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FZARZTT R T — R P 5T L E N R
PRAE S RSN @y TR T E RN
InDel MR AR ML ZR , 40 InDel _typer30 & &4~
AR, HTHEDNE. K. g5R15. 50
L OS5 AN DNA S8, v 5 i FEHLIC B
WEACIR 107", ZEA Y M B R IR HE T 7 1w, RAAE
2006 4, Bastos-Rodrigures 25 "7 fifi i T 40 4~ 5%
{7 £ InDel #ric, 58 1T 5 AHf HGDP-CEPH
2, 5 RRWIZ 40 7 SRRt 58 B A
R 2R R S A m L gs ke (B, B, R
W RN SRR -rh AR - ), 5 O 32 S R X
IR A A2, 20124F, Pereira %5 1S ik 1 46 4
A5 S InDel 7 55, HEE—AFHFXAEEM . KR
W IR S e B SPEATIR & ABERY A% i
Zaumsegel 25 ") #7715 21 4> InDel {375, A
T=RMBRARE R, B, JEU) R T
WA AR 2R . R T DX AU PR ARE, B 3R A
FIt 67T MR A G, REAS S AT —
TR ERE R TERA X 4 2 BT, AR
HA BT 1) 2~3 A InDel {37 15 4 /E— A5, B
multi-InDel bic, L fdi 15 InDel Fric XF AFELE 4 X
g5 AR IEHERT 2 AR S AT R i — 0
P .

AMIESE FLEE TR . AR RN R AR gt 4%
ERRREAL, i 38 MHH S (R B InDel £/ 55, [A]E
#£ 4 Amelogenin {37 55 Fl1 Y Je /& STR (DYS439)
a5, FEF PCR-CE % T 38-plex InDels £ il {4
R, MZIRRMMESME . R HEEY R i
ATHAE, 3 1000Genomes U5 5 1 1K) 2 % BEAK
RS A FIFEAREAS AR, PR IZ AR R0t
SRR AFERY X 0 340RE . Ll YR 3 e 40
SLgRE AR, T S Rk InDel K5, A<
R SR ZAE R SR E SR REEN, LA
56 8 DNA FEARY S8 I Ik 43 8L, £ 5 InDel 43 74

1 HHSH%

1.1 SEIRHER

AT 5% 16 B L HUHE 72 1000Genomes 1 16
A NBEL 607 A FEAS, KEIFEAALEE S A~ AFE 779 13
FEAT T By 809 215 yMEyk R Am-~,
3 NHE 615 F 215 1 B2 S AR IR T E %<
PR L E RS FHiFRWH (YCZYPT

[2017] 01-3); 2~ ABf 164 {7 DNA AR FIL
YT TR, TEAN(E B L3 1. AZEHE 41 DNA
bR 1 5 9947A . 9948 FI K562 (47 4 ¥ & A
10 mg/L), WJK H Promega /s A . T A FEA X} 521
S BN R B AS . A9 B e 2 R 45 5
OMEHIZE D12 AR B

1.2 Ak

1.2.1 DNARBURIE &

* M QIAamp® DNA Blood Mini Kit & 7] &
(Qiagen 2AH], FEFE) $EH FRMIAFEADNA, K
H NanoDrop 2000¢ Spectrophotometer (Thermo 2
A, L) 17 DNAER, PILE T KRR R
W EE 2 1~2 mg/L 25 1 . ¥4 DNA b1 #E i 9947A F1
9948 FEATALFEFGRE, {4 Quantifiler™ A2 DNA &
ik & (Life Technologies A F], ) #H17E
i, TR
1.2.2  InDelfs 55 i 1%k

S 25 M S SCHRARAE 1+ 2 R dbSNP JE, i
4 B 1000Genomes & A 5 dE Wl (AFR) . 4 W
(EAS) . BX¥H (EUR) AHfKBIAHICHY InDels 137
A, R DUF SR 0 e A8 5 A R 119 38 1 InDel
i a PR Y RE SR RN A5 b, SR
FER K 2~15 bp; ¢ PN 5 22 8] i) e /NPy BRER
B> 5Mb, FrikEfiSRES; d BTN A
Hardy-Weinberg “FAfif ; e. = JCHEMR I IR ] (1) 45

o7 3 PR % 2% S §0.25; £V S 40 AT LIiEf 7 e
EHE 4 PCR.

