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X212 (Ancestry Informative Markers; AIMs)Z AFgsH o+ S+

o) A AA WA 7]trE A (Single Nucleotide Polymorphism;

2

SNP) vhAZL mamgel we AESA FAZERE A& 44
ARZ olgdtel ARE WX AR W AT FPFt A7 B

ofet o] & ol§ste] ofxzel7t, ofrlol, ¥ 7| o] 7hs s

=2t} (Royal CD et al., 2010).
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Aol Z} wiFo] ofdr BExe=A 7% A Aol & HE
507 FASA ¥t} (Pritchard JK et al., 2000).

oRAok QR B AuA GAbg vhd dozRE AR

1§ A A ATE HobAloksh el Foprlo Q] FAA

)
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)
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=
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)
o
rlr
=
-z
M
offl

obAlobZ O] W W B9
ol A= 7]91% oz yeRHt(Underhill PA et al, 2000,
Quintana—Murci L et al., 1999, Zhong H et al., 2011, Zhang X et al.,

2014)
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AZHAIMs) & A2 WF FHATAA Z A=
AYar . =8 e wpAE AREEe ATE FEl dE E X9
dskAl dAlehs i AR Wk zolE IRt ®w A AA Q1T
HAHS 253 & 5 Qupa Aekslr] wiEoltd(Allocco DJ et al.,
2007, Enoch MA et al., 2006, Li JZ et al., 2008, Rosenberg NA et
al., 2012). o]¢} #Ha] FEE SNP mpA] tfgh FopAopl#
SobA el oY KA RiEe]| ot FYRIF SR EGL, opAlo}

Ao FAAE B¥ @FT PR @R oY A4 wRe o

I

A77F SdstA HEEATH(Suo C et al, 2012, Chen J et al., 2009,
Xu S et al.,, 2009, Xu S, 2012).

Heolsr AdA delA ditR ¥E A9 (Massively Parallel
Sequencing; MPS) =2 ZAY @714 <E 4% (Next Generation
Sequencing; NGS) 7]1€9 =92 3 719 SNPE FA|o EX3+=
a0 ¥t (Bersting C et al, 2015). ol¢t @3] Hyjst
Alge] BHA A2 e DNAE W% AR 222 (AIMs) & Sl 4]
Mool A ThssteE AR sides sk AT EEHL

9ltl. EUROFORGEN—-NoE #AAAlddo] tjZd@ oz 31719 SNP

al, 2016) §He] 2HL WHEy Qo FEe FEelM WEHS
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T ATE AFHQ WSS FHs] o= ofEwol Tk o] fJe=
FToolA 27708 mtAR o] Foizl gido] stE A (Wei YL et al,
2016), Pacifiplexgti= ©ol5 o2 olZ |7l fH/EotAof/ Mol ol=

T-E3sk+= 297] SNP multiplex panele] A% (Santos C et al.,

gel TEe ARFAA AR 0E FL FAAE Sub-
Saharan OFLe7}, Holxe s, F3, AwobAlol, wobAlel, HopAlel,
Fopalol, Byollol, WPFA, rlFOoR FYT £ U T4AY

SNP #l¥x 23 (Li CX et al., 2016) & 9t}

NSs dSeted 2o 1S AR EAA(AIMs) FeolA 165
7Hel SNP wiAE Etets tiorE ¥Ed A9 & sido] 7idEdd.
Applied Biosystems™ Precision ID Ancestry Panel(Thermo Fisher
Scientific, Waltham, USA)2h= olFCo2 7id® o] sids 1 ng?

DNA¢] HAslE o] glom, o] mdo= WE 4 AFE Uiz

st Q= F AFAeA st gide x&dHE 165702 SNP
npAEo] Zdky o] ¢t (Kidd KK et al., 2012, Kosoy R et al., 2009).
P A FA} AFste B4 2 gdol= 65709 W= flo]E (Kidd

KK et al, 2012)7F #x dolg=z x3te]oigla, olgst 4
5



zzagel e o 4 gt AAE ARG AP 2Fel @Yt
$E wET @S ood BA ks Auac oA B, 7179

AZA¥l HID SNP Genotyper Plugin(Thermo Fisher)o]gh=

e

Plugin 2ZEgolelr oF5= W5 FiQd, 2Aokolel,

Fobrlolel, ofselziel, wobalelel, Molrlol 9oz oprlobele]

it

e AFAD e AlFeA Gethe wEel i FE A

HA @ ALY 2AE AgeA AR F SeA AR =
deA A dth(Themudo GE et al, 2016). 53] Fiolalotst
THobAobE  FobAlotr  ghetol AIE AlFAFE wAol Slo

opAlotelel AHHOR HgaselE oelEol ULk
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A ¥} Freund Y et al., 1999).
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Al Hepr) el wde] WE wEw AREA 71%9 BA, 7}
R Fee] Zrhel BuE AR o]F Fo A 7} et Abelo] LR
ZrbebaL, ol st £AYS obAlol URolA HS BUE AFL wln

otk olgh A WA PNt £ STR Zzaelg ol §@

FAHow Huses 434 2490 99, AAL A HA

t}(Lee HY et al., 2016).
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o
o
N
&
2
ol
rlr
2
1
et
o
2
o
)
&
30

FAZ ARE ol &3] AN & S FHot= A A US54
A Tk o]yt 559 stUE FAst 2t (Conomos MP et al.,

2015, Pritchard JK et al., 2000, Enoch MA et al., 2006). ©] 2]9|%,

WAl Ao AFE Al gt
72 el §A% Aok Qe de Feld Qm, Bl AT

%

W ol AAZ FA4 YuE olgste] AEY Flo] ofrn

o

QRN A PR RS a8 oHA gk sAw olg gL

ATEY dFEel #H 5 ATE SAHCE JAIFHIAY] wEe,

.
AC)

A A 5 A Kk

opctA g taew @ Htn AT
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7Feidol oy opd ol o Ay ARVE FEeHA o
dRoIRE, BES S vk A 7F @ FHo ok Fh

L3, DNAS] &40 9lo] S&e e DNAS &4 Xeb= Watst

Aot AWE FHe 94 22 54l Ak weky dFel nAS

E

Wol BAHE B Robel A P A 79 vAS 4L G

Mael wopeld AAHow oF mae AgE & goHw a4

Augke] vkt e §AF Aolrh EAlS=A, Akt e oE

NS AYSE Aol ALtk A¥ Y AAE WA hepa

T~

x4 71ds AAs = olEwt ds3 FEAMY (intercontinental
partitioning) = 7|HFO. 2 St Mu|AE A|¥sH/|E St} (Eriksson N et

al., 2010, Bryc K et al., 2015). 281} 73t At st w9 HY7}
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fERY F2 Aol oldd A= AEsh] oA

ojgt & ZFel BEFol oprolels widow W= I Xpo|rt
At olv] 4¥A 9l SNP wHAE £438ke HolHE s,
AAARJ &S fst Fof vAE olgd 5 ddE ==

