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1.1 BRER

307y HE A BB A0 45 . T NS AT
(The 1 000 Genomes Project) ' FJ 103 3 I % A
(CHB) 110413 HAN (JPT), My ZAEMETHR
(Asia Diversity Project; Affymetrix Genome-wide
human SNP Array 6.0 its /) ' i 100 £ & = A
(KOR), AHEREASTEAN(EE LA L.

Table 1 The information of populations

Source
The 1 000 Genomes Project
The 1 000 Genomes Project

Abbr. Population Number
CHB  Northern Han 103
JPT Japanese 104

KOR Korean 100

Asia Diversity Project
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Table 2 The table of coding example

Individual SNP (before encoding) SNP (after encoding)
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Table 3 67 AISNPs by collinearity diagnosis

rs# Chromo- Position Alleles  Fst In  Eigenvalue
some

rs17129041 1

66996037 T/C 0.0529 0.0088 0.4249

rs11164354 1 102439329 G/A  0.0436 0.0069 0.2149
rs12134013 1 164459913 C/T 0.0586 0.0102 0.3140
rs12039715 1 242801261 G/C 0.1726 0.0326 1.0169
54668680 2 10529961  A/G  0.0199 0.0035 0.1542
1s2587694 2 120213497 A/G 0.0026 0.001 1 0.099 6
rs1465759 2 142576915 T/C 0.0365 0.0063 0.590 8
rs1453054 2 181359907 T/C/G 0.0119 0.0023 0.3243
154677399 3 74519384 T/C 0.0307 0.0050 0.1788
1s9825713 3 100936248 C/A  0.0450 0.0072 0.2829
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Continued to Table 3 Continued to Table 3
rs# Chromo- Position Alleles  Fst In  Eigenvalue rs# Chromo- Position Alleles  Fst In  Eigenvalue
some some

rs4678169 3 124543103 C/A  0.0557 0.0090 0.8323 rs10506725 12 77449514 T/C 0.0444 0.0077 0.0477
156599390 4 956047  A/G 0.0584 0.0092 0.4320 152349093 12 128520953 T/A  0.0004 0.0007 0.1705
154144800 4 38006916 G/A 0.0228 0.0038 0.1370 1s9549212 13 41022093 C/T 0.0708 0.0116 0.1063
rs17583068 4 38908616 G/C/T 0.0558 0.0091 0.1089 rs1322944 13 53683163 A/G 0.0740 0.0117 0.6773
rs4865142 4 57549583  C/T  0.0372 0.0062 0.376 8 rs7317643 13 108536028 C/T 0.1665 0.0279 0.7347
1rs7698051 4 60278484  A/G  0.0445 0.0073 0.0440 rs12589835 14 30848932 C/T 0.0615 0.0093 0.0021
rs17372695 4 155060317 A/G 0.0030 0.0004 0.0920 1s12586912 14 34023334 G/T 0.0422 0.0070 0.3983
rs11133144 4 177229719 A/C/T 0.0446 0.0072 0.2310 rs11621121 14 65822493 C/T 0.0990 0.0146 1.0587
rs4133446 5 86155113 T/C 0.0645 0.0101 0.528 3 rs174520 14 88006776 T/G 0.0899 0.0136 0.0267
rs17207681 5 138168527 A/G 0.0823 0.0132 0.2440 rs10483991 14 88682616 G/A 0.0607 0.0116 0.4926
151609763 5 142018424 T/G 0.0232 0.0041 0.2652 rs6576127 14 106194763 C/T 0.1076 0.0165 0.1657
511959012 5 167668843 C/T 0.0694 0.0104 0.9422 rs7173982 15 36685718 C/A/T 0.0013 0.0006 0.1507
rs1178148 7 18778113 A/C 0.0795 0.0122  0.4649 s7173716 15 70123826 T/G 0.0723 0.0112 0.6416
rs258728 7 81663275 C/A  0.0337 0.0057 0.9255 rs12598852 16 13329469 G/A  0.0500 0.0083 0.3520
57802058 7 81697666 A/C  0.0512 0.0090 0.5178 154280278 16 29439227 C/G 0.0841 0.0130 0.568 4
156465469 7 95179593  G/A 0.0611 0.0097 0.7759 151420288 16 54477881 T/C 0.0519 0.0089 0.1415
157006443 8 9290753 T/C 0.0383 0.0085 0.0873 rs4325622 17 28526475 T/C 03617 0.0604 23113
rs10088365 8 10097398  G/A 0.2709 0.0432 12558 1s9303660 17 31420730 C/T 0.0614 0.0098 0.6869
1s12676684 8 118857704 G/C/T 0.0584 0.0091 0.3420 rs9896443 17 47125982 T/C 0.0738 0.0131 0.8385
rs2976396 8 143764001 G/A  0.1521 0.0246 1.0900 1s12459941 19 10666112  G/A  0.0631 0.0102 0.0138
rs12351269 9 16806521 T/C 0.0558 0.0091 0.2070 rs807959 19 22115835 A/G 0.0561 0.0091 0.3668
rs7038964 9 104423907 C/T 0.0419 0.0071 0.4402 1$7268940 20 9961532  C/T 0.0461 0.0082 0.2955
rs12768145 10 17610277 G/A  0.0532 0.0084 0.2798 1s6016226 20 38661387 C/T 0.0181 0.0053 0.2693

