI E=E it Y_SNPTE‘
A8t Fotrlotel A &3] Jz%%}ﬂ—t— SEEIFS F Y
AF-A o7 et = QT i Y-SNPE F71813i T}, o

IS
eloA RISty 4 O (M175)1 , C (M130), D
M174) 15 &8 783 F AES g4t SNP—’“1 A7 skelt.
53] AYd 2 WEE HolE 01FS 01 (M119), 02

(02a—M95, 02b—M176), 03 t}o}7} 03 (03a3b—M7), O3
(03a3c—M134) To& AEss = =% Y-SNP A4
FAE 71tk o] g A AR 42 = B 30700
(Fig. 1).
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(dbSNP or BLAST option) ol 4] th’d SNP 4714 D& 22ls}
1, Primer 3.0 Program V. 0.2 (http://www—genome.wi.
mit.edu/) & o]&3sto] APEAE AA6FS] 0 P Henegariu 5
W3} Markoulatos 5'7°] H-fsh= AFS =N U555
o] AAsHA B = JEF Gk EaE ARel=
Ago] 7kt 87 et B ARk FEARES 200
bpE.t} £ 9kt (Table 1). B3 @ a4 AW —E
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2} el sl 19hR AL o] gate] WA Tl ot
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Biosystems, Foster City, CA, USA) Y X} 7| G841 7]
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sto] ofe] eSS s SEshe v HHex
& A8 (Table 1). 3082 AEAE 57 dedd e
3l on HF TEH2AL v} 2} PCREES-S] &
F 25 U2 wEg-elli= 2.5 ng DNA, 10x#PCR buffer 2.5 4,
25 mM MgCl, 2.0~2.5 , 250 uM dNTP 4 /1, 5 uM A2
0.36~7.2 4, 5U AmpliTag Gold DNA polymerase (Applied
Biosystems, Foster City, CA, USA) 0.4 4} 20 mg/ml BSA
0.4 fE HFth WH 202 94 ColA 58 WA, T58
2 95CelA 30% — 58°CellA 30% — 65CellA 30%% 33
cyclesE REgslom HE A% 65TColA 7 vh&-51Sl
o} HES-3F 15 1 SFAHE<f 5 Units®] SAP (USB, Cleveland,
OH, USA) ¢} 2 Unit®] Exo 1 (Fermentas, Glen Burnie, MD,
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A Fig. 1. Selected 30 Y-SNPs with
AB ——010-:-:-™/"7/7F/7/7/777""r" """ " Sub—Saharan Africa . . .
, phylogenic tree used in this study for Y-
South Asia .
G+ SRR haplogrouping. Several SNPs were
& e selected to sub-classify haplogroup O.
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USA) & H-3to] 37CollA] 1A17F e 3= 80CollA 204 &
] a4 B stE Akt

A71M QD o] S st SBES] AlhAl 1ks 95
Primo SNP 3.4 (http://www.changbioscience.com/primo/
primosnp.html) & AFHE3F9 11, SBEAMES A5 7| FE4]
715 olg-sto] A S arefsto] A& E}E ol& % Al
WA 7F YA HES APEAE BolA D BAAERE 7 A
wol EAEHA wlt 714 -AACTGACTAAACTAGG
TGCCACGTCGTGAAAGTCTGACAAS} Poly C—% ©]&-3}
o] Zo] #fo] & 95l th(Table 2). SBEWFHE- SNaPshot®
Primer Focus™ Kit (Applied Biosystems, Foster City, CA,
USA) & AHg-ato] A&7t Afahe WS &8-ato] 7dst
31, A3= ABI Prism® 3130 genetic Analyzer (Applied
Biosystems, Foster City, CA, USA) E o]&3alo] 4549t}
(Fig. 2).
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Table 1. Primer Sequences for Amplification of Each 30 Y-SNPs. The Amplification was Done Through 5 Separate Multiplex System