1.2.3  InDelfv s XA RBCRPFHY

LA 1000Genomes £ 4fz 7 1 16 S AHE (1 607 {7
FEA) AE RS2 AHE, XIS InDel {37 15 1 X 43
WCRBATVEAS . R LA OrE S AT o . a. fd A
WEHEWT 4 DAA v1.0 ) (DNA Ancestry Analyzer,
DAA) i 5 A 1Y B 4K UT C A %8 (population
assignment match probability, AMP) FI{l #X It
(likelihood ratio, LR); b. ffifl DAA v1.0 #4314
A BEAH S o e B, flf AT CLUMPAK Xt
STRUCTURE &5 A7l ¥4k 5 . SR A Rv3.2.3
VEAT 32 W43 43 1 (principal component analysis,
PCA), JfJH R & J¥ 1U ggplot2 i i F jk 15 2
B sl dL 2EE T AMP (B AR S o A T B ¢
HIWE 2200 M LR<100 Hf 21, AMP ARG LA
IAHER: . [F A5 1000Genomes AT H2 {1 A HE A SR IR
5 BT .
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Table 1 Sample information”
World Region Population Abbr  Sample Size Source
o
Africa (AFR) African Caribbean in Barbados ACB 96 1000genome
Esan in Nigeria ESN 99 1000genome
Gambian in Western Division, The Gambia GWD 113 1000genome
Luhya in Webuye, Kenya LWK 99 1000genome
Mende in Sierra Leone MSL 85 1000genome
Yoruba in Ibadan, Nigeria YRI 108 1000genome
African American AFA 90 University of north Texas
East Asia (EAS) Chinese Dai in Xishuangbanna, China CDX 93 1000genome
Han Chinese in Bejing, China CHB 103 1000genome
Southern Han Chinese, China CHS 105 1000genome
Japanese in Tokyo, Japan JPT 104 1000genome
Kinh in Ho Chi Minh City, Vietnam KHV 99 1000genome
Han Chinese THC 56 NICGR
Hui in China HUX 333 NICGR
Europe (EUR) Utah residents with Northern and Western European ancestry CEU 99 1000genome
Finnish in Finland FIN 99 1000genome
British in England and Scotland GBR 91 1000genome
Iberian populations in Spain IBS 107 1000genome
Toscani in Italy TSI 107 1000genome
Caucasian in Europe CAU 74 University of north Texas
CentralAsia (CAS)  Uyghur in Xinjiang, China CUX 226 NICGR

 Five test populations are highlighted in bold and italic, others are reference populations of 1000Genomes.

124 59O AE K

% JH Primer premier 5.0 #%31 H B i % f%) InDel
7 15 DA N DY S439 JE (A 2 Fil Amelogenin 1 531 & [A] J8&
(I PCR 5 |#, WEY T B R 50~200 bp,
£ Tm {H5 Fl 55°C~65°C, FefE GC & i 50%~60%,
FI F NCBI Y Primer-BLAST T B JE17 51 ¥4 1k
¥4F, 43 %2K I FAM,. HEX., TAMRA FlROX
TG ERC. FrA 51 h A TAYABRA
Al A RCRIRRIC .
1.2.5 InDelZHE AP HERMIAK R

FE LA 9948 N BEHUKE B 1Y 51 W HEAT B A
PCR, PSR MgCLIRE, REIR X
HEE 58°C, &0 M E BT R R AE . g it
P SR R N 10 pl, N 2.5xNiHi S9 PCR
master mix 4 ul, MgCl, (25 mmol/L) 0.2 ul, 5%
RAW1 pl, HHDNA L pl (WEEF 1~2 mg/L) . fifi
JH Eppendorf Master cycler nexus PCR Y"1, IR
Z%0): 95°C 10 min; 95°C 15's, 58°C 1 min, 1k
28 MG ; 62°C 30 min, 25°CHAIE .

BT wl PCRZY15 9 wl HEERE . 0.5 pl Typer
500 NARIEZ), 95°C 3 min J5 37 Bl VKA 5 min. B4
i HL UK 7E ABI 3130 XL B33t % 43 B4, {4 ] Pop7
e, 36 em B4 AT UK o B L o
GeneMapper“ID v3.2 A T4 BT HI RS, 159 281
PLERBHE AL, B, RIVEE T4
WFFE ) Panel 3C4 . Bin X4 M method SCH4: . 2543
SR 0 v [ 5L B SORFU (FHXT 28 Gom ) . 7E
HLUK B RS, BN 7 A5 InDel 43 FUEE SR DL <47
FIR .
1.3 NBEREZARTR A i B SR IR HE B

XTWCER B oR B 5 AHER 779 4 IR A A K
12 0 RN EA RIS T 5 BURGIN , 43 T 45 B A7 5
FRB<B3 A NAR AL . L 1000Genomes H1 167~
FEAR Y B BB E S 5 PRt A7 e i, AU
PHYLIP v 3.69 # RG A F R . XWAMAIEAT R
TEHEWTET , 25 G HEARVCRCRER A BLR LE R B
AT 2
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14 FRMEEWIEERE
1.4.1  EFPERIE