1827287 10 72708276 A/T 0.0435 0.0074 0.4568 1s229562 22 37599065 G/T 0.0827 0.0143 0.6118
1s7097617 10 77504287 A/G 0.0447 0.0070 0.0657 rs131864 22 47271217 T/G 0.0450 0.0072 0.064 7

rs10883736 10 104320029 G/T 0.0365 0.0058 0.399 0
rs1794072 11 61303803 C/T 0.0446 0.0073 0.2275
rs6589072 11 109322914 C/G 0.0501 0.0083 0.072 8
rs4578397 11 131832284 G/T 0.0737 0.0124 0.0756

Bold indicates 13 overlapping locis.

DL BE DL B MR IAE DAL 361 4> 5 A9 MDA fH,
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rs11174261 12 62362843 C/T  0.0473 0.0076 0.0370 A fHiFH MDA {E B¢ 5 19 424> AISNP v Simt, 3

rs11177698 12 69906287 A/G 0.0534 0.0086 0.1213 iﬂ%iﬁ%ﬁ%ﬁ%u%{f&{ﬁ (F{q 1) . %Jﬂjﬁ‘ﬁjﬁf{ﬁtﬂ

=

(0%}

W
T

Cross-validation error
i
W
(=]
T

=

[Se]

w
T

0 42 100 200 300
Number of SNPs

Fig.1 The cross—validation plot of AISNP number
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Table 4 42 AISNPs by random forest MDA

st Chromo- Position  Alleles  Fst In MDA
some

151325192 1 199244248 G/C/T 0.0625 0.0100 3.658 6 29
1512039715 1 242801261 G/C  0.1726 0.0326 8.7759
rs10171891 2 195971878 C/T  0.043 1 0.0073 3.900 8

156436971 2 231582797 T/C 0.0815 0.0133 42230

1s4353835 3 32446775 C/T 0.0849 0.0140 43381

1s9860483 3 138730737 C/T  0.0985 0.0163 6.084 1
1517631488 5 18777746  A/G  0.1030 0.0152 4.802 1 Fig.2 Venn diagrams of 67 and 42 AISNPs
rs17207681 5 138168527 A/G  0.0823 0.0132 4.180 8
1517451739 5 144030993 C/T  0.0732 0.0140 4.5547 2.2 FUMAEEE S S e T

rs9321180 6 130102959 C/T 0.0866 0.0128 3.830 6 MBS AEEPBEHLREE 80% MAYE il i 4e
rs1178148 7 18778113 A/C 0.0795 0.0122 4.1777 W2 softmax 7105 . 735 [ 5 WA G HLZR bk 3 RS
o T o0 e, R, 3
10088365 8 10097398 GIA 02709 00432 126343 TTEHIARIAISEGEAT T, AL4E softmax [f S )
152945733 8 134615750 T/G 0.0602 0.0094 3.7152 ) Hrate{H (0.05) SRR R LG S
rs2976396 8 143764001 G/A 0.1521 0.0246 6.9298 costfi (1). BEHLARMULFH YL ntree (500) .
rs12351269 9 16806521  T/C  0.0558 0.0091 3.721 1 HAr 20% MAVE R IR AL LT 3 Pl Bk T A5 A0 T
rs7022178 9 29780195 G/A  0.0720 0.0128 4.098 5 (ﬂ'“ﬁ% , Xﬂ‘ﬁ@“éﬁ%ﬁﬂﬁ(ﬁs(%%E%FXﬂLﬁi{mMﬁﬂﬁ
0 T 000 8y ko S5 W55
157032231 9 117025771 C/A 0.0706 0.0112 3.675 1 D], REEE L RpSAE . PR BT K B ST
1517121800 10 108710873 C/T 0.1007 0.0150 5.5209 UL 2% 5. 3 7l B39 T I0 A5E TRY 9F ) R 3 KT 96%,
rs11034709 11 38428289 A/G  0.1083 0.0169 5.864 1 softmax 15 72 Y B % Fll Kappa 22 801 & T 2 FF 0] &
1s11224765 11 101310590 C/T  0.098 1 0.0153 3.8168 WA TR 5 AL AR )

157117447 11 101351383 G/A  0.1118 0.0192 6.6489 3 FRTRIEL T 5 v 475 SRR 1 T2 e
1510894034 11 129255618 C/T  0.0521 0.008 5 3.6952 WK (355) 255 95%. LT A 1 BEHLA M
rsd578397 11 131832284 G/T  0.0737 0.0124 4.7244 - X