Waxt sdeh olwl BE mART 9Ee wWol mA: 53

oA FAA ANE 0§ WH S Yol AN FFO=
GJoprbrl S1siA e AFolm, KA YHE o &dte] oprlohE
ARHow PRSI dFshs e N wEE 2 S Al

Aastta & 5 gk
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i=H

R
A 2
ohe 3}

. OFAJoF 77 W1Z2] SNP 32 AR 74 4 FA4

AF B4

AN olNolele tgew wWA7|tEA (SNP) B
olgato] ofAolale ARAOR ofZai wue Aureto 2y

A% g2 84T @A oldstu dch AR BEe

b}
i)
H
re

499 NEE  FHopAolBdelAlel/Adelalel F @

Ao AFstr] g AEI A E o]ge oS5 vl AT

obreele ARA O TR A M A3 wek FaD
W% o5 A7 72E AT
15



4% A= 0 P

T HH @5 (CHS) 9949, T= #Hlold x99 3= (CHB)
1009, 9% =3 A9 dEJJPT) 1014%, HIET SX7AE
Kinh W= KHV) 1008 DNA Al5%E Coriell A74(Coriell
Institute for Medical Research in Camden, New Jersey) 4]
THlstitH(Table 1). AlEE DNA %99 FHz 4= Ach

Al7e] Full= IRBeA] 591 o] % o] FAFHTH(C—1208—-057-421).

1.2 o] 8] ofAJolQl A5 9] 43

Hogu o 29 S AR BHEFQl ofrjolel AR
T 22k Abgel Fos Al ¢l DNAE A4 wF woprh. &2
A7 2o B FQ AEe 5% Ao f& 43 d4s
Algsta FoE W AFERoH, o= IRBelA Fls
HATH(C-1501-078-641). AREE A5+ F=<(KOR) 100

YjZel (NP) 1009, 1% Deccan A 9ol AF3= A= (N) 517

16

J'A! : ‘:,3' T



7] ~¥Fe] Pathan A193Q1(PT) 499, 3}7]A&2] Punjab # < ¢1(PJ)
50"o|th(Table 1). B¥H Al523 Alxm AL tjs] IRBAIA

TUs WPTHC-1404-068-572).

1.3 DNA A=
238 DNAE Quantifiler® Human DNA Quantification Kit
(Thermo Fisher)E ©]&3to] QuantStudio® 5 Real-Time PCR

System (Thermo Fisher) 7|7]2 7 &3t}

2. grojueg A 9 AlAA

2.1 DNA <%
Applied Biosystems™ Precision ID Ancestry Panel?} Ion
Precision ID Library Kit(Thermo Fisher)E& AFg&3to] DNAZ]

RARE =5 At 1 ng DNAC| 5X Ion AmpliSeq™ HiFi Mix

I

@, Precision ID Ancestry Panel 10 plE ¥3Fst= 5 20 w9
HEgaloz7  PCRE $339tt.  GeneAmp® PCR  System
9700 (Thermo Fisher) 717]1& o] &38to] Hb-g 71 99Tl 2+ %t
ans g3t A7le AEe 7R F, 99TeA 15%, 60TelA
475 3 FUIE 213 wbES F 10Tl E#ASith o]

17 :
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HESehAl ok AlEAl B AAE SE 2wl FuPa Aleke AA

A7 s 50CoA 102, 55 T4 108, 60CoA 20%2E wjekstglct.

2.2 ol9E A W AA

F=eZol dig vtm= offE e AF 9 FHRHA oS
grolu g el AAE & rhol=ele] w4 we]  Switch
Solution, 2 % Precision ID IonCode™ Barcode Adapters, 2 02
DNA Ligase® =l dHHo=2 Hrlel 22 TeolA 30 &3,

72 TColA 10 #7F 10 TolA 1 AzF Eob wjekatdct.

o\

Z )

AN

%2 golrdy AAE sl AR 7te]l=e weEl 1.5x Agencourt
AMPure® XP A]9¥(Beckman Coulter, FL, USA)S A}&3}9]

gA e

2.3 A%

g

rld
%

o
X
20

= PEZYE 2 wol &3 198 ws vl
1:100 3A NS =83 & Jon Library TagMan™ Quantitation
Kit(Thermo Fisher)E ©]€3&9 QuantStudio® 5 Real—Time PCR
System °llA] A=Fstth W 272 50CoA 2%, 95TelA 20%

e AR F, 95ColA 3%, 60TNA 30xS 3 F7]E 403

WA E AR tal PCR WSS 284 wE sasglon,

J'A! _CI:I : 1_-_] i

el

1



A= 7228 A FAFS] HID Real-Time PCR Analysis Software

v1.1S o] g3te] B35}

2.2 AA%
RE AlgE 30pME 3Axo] 20044 ste] Heo Yy EE
=H8 k. AFEE HE Ton 540™ Chip Kit(Thermo Fisher)®

FFe  AREEA @ TH A4 (polymerase)  7|HFe] AG

o

A71d oz AAsk, 2009717 (base pair) 8] Ho|HE 10~15Gb
A ¢ g Hel ARE A7 A Asst AH|d Ion
Chef(Thermo Fisher) 71715 o] €3l 1, ol AMZo] Hox™ Ion

S5xl System (Thermo Fisher) & ©]&3slo] AAAE S5

3. dlolg &4

3.1 AE7 dlolE 4

Al HolE % signal processing, base—calling, barcode de—
convolution A& A¥A 7]71¢1 Ion S5xl SystemolA] AEo =
AAE = HID SNP Genotyper v4.3.2 Plugin(Thermo Fisher) & &

2459 o] Plugin® $%8l A4S g8 Fobalel, b},

19 iy | il
M2 &t



SAlok e}, AlMgol, ®vl, f3], okZelst @ wrlE weld

6570 W= A9

ke
N

o=

et Fx dHolHE e

M

FolAotol= 10709 W=F(Japanese—HapMap, Japanese, Koreans,
Han—HapMap, Cambodians Khmer, Ami, Hakka, Taiwanese Han,
Malaysians, Atayale)©] X3 o] Qlar, ofAlotell= 14719 W= (Lao
Loum, Hazara, Khanty, Kachari, Keralite, Pashtun, Mohanna, Thoti,
Negroid Makrani, Komi—Zyrian, Kuwaiti, Palestinian, Druze, Jews
Yemenite)©] XE3Ho] k. o] HOHE AREste] ¢k #he