IR AR AR o BEALI IS £, %F 38 4~ InDel
{7 s 4T DNA — QI3 DABGIEAR 2R 4 B 25 5L
HERRTE .
142 RESENK

TEFE9947A . 9948 Wi Flt DNA Fi i i i 474 &2
MiBE. 10 ng., 5Sng. 2.5ng., 1.25ng. 625 pg.
313 pg. 157 pg. 78.5 pg. 39.3 pg, JHKIHE MY 38-
plex InDels (R R Y G RURGHG,  DAMNAR R 1) R
T
143 FEHEYHEHE 1M

K 0.5 mm EARFTFLAS I FF I A9 MRV s L i
K EHCRE, K 0.5 mm [B A 10 pl PCR 20 i
Hr, FLAEY 1S9 PCR S 1A 3R FTAE A S 504 #
125 TICE

(b) CAE chip

1.5 #FRESE 2SR

A5 2R G A RO 00 R SR
AR, %R & L2 SRR T RS- 380
i (DEAS ) . S22 M ) B AN ks A
(CAES ) VABH T8 bR i s [
R AL S R AR IR A B R AR B TR
Bl S OcEk [33]) . SR EEL RN . fH
45 ul PCR Mix, U 4.5 pl 5l ®WiRAEY, 18 ul
2.5xNiHi S9 PCR master mix, 4.5 ul DNA i fix
(1 mg/L) PhJe 18 pl KK, B 4% 45 Wl
PCR Mix A DEA & FUREARE , 4 DEA S 1
AR ETFE 2 BT Bd i ERSUN AR &
TR L, B rERT, A A sSh5E s
AHAE . PCRIEFA Z40[R] 1.2.5. DNA AR
FH K562 ARSI IE R DNAFEA (HIP) .

Injection electrode

Sample chamber /

(c) Assembled chip cartriage

Fig. 1 The structure of the integrated chip cartridge consists of an upper DEA chip (a), lower CAE chip (b), and an

electrode holder with three injection electrodes to connect the two chips in a plastic cartridge (c)

2 g B

2.1 InDelsfi & fiksE R

ARG B A Ve 38 > InDel £/ 5, (FEAHAE R
W), AN KE<I8 bp, MAM, HhN14Y-
STR Z& [H 2 (DYS439) Fll Amelogenin £ 51 &
JE, DA Bh A HREAS A PRSI EIRT . a2 3 Fis, Br
A 1 15 HB ST A Hardy-Weinberg V-1, P {E 75 BBl Ry
0.147~1, FrANLSATFESTA (7 <02) . FH
70 [ 0.085~0.572, A — {7 5 1) A5 v 5k R A3 R 6 R

PIHER RAARR 28 5%, Horpr 94 i X AR
B CHPI S SRR I/ AT L B AR I/ AR A
FEMLEA R 0, 05) 5 1478 7] FHVE X 3 4
AR RIS 5 7E AR /2R S0 RE LA R R U /45 3T
NHEREATRRA 6,08 5 15 A7 X 43 RICH B
(B 3 S 57 o577 A IR TR DL S 2 S/ 9 N T
[ B # KA 0,(6) . PSDAELERKI AT 8 3.75,
A A T 39MA 4.37, TFE AR MR A A
h4.72.
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Table 2 Information of the 38 InDels
rs number Position (bp) Chromosome Insertion (+) /Deletion (-) »  Expected amplicon length Tag number
rs3054057 86010537 15 -/TGTT 53.39-57.24 F1
15112634351 35701898 22 -/GAGTG 65.51-71.07 F2
rs1160852 137345857 6 -/AA 84.3-86.98 F3
rs145415095 50955581 18 CT/- 99.89-101.94 F4
1s2308036 65207011 15 -/CC 113.06-115 F5
rs10656283 82545540 5 -/AATC/AGTC 156.44-160.53 F6
1s35851958 61190685 8 -/GTGA/TTGA 168.38-172.43 F7
1s2308101 51245594 20 TA/- 175.29-177.23 F8
rs16416 25365169 15 ACAG/- 180.87-184.8 F9
rs1610878 58763163 16 CTGT/- 194.72-197.9 F10
rs140847 12617324 9 AACG/- 58.18-62.56 HI
rs143825911 170720014 6 AAATGGC/- 64.79-72.18 H2
rs72173922 84924926 12 AT/- 79.85-81.92 H3
1s5900168 118346559 9 AT/- 88.32-90.29 H4
1s34921138 123774810 4 CTC/- 96.7-99.89 H5
rs111759013 25278464 20 -/GCGGG/GTGGG 108.97-114 H6
1s5877023 67176759 6 -/TCCAATAG/TCCCATAG 132.1-140.29 H7
1s35633537 7814342 5 GAG/- 147.8-150.83 HS
rs548753180 84476378 6 -/ATGG 161.91-166.04 HY
rs17879936 95047150 7 -/ACAATGCTTAC 183.97-195.12 HI0
1s3045215 234740917 1 -/AGTTATAAT 58.93-67.64 T1
rs34122827 63778777 13 ACTT/- 70.79-74.53 72
rs16715 61393657 17 -/AAGCTC 79-85 73
1s5789229 1668636 11 -/TTTC 95.52-99.31 T4
1s74748892 128317272 5 -/TAG 112.19-115.17 75
rs1160953 115626076 5 -/TAGA/GAGA 124.3-128.27 T6
1566850318 11715430 6 CTC/- 146.82-150.12 17
rs68050185 23619105 21 ATTTC/- 155.17-160.22 78
rs112109748 45526063 15 CTCCAAATATAATTT/- 170.2-184.81 79
1s71425754 52868424 15 TG/- 181.71-184.32 T10
1s2307832 55590787 1 -/TT 196.38-198.14 Tl
152308067 127291541 7 -AA 85.63-87.97 R1
rs16711 20082419 17 -/ TAGGAAGAAA 122.2-132.34 R2
rs3071043 8815887 10 AG/ 143.54-145.78 R3
rs3991155 19401861 21 TT/- 161.77-164.04 R4
rs3083306 112712192 3 TCTT/- 165.88-169.69 R5
1s67625332 41359305 14 TA/- 192.88-194.85 R6
151610963 112247083 5 -/TTAGTTAT 199.35-207.35 R7