151678537 12 57900341 G/A  0.0885 0.0145 47321 AL (427 AISNP fiZsi, 94.53%) 5 671 AISNP
rs7317643 13 108536028 C/T  0.1665 0.0279 102117 7 5 softmax F 8 (95.51%) L 32 [i] i LA B
rs8014475 14 65811537 T/C  0.0937 0.0139 5.1416 (95.77%) HHERATEKFEAHIA .
rs10483991 14 88682616  G/A  0.0607 0.0116 4.9223 W 307 Uy FEAS 1Y 67 AISNPs 4 4 i1 42 AISNPs
morsen 1 s e osers omseasrs O I BIR ISR, RIR 1004
rs: . . . N S NITI N RN

rs9896443 17 47125982 T/C  0.0738 0.0131 52378 15FXEIJII§%7}$ZI§J£7§UI[ %ﬁfU%‘\L softmax [113,
152642066 17 65639014 G/T  0.0910 0.0139 3.9174 SCRF LS EHLARM TSR, I pROC LI
159941426 18 487281 TG 0.0689 0.0109 5.0027 predict bR R AT S 30X A 5 A A YRR AR 2 01l /Y
1s883433 19 39206288 C/T  0.0580 0.0092 3.809 6 o .

156123723 20 37082145 C/T  0.0891 0.0151 5.9578 2.3 STRUCTURESPCAESE

156030932 20 42146320 T/G 0.0659 0.0111 3.768 8 e 0 B 67 55 42 AL . A il £
1s760873 20 45393072 T/G  0.0582 0.0095 4.5624 . . L
151524930 21 40968460 A/G 0.0649 0.0108 3.7409 ;;ZS;ﬁEiigéﬁliﬁi;iim E;;jgg?
154820428 22 41537589  A/G  0.0762 0.0126 4.0675 : H ’

Bold indicates 13 overlapping locis. {Rﬁ%j\ . H ZIKJ\*HE% El)\ﬁj\%élzﬁiijtiﬁiﬁ‘ﬂf'ﬁﬁi
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Table 5 Performance assessment of three predictive models

80% training vs 20% testing

Average accuracy

Model Population of 5 times 10-fold
Sensitivity Specificity PPV NPV Kappa Accuracy cross-validation
coefficient (95% CD
Softmax regression CHB 1 1 1 1 0.975 0.984 95.51%
(67AISNPs) JPT 0.947 1 1 0.977 (0.912, 0.999
KOR 1 0.976 0.952 1
SVM CHB 0.947 1 1 0.977 0.951 0.967 95.77%
(67AISNPs) JPT 0.955 0.974 0.955 0974 (0.887, 0.996)
KOR 1 0.976 0.952 1
Random forest CHB 0.958 1 1 0.974 0.950 0.967 94.53%
(42AISNPs) JPT 0.941 0.977 0.941 0.977 (0.887, 0.996)
KOR 1 0.976 0.952 1

Aoy (E3) il leEal LU, JEZe k2 b
i 36 HH B 67 1> AISNP 37 s 0 A HE B4 X2 ORI ARG
T REPLARARIR 1L (9 42 4> AISNP 37 s, {HIZ Rl AL
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Fig. 3 The Structure result and PCA plots of 67 AISNPs and 42 AISNPs
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High-resolution SNP Ancestry Inference Model and Efficiency Evaluation in
Three East Asian Populations”
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Abstract Single nucleotide polymorphism (SNP) profiling is a commonly used genetic tool for individual
identification and ancestry inference in forensic genetics. This study collected ancestry informative SNPs
(AISNPs) from literature and public libraries, and applied softmax regression, support vector machine and
random forest, which were used to infer ancestry origins of Northern Han, Japanese and Korean, the three major
populations in the North of East Asia. We analyzed 428 AISNPs in 103 northern Han samples and 104 Japanese
samples from the 1 000 Genomes Project and 100 Korean samples from the Asian Diversity Project, using
multiple linear regression collinearity diagnostics and random forest mean decrease accuracy to screen and
optimize high-information AISNPs combinations which were used for ancestry inference linear and nonlinear
prediction models, respectively. We constructed two discriminant models of softmax regression and support
vector machine with 67-plex AISNPs and a random forest discriminant model with 42-plex AISNPs, achieving
high-precision division of Northern Han, Japanese and Korean. The accuracy rates of the 5 times 10-fold cross-
validation test of the softmax regression model, support vector machine model and random forest model were
95.19%, 95.77%, and 94.53%, respectively. The 67-plex and 42-plex AISNP prediction models established in this
study can be used for genetic inference of the three major populations in the North of East Asia with high

practical application value.

Key words forensic genetics, ancestry informative SNPs, the North of East Asia, softmax regression, support
vector machine, random forest
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