AlAkatar

L:IH‘
rlo

ghell A wbe gk o ® gt
3 Plugin fr3, Alobdo}, Fopalof, ofxe]7}, wopaof,
o= gl Agoprlol FollA AR L ZF W] &3 SEE AbE et
7t Az 8 165709 SNP mhACl dgt fAxE dRE

Microsoft Excel X & 132 ALg3lo] 42|34t}

K}
i
=
iy
;
o
)
iy
2
2
z
)
At
N
&
!l
i
_l
i\i
O
!l
é
2
jﬂ
g

Hoolg HaA W datd o] HEAl= HAPLOVIEW AXEQo &

AFE3Fo] A (Barrett JC et al., 2005)3F% 9™, Sigmaplot
20
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12.0(Systat Software, Erkrath, Germany)XZ13S 0]&3}o]

A% e

s}

#d Y A REE o]gs] AT FEE FA AL
STRUCTURE v. 2.3.4 %1% (Pritchard JK et al., 2000, Falush D
et al., 2003)°] AFRHSUL, F4 WF SHAHEKIE 1A 97HA]
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HEE Agsts WHiolth. BE olgst WS W A¥ (Variable
Selection)olzgt &&= HEr.  WHFEHAEHME  miHs
(parameter) ¢t = Hu Zlol& F 5%/ (6, 12, 18, 24, 30)th
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3 A voloj s A

B BAo SAS® Enterpirse Miner™ 13.1& AFEEITE Al
FTHO dHolg ARE WF 27 ;S ©EA st 5FF9
AcidE" doly MER RkE ol%F ZF dHeoly AEC o
207FA1 9] W4 EH (Variable  selection) 2} ZholAls  FA%k2)
TFores 022 sdstA A S7EAY APEAUT
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1. g8 45 &<

Applied Biosystems™ Precision ID Ancestry Panel& &3 &
750 789 ofArerqle] SNP whAZE Bl AT 17WW 165719
A7 Brolsg =], & A AdelM = 123,750708 FdAE &
123,00070(99.4%) 702l FHAgo]l AF 7|E= dol fiAgeR
Uetsth 671 FAAFE (0.005 %) AEAE 71714 ¢l3]A

oFoFi1(no coverage), 31870(0.26 %) FHAAHFLE FHdA LA

—

et A=A @Az Fd WMo 2 %2F HA PR A5E
omsl= 'NOC'®Z =EHrth. NOC7F &= vwhA & rs12498138%%
rs2196051 750% & 589 427%e] FHAFS oA Kot
Aoz ekt 165719 SNP wA F AL AHEAE
193x(rs1407434)°]2L, Hdl AW YA = 5369x(rs2073821) = Ft
1,918x(Fig. )& YER AT

T 3973/M@B.21%)°  #HAPLE DNA  Ak(strand) ¢
Bu@or Qg Hy AR WAt 2,27601441 A A g

ok M| (percent of positive coverage; PPC) @Aito] Elyt
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7509 T 1279o] Aok e mpACA FAAEFO] YERLEA]
ororar, Hol 19718 wpACA FHA FE EFokx(drop—out) O]
vebseh AR e 2 AEAE =F (mo—call) FAAEC]

HEEAY. o= FARRE ATrelM AR " S 90 %o @xld

2009) = A &% dtojrt.

o]y HA 3 (Heterozygote balance; Hb)gte] B2
0.33°14 3.689 W5 e rs1871534 nhAE RE Al RolA]
GG #FAAERS  dEhd= @Y% (monomorphic) = B,
rs3827760 vHAE HEHS] & W= ALdstd GG wAAE Bt
T3 16570 " FelAe B AFtel EFE 7l WIFelA A

B33 (LD) S Mol vz} s A eksrt).

2. opAoRQlY FAAY EX

H}d A FAlA AP HID SNP  Genotyper v4.3.2
Plugin(Thermo Fisher) & ©]&3to] 7501 9] ofrloiql {4 AR =
A ST o] AT E9oe XEFEo Qe Fx NHEY FAA

ARERe T4 WA BB AAstel BAE FALFY A
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AZHA=d, 1 FolA Lao Loum A&y} 7H =2 $EHE
Ad Zloez yetEth tE 178 Al opxlopx o R AFEHL,
drYol A9 KhmerWF3 7MY 52 $5HE UEH It (Table
2).

sFotAel Ao T fFdeAl ATtel  EFE HIERJIS
Fotrlol FAlo R oFEtt 1008 F 4282 1go] A ofyote]
Micronesians W53 7Hg #2 $E8E YUehd ZS A8k,
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e = Ao s A 1T (Table 3).
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oA wxHo] 50% v A5 gEs yehdle 2yt
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Ago e AEE rs1426654 W4T TEEHAC wEbqd F 9 Y

ROC index, W%, Eo]=E KW (Table 8), F4&—Agolro}
dFRdoe] Q¥F& 0.015, ROC 0.992, 9#% 0.986, 5ol%
0.979 = 7 $d 2l oz vekdth 23y edFEel

0.277 2 A & sH-—FHoProl dSEHEE 5ol 0.984 ©f

iy

k.

Uiz kel R grEe Ay B (Fig. 4a, 4b and 4o),
TH-—Fgolrol A5 R = rs174570 wiAZF TT FHAE S
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Table 1. Details of populations analyzed.

Geographical region

Population sample description

sample size (N)

Data Source

Northeast fAsia

Han Chinese South [CHS]
Han Chinese in Beijing, China [CHB]
Japanese in Tokyo, Japan [JPT]

Korean from Seoul, KorealKOR]

99
100
101

100

Coriell Institute
Coriell Institute
Coriell Institute

Seoul National Univ.

Southeast Asia

Kinh in Ho Chi Minh City, Vietnam [KHV]

100

Coriell Institute

Southwest Asia

NepaleselnP]
Indian[in] (Residing at Deccan region)
Pakistani in Pathan, Pakistan[PT]

Punjabi in Lahore, Pakistan[PJ]

100

51

u9

50

Seoul National Univ.
Seoul National Univ.
Seoul National Univ.

UHS Lahore
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Table 2. The likelihood ratio of 14 individuals in Northeast Asian based on 165 SNPs. Those were observed to have

the highest values for Southeast Asia. Only the highest value is indicated in this table.