Marker ~ SNP PCR Primer Sequence (5" —3’) Conc Size
Forward Reverse (M) (bp)
Multiplex-A
M175 TTICTC  GATTTAAACTCTCTGAATCAGGCACAT TTCTACTGATACCTTTGTTTCTGTTCATTC 0.05 79
M170 A/C CAGCTCTTATTAAGTTATGTTTTCATATTCTGTG GTCCTCATTTTACAGTGAGACACAAC 0.05 119
M347 A/G CCTGAATTGGGTCACTGCTTCCCA ACATGGCTGCCCTTGGACGA 0.02 125
M9 C/G CAGGACCCTGAAATACAGAACT AGCGCTACCTTACTTACATAAC 0.04 128
M89 (@) TGGATTCAGCTCTCTTCCTAAGGTTAT CTGCTCAGGTACACACAGAGTATCA 0.05 135
M45 G/A GAGAGAGGATATCAAAAATTGGCAGT TGACAGTGGCACCAAAGGTC 0.04 138
M96 G/C TGCCCTCTCACAGAGCACTT CCACCCACTTTGTTGCTTTG 0.04 143
M174 T/C CCGTCACAGCAAAAATGTA AAAAGGAGAAGGACAAGACC 0.05 178
Mutiplex-B
M207 A/G GAAGTATCCCTGAAGAAGGAA TCACTTCAACCTCTTGTTGG 0.05 120
M55 T/C ATACAAATAGGTGGGGCAAG CTGAATCCTAATGGCTGTTT 0.08 133
M269 T/C CCTAGCCTCATTCCTCTAAAA TCTTTTGTGTGCCTTCTGAG 0.19 148
M214 T/C AGGCTGATTTTGCTGCTGAT GTGGTGAGCCATGGAAATG 0.11 156
M242 cr CTACGGCATAGAAAGTTTGTG GGGCTTTCAGCATAATACCT 0.03 160
M38 T/G CCCTAGGGTATGGCAATGGT TCTCCACAAAACAGCTGGAG 0.06 174
Multiplex-C
M3 (@) ATGTGGCCAAGTTTTATCTG AGGGCATCTTTCATTTTAGG 0.02 112
M130 (@) TCTCCTCCCTTTCTTTCTGTA CCAGCCTCTTATCTCTCTCTT 0.04 128
M356 C/G CCTGCTCAGTTGTTGTCATTA GGAACCAGTGCTCCTTATAGT 0.15 158
M217 A/C GGCCAGTATCTCCAAAATCC AAAGCTGCTGTGGCTTTCAT 0.02 180
M8 G/T TGCCTCAGTATCACAAACAC AGACAAGTCCACCAAACAGATG 0.12 189
Multiplex-D
V13 G/A TGAGATAGCACAACAGTGGA AATCCCATCTCAATCCCTTA 0.08 91
M168 (@) GCTTGGAGATAATTCTGGTG ACATCTCTTACCCAAACTGC 0.06 100
M69 T/C GTAGCCTGTTCAAATCCAAA CCCTTAGCTCTCCTGTTTTT 0.16 110
M230 T/A TACATGGCCATACTTAACTT TCTTCATTGCTAGCTATTTT 0.63 131
M120 T/C CACTGCTAATGATCCGTTTT ATAGCAATGTAGGGGGATIT 0.34 166
Multiplex-E
M134 G/- AGAATCATCAAACCCAGAAGG GAGAATTCGCATTTACCACTGT 0.16 105
M7 C/G GCATGTAATCATTCCTCTCT TTGTCCCTGCAGCCTTGTGA 0.03 111
M119 A/C TCCAAACCGCAGTGCTATGTGT GATGTAGAAAAATGTTATGGGT 0.05 112
M95 cT AATAGTGTTGCACCTTCTTGG TGGACTCTCCTAGACCTACTG 0.06 115
M117 ATCT/- TCCTATAGAAGCAAAGATAATG AGAGCTTATTAGATGATAGAAAAAC 0.16 125
M176 T TACAGGCCATGCACAGAGAG CATTCTTGAGTGTGTGGGTTT 0.03 181
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1. BIE A 22| SNP f™AFH =0l