Sample Admixture Prediction Population Likelihoods
Population % Population Geo Region Highest Likelihood

[CHS1-013 East fAsia 100 Lao Loum fisia 6.02€-47
[CHS1-04u3 East fAsia 100 Lao Loum fisia 5.60€-U6
[CHS1-067 East fAsia 100 Lao Loum fisia 4.20€-y7
[CHS1-083 East fAsia 100 Lao Loum fisia I.11E-48
[CHS1-093 East fAsia 95 Lao Loum fisia 2.81€-43
[CHS1-09y East fAsia 95 Lao Loum fisia 2.51€-48
[CHBI-00Y East fAsia 95 Lao Loum fisia 4.06E-Ub
[CHBI-010 East fAsia 75 Lao Loum fisia 3.01€E-49
[CHBI-020 East fAsia 100 Lao Loum fisia 1.02€-46
[CHBI-03y East fAsia 75 Lao Loum fisia 1.33€-54
[CHBI-0u6 East fAsia 100 Lao Loum fisia 3.89€-48
[CHBI-073 East fAsia 70 Lao Loum fisia 2.00€E-45
[JPT1-070 East fAsia 80 Cambodians, Khmer EastAsia 1.07€-49
[KORI-07y East fAsia 95 Lao Loum fisia 5.31E-49
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Table 3. The admixture prediction, likelihood ratio results of 42 Vietnamese data, based on 165 SNPs.

Admixture Prediction

Population Likelihoods

Sample

Population % Population Geo Region Likelihood
[KHUI-00I East fAsia 90 Taiwanese Han EastAsia 1.33€-49
[KHUI-003 East fAsia 95 Taiwanese Han EastAsia 2.18€-42
[KHVI-017 East fisia 100 Japanese-HapMap EastAsia 1.02€-U5
[KHUI-019 East fAsia 85 Hakka EastAsia I.19€-42
[KHV1-020 East fAsia 90 Micronesians Oceania 2.04E-Yb
[KHUT -02I East fAsia 95 Hakka EastAsia 9.UYE-U8
[KHUT -022 East fAsia 100 Taiwanese Han EastAsia 2.26€-49
[KHVT-025 East fisia 90 Japanese-HapMap EastAsia I.75€-U5
[KHU1-026 East fAsia 100 Hakka EastAsia 1.85€-U5
[KHV1-028 East fAsia 100 Taiwanese Han EastAsia 7.53€-U6
[KHU1-029 East fAsia 85 Taiwanese Han EastAsia 1.23€-54
[KHU1-030 East fAsia 80 Koreans EastAsia 2.51€-51
[KHU1-03y East fAsia 90 Hakka EastAsia I.I5€-4y
[KHV1-035 East fisia 95 Han-HapMap EastAsia 5.35€-Usb
[KHU1-038 East fAsia 95 Taiwanese Han EastAsia I.43€E-uy
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[KHV1-039
[KHV1-0u3
[KHV1-0uy
[KHV1-0u6
[KHV1-0u8
[KHV1-052
[KHV1-055
[KHV1-057
[KHV1-058
[KHV1-059
[KHV1-060
[KHV1-067
[KHV1-072
[KHV1-07y
[KHV1-075
[KHV1-076
[KHV1-079
[KHV1-08I
[KHV]1-083

[KHV1-08Y

East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia

East fAsia

90
90
95
95
95
100
100
100
95
95
80
90
95
100
95
95
100
100
100

95

Hakka

Hakka

Hakka

Hakka
Koreans
Han-HapMap
Koreans
Taiwanese Han
Taiwanese Han
Hakka
Japanese-HapMap
Koreans
Taiwanese Han
Han-HapMap
Hakka

Hakka

Hakka

Hakka

Ami

Han-HapMap

36

EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia

EastAsia

2.16€-45
2.97€-49
4.5YE-us
1.52€-43
5.99€-47
2.16€-U5
3.51€-50
2.45€-Yb
6.50E-49
2.18€-47
I.15€-50
2.52€-yl
1.62€-48
2.57€-46
8.93€-45
5.19€-48
2.37€-Y6
5.16€-45
9.72€-Y46

2.07€-49



[KHV1-085
[KHV1-090
[KHV1-091
[KHV1-092
[KHV1-09y
[KHV1-097
[KHV1-098

[KHV1-100

East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia
East fAsia

East fAsia

85
100
100
100
100
95
95

100

Taiwanese Han
Taiwanese Han
Taiwanese Han
Japanese-HapMap
Han-HapMap
Taiwanese Han
Taiwanese Han

Ami

EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia
EastAsia

EastAsia

2.04E-Y9
2.03€-47
2.67€-Wy
4.17€-u8
2.74E-u8
3.69€-49
3.62E-4Y

2.25€-43
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Table 4. The admixture prediction and likelihood ratio results of unclassified Southwest Asian.

Sample Admixture Prediction (%) Population Likelihoods

Europe Oceania East fifrica South fimerica Southwest fisia  Population Geo Region Highest

fisia fisia Likelihood

NP-00I 50 10 0 0 30 0 10 fidygei Europe U4.75€-47
nP-006 0 10 55 0 35 0 0 Cambodians,khmer EastAsia 7.40€E-53
NP-015 0 15 50 0 35 0 0 Thoti fisia |.68E-52
nP-017 55 0 0 0 us 0 0 fidygei Europe |.08€E-u3
NP-02y 30 0 25 0 4o 5 0 Hazara fisia I.11€-53
NP-025 0 15 50 0 35 0 0 Hazara fisia 3.00€-49
NP-026 0 15 us 0 35 5 0 Hazara fisia 3.04€E-53
NP-030 35 5 0 0 us I5 0 Pashtun fisia 2.54€E-57
NP-032 0 0 50 0 U5 5 0 Hazara fisia 3.713€-u8
NP-0y7 0 0 30 0 us 0 25 Hazara fisia I.17€-48
NP-052 20 0 25 0 30 0 25 Keralite fisia 5.20€-51
NP-056 10 10 0 0 uo 0 uo Mohanna fsia fisia 3.20€-50
NP-057 0 10 4o 5 us 0 0 Hazara fisia 9.28€-55
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NP-060
NP-06
NP-06Y
NP-067
NP-069
NP-07y
NP-078
NP-080
NP-105
IN-0ll
PT-00Y
PT-010
PT-0lI
PT-02y
PT-043
PT-059
PT-060
PT-065
PT-068

PT-088

30

20

35

4o

55

us

55

4o

20

4o

4o

us
4o
80
4o
10
80
25

75

4o

50

us

35

25

4o

20

us

35

35

4o

us

35

35

50

35

35

39

35

30

30

25

us

25

us

Keralite

Hazara
Cambodians,Khmer
Cambodians,Khmer
Hazara

Yakut

Japanese

Hazara
Han-HapMap
Kuwaiti

Pashtun

Pashtun

Mohanna

Pashtun

Chuvash

Jews, Ashkenazi
Pashtun

fidygei

Kuwaiti

Kuwaiti

fisia
fisia
EastAsia
EastAsia
fisia
Siberia
EastAsia
fisia
EastAsia
fisia
fisia
fisia
fisia
fisia
Europe
Europe
fisia
Europe
fisia

fisia

U.49€-51
3.27€-52

5.62€-56
6.77€-47
3.67€-47
9.39€-47
2.36E-47
6.12€-52

8.21€-50
7.42€-49
1.26€E-Uy
2.95€-49
2.95€-49
3.12€-46

8.79€-42
I.25€-4y

I.11€-49

I.18€-49
I.18€-49

7.61€-52



PT-104
PT-154
PT-155
PT-158
PT-172
PT-177
PT-179
PJ-m-0ll
PJ-M-01y
PJ-m-016
PJ-m-017
PJ-F-005
PJ-F-008
PJ-F-009
PJ-F-020
PJ-F-02I
PJ-F-025

PJ-F-100

65

35

50

35

4o

25

20

us

25

25

30

25

us

us

us

us

us

60

35

35

35

65

25

4o

85

20

50

4o

30

55

us

25

50

30

50

RAussians, Airchangel'sk
Palestinian
Pashtun

fidygei

Druze

Pashtun

Kuwaiti
Mohanna
Pashtun
Pashtun

Jews, Sephardic
Chuvash
Keralite

fidygei

Chuvash
Pashtun
Pashtun

Keralite

Europe
fisia
fisia
Europe
fisia
fisia
fisia
fisia
fisia
fisia
Europe
Europe
fisia
Europe
Europe
fisia
fisia

fisia

I.53€-42

2.87€-U5
2.36E-U6
|.88€-Y49
4.20€-Yb
5.63€-52

6.43€-52

9.73€-60
4.90€-y47
1.57€-50

5.17€-46

6.63€-48
5.9YE-Y6
1.85€-49
2.06€-52
7.03€-49
4.66€-47

2.31€-53
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Table 5. The results of applying variable selection method (significance level = 0.20, maximum depth = 30) and

decision tree (significance level = 0.20, maximum depth = 30)

(a) Northeast—Southeast

Variable Selection (alpha=0.20, pass number=30)

Undersampling-I Undersampling-2 Undersampling-3 Undersampling-y Undersampling-5
Variable Importance Variable Importance Variable Importance Variable Importance Variable Importance
rsl7u570 1.000 rsl7u570 1.000 rsl7u570 1.000 rsl7u570 1.000 rsl7u570 1.000
rs3811801 0.499 rsu98u9li3 0.459 rsl513056 0.746 rs3811801 0.8u8 rs2702uly 0.675
rs2030763 0.409 rs10513300 0.40l rs7226659 0.678 rs2532060 0.636 rs3811801 0.671
rs731257 0.405 rs980910y 0.400 rs2lyé678 0.639 rsl760921 0.512 rs13400937 0.650
rs12629908 0.368 rs2504853 0.395 rsu670767 0.637 rsl513056 0.507 rsl122998Y 0.649
rsl760921 0.366 rsy9083u3 0.392 rsl0y9697I 0.625 rsl1572018 0.4uy rs1950993 0.551
rs10513300 0.361 rs1950993 0.382 rsl1500127 0.600 rs10839880 0.423 rsl760921 0.537
rs980910y 0.347 rsuyé3276 0.381 rséu223y? 0.574 rsl122998Y 0.408 rs192655 0.522
rs917115 0.346 rs10236187 0.364 rs9291090 0.555 rs31064y 0.391 rs7997709 0.469
rs192655 0.290 rs2702uly 0.324 rs2330u42 0.526 rsl079597 0.387 rsl0y9697I 0.396

41

¥



rs2070586 0.289 rs772262 0.310 rs2238151 0.485 rsy717865 0.354 rs2030763 0.380

rsyylisys 0.288 rs207382l 0.305 rs772262 0.401 rsloy97191 0.306 rs9319336 0.355
rs10236187 0.277 rs9ug028 0.302 rsu91866y 0.391 rs10511828 0.289 rs10400y5 0.329
rs10yoyoy 0.259 rsy955316 0.302 rs104oyoy 0.335 rs10513300 0.289 rs10108270 0.269
rsl2y98i3s 0.259 rsu891825 0.29Y rs2l6662y 0.225 rsloy97191 0.179
rs10007810 0.211 rsll227699 0.281
rsy798812 0.206 rs1325502 0.281

rs10108270 0.272

Decision Tree (alpha=0.20, pass number=30)

Undersampling-I Undersampling-2 Undersampling-3 Undersampling-y Undersampling-5
Variable Importance Variable Importance Variable Importance Variable Importance Variable Importance
rsl7u570 1.000 rsl7u570 1.000 rsl7u570 1.000 rsl7u570 1.000 rsl7u570 1.000
rsug2looy 0.4yl rsu98u9l3 0.459 rs7226659 0.678 rs3811801 0.848 rs12629908 0.636
rs98u5y5s7 0.383 rs10513300 0.40l rs2lyé678 0.639 rs2532060 0.636 rs192655 0.609
rs7803075 0.355 rs3793791 0.388 rsu670767 0.637 rsl513056 0.507 rs3811801 0.551
rsuy717ys 0.3uy rsl513056 0.628 rsl1572018 0.4uy rsuy717ys 0.490
rs10108270 0.3yl rsl1500127 0.600 rsl0512572 0.335 rs7803075 0.470
rsy9083u3 0.337 rs3811801 0.483 rs13400937 0.uI8
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(b) Northeast—Southwest

Variable Selection (alpha=0.20, pass number=30)

Undersampling-I

Undersampling-2

Undersampling-3

Undersampling-y

Undersampling-5

Variable Importance Variable Importance Variable Importance Variable Importance Variable Importance
rslu2665y 1.000 rslu2665y 1.000 rslu2665y 1.000 rslu2665y 1.000 rslu2665y 1.000
rs3811801 0.285 rs3811801 0.254 rs3811801 0.285 rs3811801 0.285 rs3811801 0.285
rsl22998y 0.258 rs3827760 0.239 rsl22998y 0.258 rsl22998y 0.258 rsl22998y 0.258
rsl1950993 0.247 rsl22998y 0.235 rsl92655 0.247 rsl92655 0.247 rsl92655 0.247
rsl0236187 0.123 rséy223y? 0.132 rsl2y498138 0.123 rsl2y498138 0.123 rsl2y498138 0.123

rsloyoyoy 0.105

Decision Tree (alpha=0.20, pass number=30)

Undersampling-I

Undersampling-2

Undersampling-3

Undersampling-y

Undersampling-5

Variable Importance Variable Importance Variable Importance Variable Importance Variable Importance
rslu2665y 1.000 rslu2665y 1.000 rslu2665y 1.000 rslu2665y 1.000 rslu2665y 1.000
rs3811801 0.285 rs3827760 0.239 rs3811801 0.285 rs3811801 0.286 rsl22998y 0.267
rsl22998y 0.258 rsl22998y 0.235 rsl22998y 0.258 rsl22998y 0.260 rs260690 0.239
rs1950993 0.247 rs260690 0.206 rsl92655 0.247 rs3827760 0.222 rs3827760 0.211
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(C) Southeast—Southwest