TS AAE k=l 71EF 1 Al 5ol g5t A f
A2 S FAssith dA AEolA 5 FEEI1ES
Cl, C3, D2, E, Elblbla2, F* K=* NO, O%, O1, O2a, O2b,
03a3c, 03a3cl, 03a3b, Qlal, Qla3a, I, P, R, R1b1b2]t}.

L}) gt=0l SIEE0E 2%

=9l 100 AlzelA 23 10719] sFE2150] 24l o
Adrk FER1H 07F 87%EM AY B2 BEE eI
o] 1ol tigk AFAQ SR IF HEAA 02b7F Al =
& HAES A3 A4 Q] ERE 0+—M175, 01—
M119, 02b—M176, 03a3c—M134, 03a3c1-M117,
03a3b—M70] A OZ1FNA 27+ 28%, 7%, 45%, 4%,
15%, 1%5 AFA8tHTable 4). 3FE 218 0 A9 3
M= 3FEEIF O FE NO-M204, D2—M55, C3—M217,
Qlal—-M120°] 22} 2%, 2%, 8%, 1% % F- =]t}

CH ZIEtBIZ SIEZ2 08 2%
(1) oF& 27 Folrlof ulEe] 52 15 &2
AEQl F= FA] =l fAFSHA
65%, 78% = AQD H2 WEZ BATh AR AN 512
IFNAM 02b7F AY S HEE YERon, Sl

Table 2. SBE Primers for Genotyping Each SNP. Genotyping was Done Through Two Separate SBE Reactions, One for Macro-haplogrouping