Variable Selection (alpha=0.20, pass number=30)

Undersampling-I

Undersampling-2 Undersampling-3 Undersampling-y

Undersampling-5

Variable Importance Variable Importance Variable Importance Variable Importance Variable Importance
rslu26654 1.000 rslU26654 1.000 rslU26654 1.000 rslU26654 1.000 rslU26654 1.000
rs18004lY 0.306 rs10839880 0.203 rsl0U0u0yY 0.131 rs2835370 0.253 rsu98u913 0.240
rs1229984 0.211 rsl513181 0.159 rs10007810 0.131 rs1229984 0.211 rs10007810 0.210

rs3793791 0.129 rs10007810 0.171 rs10108270 0.135
rs10236187 0.125 rs2627037 0.133

Decision Tree (alpha=0.20, pass number=30)

Undersampling-I

Undersampling-2 Undersampling-3 Undersampling-y

Undersampling-5

Variable Importance Variable Importance Variable Importance Variable Importance Variable Importance
rslu26654 1.000 rslU26654 1.000 rslU26654 1.000 rslU26654 1.000 rslU26654 1.000
rs18004lY 0.253 rs2835370 0.253 rsu98u913 0.240
rs1229984 0.211 rs1229984 0.211
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Table 6. The optimal critical variable obtained by fitting the

combination of variables to the prediction model. SNP markers

with an importance value of 0.2 from duplicated markers are the

selected variables.

(a) Northeast—Southeast

Combination Misclassification rate (train)

Variable (Importance)

all 0.11

rs3811801 (1.00)
rsl7u570 (0.96)
rs382100y4 (0.52)
rs7997709 (0.50)
rs12629908 (0.49)
rs9319336 (0.37)

rs10839880 (0.2u)

All _twice 0.15

rs3811801 (1.00)
rsI7u570 (0.96)
rsl0108270 (0.4y)
rs192655 (0.40)
rs2702uly (0.35)

rs10513300 (0.32)

US_total 0.1

rs3811801 (1.00)
rsl7u570 (0.96)
rs7997709 (0.50)
rs12629908 (0.49)
rs192655 (0.48)
rs10108270 (0.43)
rs9319336 (0.37)

rs10839880 (0.2u)

US _twice 0.13
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rsI7u570 (0.96)
rsu82100y (0.52)

rsl2629908 (0.49)

DT_total 0.13 rs3811801 (1.00)
rsI7u570 (0.96)
rsu82100y (0.52)
rsl2629908 (0.49)

DT _twice 0.17 rs3811801 (1.00)

rsI7u570 (0.9y)
rsI513056 (0.33)

rsuy71745 (0.19)

(b) Northeast—Southwest

Combination

Misclassification rate (train)

Variable (Importance)

Al

0.017

rslu26653 (1.00)
rsl22998y (0.26)

rs260690 (0.21)

All _twice

0.017

rslu26653 (1.00)
rsl22998y (0.26)

rs260690 (0.21)

US_total

0.017

rslu26653 (1.000)
rsl22998y (0.26)

rs3827760 (0.21)

VS _twice

rslu26653 (1.00)
rsl22998y (0.26)

rs192655 (0.21)

DT_total

0.017

rslu26653 (1.00)
rsl22998y (0.26)

rs260690 (0.21)

DT _twice

0.017

rslu26653 (1.00)
rsl22998y (0.26)

rs260690 (0.21)
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(C) Southeast—Southwest

Combination Misclassification rate (train) Variable (Importance)
Al 0.0l16 rsly26653 (1.000)
rs10007810 (0.1773)
rs1800Uly (0.1633)
All _twice 0.02y4 rsly26653 (1.000)
VS _total 0.024 rsly26653 (1.000)
VS _twice 0.02y rsly26653 (1.000)
DT_total 0.016 rsly26653 (1.000)
rs122998y4 (0.1773)
rs1800Uly (0.1633)
DT _twice 0.02y rsly26653 (1.000)
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Table 7. The results of the selected variables. Only markers with

an importance value higher than 0.2 were selected. The nine

markers in this table were finally selected to use in an ancestry

prediction model.

Model Variable (Importance) Total
(1.00) rs10839880
rs3811801 (0.96)
rs1229984
Mortheast - rsI74570  rs7997709 (0.50)
Southeast r$12629908 rs9319336 (0.49) (512629908
rs10839880 (0.37)
rs1426654
(0.24)
rs174570
rs1426654 (1.00)
Northeast - rs260690
rs1229984 (0.22)
Southwest
rs3811801
r$260690 (0.20)
7997709
Southeast -
rs1426654 (1.00)
Southwest rs9319336
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Table 8. Evaluation of predicted models.

Training  Misclassification Training Training
Model Training AOC

Probability Sensitivity Specificity
Northeast
- 0.277 0.723 0.698 0.98y
Southeast
Northeast
- 0.015 0.992 0.986 0.979
Southwest
Southeast
- 0.027 0.973 0.952 1.000
Southwest
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Figure 1. Read depth per marker based on analyses of 750

samples (mean and standard deviation).
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Sample: Han-001

Admixture Prediction - Set of 151 AISNPs

Barcode: lonCode_0101

Bl

TEBEAdEE

Population Name

Europe
Oceania

East Asia

Africa

South Asia

America
Southwest Asia

Percentage
0.0
0.0
100.0
0.0
0.0
0.0
0.0

Confidence: HIGH. LogHikelihood value: 104.06. The likelihood value of the sample is within the 95% confidence
interval obtained from 10,000 random samples with the same admixture proportions as the test sample

Sample: Han-001

Population Likelihoods - Set of 151 AISNPs

Barcode: lonCode_0101

l.n""

Population Name Geo Region Likelihood
Hakka EastAsia B.3BE-45
Taiwanese Han EastAsia 6.55E-46
Han-HapMap EastAsia 2.47E-46
Lao Loumn Asia 1.7BE-46
Koreans EastAsia 3.84E-47
Cambodians, Khmer EastAsia B.B4E-48
Japanese-HapMap EastAsia 2. 4BE-48
Japanese EastAsia 8.36E-50
Atayal EastAsia 6.35E-52

Ami EastAsia 3.54E-52
Micronesians Oceania 4 83E-53
Malaysians EastAsia 4.B5E-55
Yakut Siberia 6.22E-57
Hazara Asia 1.81E-59
Samoans Oceania 2.30E-60
Kachari Asia 1.04E-62
Thoti Asia 1.9BE-65
Khanty Asia 1.04E-68
Keralite Asia 1.20E-71
Mohanna Agia 4 44E-75
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Maya, Yucatan MNorthAmerica 1.37E-75
Pashtun Asia 7.0BE-76
Chuvash Europe T.A8E-77
Quechua SouthAmerica 6.22E-B0

Negroid Makrani Asia 2.659E-83
Kuwaiti Asia 5.99E-B4

Melanesian, Masioi Oceania 3.33E-B4
Ticuna SouthAmerica 0.8TE-B7
Guihiba SouthAmerica 3.59E-88

Palestinian Asia 2.22E-88
Adygei Europe 9.71E-90
Somali Africa 1.96E-30
Russians Eurape 3.20E-91
Pima, Mexico MNarthAmerica 1.77E-91
Papuan MNew Guinean Oceania B.60E-94
Komi-Zyrian Asia B.50E-94
Jews, Ethiopian Atrica 2 52E-84
Finns Europe 1.91E-94
Russians, Archangel'sk Europe 2.73E-95
Hungarian Europe 1.06E-93
Druze Asia 8.47E-100
Greeks Europe 4.09E-100

Jews, Ashkenazi Europe 2 42E-100
Jews, Sephardic Eurape 4.57E-101
Danes Europe 2 14E-104

Jews, Yemenite Asia 1.60E-106

Europeans-HapMap Europe 9.10E-107

African Americans Africa 4.6TE-107

European Americans Europe 2.41E-107
Sardinian Europe 7.28E-109
Irish Europe 8.74E-110
Samaritans Europe 6.92E-113
Karitiana SouthAmerica 1.67E-113
Surui SouthAmerica  1.36E-116
Sandawe Africa 2.64E-121
Masai Africa 1.81E-125
Lisongo Africa 2.01E-129
Chagga Atrica 8.96E-130
Hausa Africa 6.09E-144
Zaramo Africa 2.15E-153
Ibo Africa 3.68E-167
Mbuti Africa 6.39E-170

¥ oruba Afrca 1.24E-170

Yoruba-HaphMap Africa 3.92E-175

Biaka Africa 7.28E-183

Figure 2. Example of HID SNP Genotyper Report from Han

Chinese
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Pathan Punjab

HAN Beijing Japan Korea Vietnam Nepal India (Pakistan)

Figure 3. STRUCTURE analysis results based on 165 SNPs. The

most likely number of clusters (K) is two.
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(a) Northeast — Southeast

rs174570

rs3811801 rs3811801

[ AA ;[{GGorGA|

Southeast Northeast
(90.91%) (78.46%)

Northeast
(83.33%)

rs9319336

Southeast
(100%)

rs7997709

Northeast Southeast

(60%) (100%)

(h) Northeast — Southwest

rs1426654

Southwest

(97.86%)

Northeast
(100%)

rs260690

Northeast Southwest
(80%) (100%)

o4



(c)  Southeast — Southwest

rs1426654

AA or AG

Southwest Southeast

(95.45%) (100%)

Figure 4. Classification Rules. This is an illustration that explains
classification rules using decision trees. This probability is
calculated as the probability among the samples included in this

model.
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BAEE FHIA A ST

SNP  mAES] AWMAE  Zol(depth; x)Z  YER=T],
ARbA 0w 102x o]dold & ARE uE A AGH 7I7E
olgallA AlPA F& w 99.999937% FAF FAAAS vehitia
dH A th(Ajay SS et al, 2011). webd 2 AFodE HAi
AW AZE 102xE o= YERES 3 Hel =oH= ARl
MEE 20072 Alststel AP AT 2 A7+ d= ¥4
AR HdEs ARESE 27] @AY Al AR HEe d% S

stobs] ®Wazk B ZolE oF 2000x7t @ & UAEF g Al

nEFZEgol 24 22 (control region) S Eo] & Az, DNAZ

O

dHlelE ool §lv AlE Ustwt sdd sids ol &3 oE
=i (Themudo GE et al, 2016)°lA % DNAQ] &4 #glo]
A FAR A elA FAR Fol YERA| o= Zow Kol Hdl
AR o] FRAS EAQ Aow  AZddn. owk fAAEo]

e s SR A7 g 2 dgola faxde] e

G wl o] AubA HE H9e] ofrlolale] EolHel TxH A7)
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AEAE T O gRlo] Q3 Aol g 2 AFolNe Y
g o] wawA k=t ol AA AR A7I7F 7501 Hol
w2 7] Wid s vk webd 29 sy AR U SO
Aol @l 9 A3 vEY oRE oA 1dE Fevt Sl
g A AL A A FSF= Pluging o] 83t A35 A# R, Lao
Loum A 913} 7Hg =2 SEHE Ad F&Hoprorql 139 F

127

rlo

Zelo g Felyduh(Table 2). g2~ (Lao People's

F)

ol

Democratic Republic) &= &dolAlote] WF7(Great Mekong)
Aol 1A W5 =7z A ool wet ARS A AIA 2 AAEjA o8t
S0l AA wEu. 53] HF AAdoM= At A7 B, T
i A3 vjd A dAaE v $ok(Sayasone S et al,
2011). wiel 9 A7) = 10 A7) ol F T EiolA shes S
Ao Fe] o]F7h dojwkil(Stuart—Fox M, 2008), o]# &

o]-§¢Z 199 Wl =<l = 12 "ol Lao Loum W3 =&

A+ (1.5 %), Min Nan ¥ Hakka 915091 %), = EEJ(7.5 %)
SO 7 FAEoQItty sttt Min Nan ¥ Hakka &2 17 A7) o]

T FEEFOA giwte =z olwl & t7tel (Lin M et al., 2000) 2.2,
58
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52 st o S3et]
A= B2 T Fdobrob wWIFKo]  Hx dHlo]EH|o] Ao
Egry]ojol  SHAlY. mERZIRIE Q1 EQIE Negrito, Australoid,
Mongoloid, Caucasoid®] 47}# HFdo =z EFeE = Juvz I8 A
Atk (Majumder PP, 1998). o] olf=E  Fgobr|otst

Agotrolele AZFHAY oI5 WNREe F7}

o[\

AR AFESh=d)
FOlE 7]&oof i,
STRUCTURE = =21#& o]|g3t 77/ WFe QA4 FRLEE

AR (Fig. 3), FRobalol xele] AR @5 Ao wEy

TiE 7hsAo] Holrx dtvh wEbd WS A §X9 SNPE
o] g&& wA ol ATEHEAY wiAE FrHHoER R
ofrlofRlE AN HYHow FEE TS JhsAdol i, ¥ yelrt
A FEo] opd Yyt HEE RS T F 0SS dAsh
A= obrfol Ao Q= 7 ) RISwRE v o R sfof, o]
770 W1E ZFo= #A Torrent Server HID SNP Genotyper

dolg o] 2ol EgHo] e WHFE Sl FFHol QA I



MFLE gtk oleldt AxEel: o] NE 54 Hde] ol
sk = 2t} HID-SNP Genotyper v.4.2 Plugin(Thermo Fisher)<
A MATA SNP WAL §AAE WES w8 ste] dlo] o] A

el vFdt Hx fHAdelM  faxge 2 s

o

Alxb ke,
AH}A O 7 o] Applied Biosystems™ Precision ID Ancestry Panel
< Plugin A3E AREete] FHoRA oL AMRES  FokrolRlo®
Hluwd  geatA o5 = Qv gy olYd AT EOE