and the Other for O Sub-haplogrouping

SBE Primer-A
Marker  Size Primer Sequence (5" —3") Conc (M)
M175 28 GTCTGACAAACATGCCTTCTCACTTCTC 0.03
M356 28 CAAGGCTTGGTATAGATATACAGATTTT 0.02
M168 32 GAAAGTCTGACAAGTATGTGTTGGAGGTGAGT 0.02
M45 39 ACGTCGTGAAAGTCTGACAACTCAGAAGGAGCTTTTTCG 0.03
M347 44 GTGCCACGTCGTGAAAGTCTGACAATGAGGTTTTTATGGACTTC 0.05
V13 49 TAGGTGCCACGTCGTGAAAGTCTGACAAATTTGGCTCAAACTTCCCTTG 0.03
M120 50 TAGGTGCCACGTCGTGAAAGTCTGACAAAATTTCCCTTAAAAACAGCATG 0.03
M89 56 ACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAAACTCAGGCAAAGTGAGAGAT 0.02
M130 56 GACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAGGCAATAAACCTTGGATTTC 0.06
M214 62 CCCAACTGACTAAACTAGGTGCCACGTCGTGAAGTCTGACAAGACACTGTCTGAAAACAAC 0.05
M269 62 CCAACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAATGATCAGGGTTTGGTTAAT 0.16
M230 68 (C),-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTATGACAACTTTATTTTTTATTATCACATTTATA 0.13
M9 68 (C)g-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAACGGCCTAAGATGGTTGAAT 0.04
M55 74 (C)15-AACTGACTAACTAGGTGCCACGTCGTAAAAGTCTGACAACTGGATGACTGATGAAAAT 0.03
M207 74 (C)14-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAAAGGTATTGTTATTICTCTTT 0.08
M38 80 (C)19-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAGGGAATGCTTACTGAATAAAA 0.09
M170 80 (C)1-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAACAACCCACACTGAAAAAAA 0.05
M217 84 (C)5-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAATGAAAAAGTTGGGTGACAC 0.02
M8 84 (C)5-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAATAACTTGGACTGGGTTCA 0.16
M96 88 (C);7-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAGAAAAGAGGTCTCTCATAATA 0.09
M174 92 (C)3,-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAGAATACCTTCTGGAGTGCCC 0.03
M242 96 (C)37-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAAAAAGGTGACCAAGGTGCT 0.06
M69 100 (C)41-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAGCTGTTTACACTCCTGAAA 0.14
M3 104 (C)45-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAGGGTCACCTCTGGGACTGA 0.12
SBE Primer-B
Marker  Size Primer Sequence Conc (¢M)
M7 25 CAATAGTTGAGTTACTGTTCTTCTT 0.10
M176 32 TGAAAGTCTGACAAGTTGTCCAGTTGCACTTC 0.11
M117 39 ACGTCGTGAAAGTCTGACAAACCAAAGGAATGCACATCT 0.20
M95 44 TGCCACGTCGTGAAAGTCTGACAAGAAAGACTACCATATTAGTG 0.49
M119 80 (C)1-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAATCCAATTCAGCATACAGGC 0.24
M134 92 (C)33-AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAAAAAAGGCCCAGGAAAGTAT 0.24
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O+M1757} 40%% AL W A AEZS 2FA| 83l aht)—ofoln] 1598 Abeol| A HlojubA] SRbh(TEAl A el A g
= AAEHA] ).
(2) Aokl BERIF X
114%3 6] M1 370 W5, o}z )7} opw|2}71Ql, 17kAIRE, 7h Pairwise genetic distances—Fstzt2 2 2E| 2t0I= xf0]
A TA w)=le] tiet SFERIES A 3S W B9 Q10 R 1F B opio] 7]EF Ea) v wste] o
e sHERIFC] U5 HQTk o ) WISl M 2 ER = v §AEHA Apolrt AleAlE Bl oP7l Skl FAgt
T dele X33 370 Fokrlop WSt &hds] thE s A el E sato] RlaskSit) Fokrlok 37 W2 71Ek 374
215013t (Table 3). glZ3} @48 2|2 KT} sl S ThE 27H mE_zo
Ql, &7 Fstgte] 27} 0.01155, 0.1112724] 7P7k-
2. #lstd SAH X o|8¢t BISZHH| £ 2 1Y o} 7)ek 370 W1Z9] Fstghd) v wsho] w@-e 2}o]

£ Bt} Skl d) ofx ] 7t o E] 711, FTFAIQE A T A
Aol AREE A ZE] U3k A A AA A AR ES ol 2] 7}Q1 2] Fstzke 2+t 0.68834, 0.55257, 0.575000]

Table 3. Observed Haplogroup Frequency in Each Population without Sub-classification of Haplogroup O. Haplogroups Observed in Korean
were not the Same with that of with African-American, Caucasian and Mexican-American

1 c3 D2 NO 0o Q1a1 E Elblbla2 F* | K* P Qla3a R Riblb2
Korean 0.08 002 002 087 001
Chinese 010 002 0.10 0.78
Japanese 0.03 008 0.24 0.65
AF-AM 0.63 0.05 032
Caucasian 0.12 002 0.19 0.08 0.02 0.15 042
ME-AM 0.05 0.02 006 006 0.06 0.21 0.05 049

AF-AM: African-American ME-AM: Mexican-American
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Fig. 2. Electropherograms of SBE reaction of two sets. (a). SBE-A set show five markers with derived state - M168, M89, M9. M214, M175.
(b). SBE-B set show one marker with derived state - M176. The SNPs M168, M89, M9. M214, M175, M176 show the derived state, which
leads to the assignement of the sample to haplogroup 0O2b with the final marker M176.
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QtH(Table 5). A th&5S oz 349 247] SNPE o] &
39S Aol gl e Ty} 7P Fstghs Hol 5
QoY 015 AN SERIFES ol &t BA% A=
FHART YEAI 7 Fstgh=-0.01757 (F720 -
0.07269) & X3 3t} (Table 6).
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Lf) gt=r013f Z|EF SOFAIOF 27} BIZ0f CHEH A A Q] 25

FRIH FFEEIAFEETEH sl Al 37l WS
Tl 7hs ks & Atk 28y Q1@ 7]ER Fofbafof 2
| WS Alolofl= H]S2E Bl R IIE EEE o] F4L Qo] Fo}
Ao} 370 W1 Abo]of| = o] 2 B 2] QFofTt

2174 % 307) Y-SNPE &3k Fobrfot 37) wol] tisted
o= ¥hEo] A S A=A A EA YERZ] flE, oY
7HA EAE AlEst A3 2AXAE 3924 (logistic
regression) ©| &€ FE|, AAF7}F vkl o AE 7}
58t P 2ARY S o] ot FAAE I A IS AL
S8t} Sl Tl dElofA FRld 127) skE= 1
Fo olgato] WA A WSS At el QlojA] AtolE Bl

SR IFSS WA (forward selection) O 2 A1)
st A3} }Z 215 C1, D2, 02b7} A els et v 370 &=

Ol

O

RIFS ol gato] Fatel, FQL, EQ 3t o5 4F
& BAsklth $YE VFOoR 58 3hE, 5 oA wekd
FRAG FHAAOR, FHAG FAAOR, YEAS JEQ
o7 QA o5 & E2 36.7%U0 T e 5o
2 o5 T FE, oA ek d@5s duloly Tl
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Table 6. Fst was Calculated Through 6 Y-SNPs Using AMOVA. 6 Y-
SNPs were M119, M95, M176, M134, M117, M7. Korean was
More Closer to Japanese than to Chinese

Korean Chinese Japanese
Korean 0.00000
Chinese 0.07269 0.00000
Japanese 0.01757 0.018502 0.00000

Table 4. Different Sub-haplogrouping for Haplogroup O in Three Northeast Asia Populations. In Korean, Sub-haplogroup O*, O2b and

03a3c1 are the Major Sub-haplogroups

(Unit : %)

Oo* 01 02a 02b 03a3c 03a3c1 03a3b
Korean 28 7 0 45 4 15 1
Chinese 40 2 2 17 4 34 0
Japanese 26 0 0 62 5 8 0

Table 5. Fst was Calculated Through 24 Y-SNPs Using AMOVA. Korean was the Most Closest to Chinese
Korean Chinese Japanese AF-AM Caucasian ME-AM

Korean 0.00000
Chinese 0.01155 0.00000
Japanese 0.11127 0.06391 0.00000
AF-AM 0.68834 0.57547 0.47533 0.00000
Caucasian 0.55257 0.44287 0.36214 0.16087 0.00000
ME-AM 0.57500 0.46707 0.38588 0.22802 0.03722 0.00000

AF-AM: Afrian-American, ME-AM: Mexican-American
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Table 7. Influential Haplogroups and Prediction Probabilities for Three Northeast Asia Population

C1 D2 02b
Odds ratio Point estimate <0.001 0.065 0.928
95% Wald confidence limits <0.001, 999.999 0.018, 0.230 0.539, 1.597
Predicted probabilities Concordant(predicted same population) 36.7%
Discordant(predicted different population) 20.4%
Tied (unknown) 42.9%
Discrimination Capacity 0.582

Using forward selection method, haplogroup C1, D2, O2b selected as influential haplogroups to predict each Northeast Asia population.
According to logistic regression, the possibility to designate each Northeast Asia population concordancy was low using above there

haplogroups.
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Fig. 3. Comparison of our Koreans data with that of previously reported for other populations. Other population data were from published
studies. Korean have different haplogroup distribution especially in sub-haplogroup C, D, O from Central Asia(D*), Northeast Asia(C3, 02b)

and Oceania population(C*, C2, K*).
a:ourdatab, ¢, d, e, f: previously reported data.
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