Al B W Agebaolal e selsteld ther

v

el A 9

rlo

Wizol Westth W Ropld A Y AT WH

e
2
N
i
o
rht
ol
rir
»
flo
2
=
2
=
B
i
i)
[-‘O
me
BN
I
gl
o
-
rir
»
=

9d otk Pluging dAAl 2 ES o7t AFste 3 olele] Hx
A= T gl dolEHlelAWe FHx AT HAE T=
48 5 gk oo olYI AZEYAE ofrlolloAl niE
g7 oEgol e AR oiFste], ofAlellS o Fst=t]
= U 783 RdS S Baat &gl

oS Ed FFole JAFE AU (decision tree) diEEE
AbEsESlYr, oA A A U= Ao A & (overfitting) ©] dojuyr] Har
A% T Ao We Fo] dve I df5 WHarh BE A
o8l Ao R olitstEel HRIE EARATHE Wilo] vk aFANL

2 714 &<5(machine learning) ¢xgl=y vlwer w), JALAA
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if?

e 2R fHe] fow meux 2 B@ua(black—box)
mdlo] ohold ®F FHOE 44 dmeElEe M¥T 5 Avks

ZAAo]l 9tk Dreiseitl S et al., 2002). & AFqA= EF HF3IS

AgSHE W% A% mae TEFuA Sk 16549 SNP o
Mg Feld AFAOZ 9719 SNP whAZE AeHg o] FelA

rs1426654 vIAE BdoAlolsl Aobrlols FRat @ st

BAR AFHAY. o] AL WP Ax AF Awge Fod
MAR A EdY wWold 279 AFe HWE 4 Y- Aow

adHA AT o] FHAF Wol= 7 ofAlof QlE Afolo] I AN wHo] g}
redo] dvka 4 A Sk (Mallick CB et al., 2013).

Agg wpA it FHARl ARE Ak, vhekst tiarEe
AlAA ZT2AEZRE AL exomed genome H|OJEE A ¥
Genome Aggregation Database (gnomAD) (Karczewski K et al.,

20174 9789 mAE e Hokt o] dHlolEHolAs
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125,748701¢] Exome UH°o]E 2} 15,7087H2] genome H°lEHE

=

HAgsta glow dxzbA 7 #HE I genomes 7
tlolEjo] o]t} o] HoJHuo] o= ofAofRlo]  gofA]olQl T}

obrolol oz tirold EREo] A, oliAE wobre}eld

genome HoJE= T EgE] A odth sH-FH

o

=
IT

o
a

6712 mtALE FotrlorRlelAl tiy =t W% (allele frequency)”f

0.3140% €] 0.6947=% uETh o]+ #ido] &3+ SNP wml#AEo0]

FAA WE Put EFEA GO FR-AW, Bd-

>
n
M
4
>

FEoE AYEHyA  wAQ rs14266549 tiHFAR} WEE

SobrlopRlell A 0.9931, dHofrfoldlelA 0.2251%

-
o
v
o
k
o

WA W] o)zt o] mAE FoEVE w2 iR A4
ZoR RHY FH-Ad ERelM AdEE rs1229987 v A
npRb7 kAR Fobalobdlel  0.2623,  HolAlokelelA  0.9496%
Rz Wee] Aols ®ilth FE-Md Rl Adgd
rs2606908] Fokrlordl tiHFHA RIEE 0.04955% Wi w
FHE YERTE HobAlobl o] i fAA PR EFHA FRA
Folrlolalnt nlma AhH o e gESAA NEgs velrd

ZO R oAt
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o= Rde] tst Pyt HolES A EW(Table 8), T5—
FyolAlole] e HIEo] FUdow =ARE o] FdolA|ofglo]
HEGT Xstyo] Qa1 5% w$ Z7] wwolghs #wo|t)

JHy o5 BRYY F-HE AR ROCZE BEF 07014 C®

S elgAE ST A8H SHelA olelgel Ao gtk A
2 olege Il wHe Ade] WA FAH Holw wgeA
Srerhs Aotk oleld WA B o HFE wedl A Ajow
st o] Has] olelg 4 Utk 58] oprloh: wWE ¥R 5%

Ao JFHol Qe WISFE 3, ipHoR oy e 4
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Abstract

Introduction: The estimation of ethnic origin from biological
derivatives obtained at crime scenes could be usefully used to
solve the crime efficiently by reducing the scope of the suspect
related to the case. STR (short tandem repeats) markers used for
individual identification in the forensic field are not related to
human phenotypes, the information available is limited, and each
country has a strict database management, making it difficult to
use data from other countries. It is expected that there will be an
unsatisfactory accuracy in obtaining useful information from
paternal or maternal ethnic prediction using Y chromosome and
mitochondrial DNA in the situation of increasing international
marriage. In this study, the utility of prediction model using
autosomal single nucleotide polymorphism marker for Asians were
constructed and the factors that can predict the Asian population
in detail were examined.

Methods: DNA samples from 750 Asians and the autosomal single
nucleotide polymorphism (SNP) analysis was performed. For SNP
analysis, commercialized panels using massively parallel
sequencing devices were used. This panel was developed for

ethnicity estimation that includes 165 SNP markers known to have
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significant differences between ethnic groups. Based on the
obtained experimental results, a statistical method was applied to
develop an ethnic prediction model.

Results: Nine statistically significant SNP markers were selected
to construct an ethnicity prediction model for predicting the Asian
population to one of Northeast Asia, Southeast Asia, and
Southwest Asia. The misclassification rate of Northeast /
Southeast Asia prediction model was 0.277, misclassification rate
of Northeast / Southwest Asia model was 0.015, and
misclassification rate of Southeast / Southwest Asia model was
0.027 was confirmed.

Conclusions: The model for ethnicity prediction using autosomal
SNP was established in this Asian group divided into Northeast /
Southeast / Southwest Asia. This model was constructed to be
predicted step by step by dividing it into two ethnic groups. Based
on the results of this study, it i1s expected that the forensic
application would be expanded by reflecting the data of the

various Asian ethnic groups not included in this study

Keywords: forensic science, massively parallel sequencing,
ethnicity prediction model, SNP, Asian
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