! The physical location of the InDel marker on the chromosome, the Human Genome Database version is GRCh37.p13;

grams, the short allele is designated as

w9

and the long allele is designated as

w, »
+ .

2 In the electrophero-
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Table 3 The P value for HWE, F, value, 5,, and PSD values of the 38—plex InDels

d, value Population-specific divergence (PSD) ]
Rs number HWE (> . Ancestry-specific
EAS/EUR EAS/AFR EUR/AFR EAS EUR AFR
rs2308036 0.637 0.604 0.451 0.153 0.195 0.102 0.016 0.264 EAS
rs1610878 0.6 0.376 0.526 0.15 0.147 0.006 0.084 0.202 EAS
rs140847 0.989 0.586 0.47 0.116 0.201 0.095 0.025 0.269 EAS
rs17879936 0.147 0.337 0.245 0.092 0.065 0.028 0.005 0.085 EAS
rs3045215 0.386 0.522 0.619 0.097 0.244 0.027 0.11 0.323 EAS
rs34122827 0.591 0.448 0.273 0.175 0.151 0.072 0.002 0.176 EAS
rs2308067 0.84 0.368 0.679 0.311 0.215 0 0.25 0.355 EAS
574748892 0.997 0.53 0.549 0.019 0.262 0.069 0.105 0.368 EAS
rs143825911 0.939 0.695 0.823 0.128 0.455 0.051 0.216 0.565 EAS
rs111759013 0.973 0.487 0.653 0.166 0.269 0.013 0.119 0.309 EAS
rs5789229 0.922 0.352 0.367 0.015 0.104 0.017 0.026 0.117 EAS
rs68050185 0.476 0.346 0.449 0.103 0.115 0.007 0.053 0.147 EAS
rs3991155 0.972 0.475 0.477 0.002 0.168 0.033 0.039 0.205 EAS
rs548753180 0.707 0.311 0.351 0.04 0.093 0.015 0.038 0.135 EAS
rs3054057 0.869 0.471 0.013 0.484 0.08 0.247 0.105 0.358 EUR
rs16711 0.999 0.423 0.006 0.417 0.08 0.206 0.075 0.302 EUR
rs10656283 0.77 0.582 0.088 0.494 0.078 0.202 0.029 0.267 EUR
rs66850318 0.635 0.57 0 0.57 0.048 0.235 0.057 0.285 EUR
rs112109748 0.965 0.471 0.002 0.473 0.037 0.159 0.043 0.212 EUR
rs16416 0.553 0.388 0.029 0.359 0.029 0.198 0.02 0.137 EUR
rs1160953 0.855 0.289 0.21 0.499 0 0.113 0.094 0.176 EUR
rs2308101 0.984 0.356 0.096 0.452 0.011 0.13 0.071 0.189 EUR
rs145415095 0.763 0.319 0.056 0.375 0.011 0.092 0.04 0.132 EUR
rs72173922 0.632 0.417 0.036 0.453 0.021 0.135 0.04 0.168 EUR
rs5900168 0.958 0.402 0.015 0.417 0.028 0.129 0.043 0.188 EUR
rs3071043 0.813 0.438 0.064 0.502 0.026 0.174 0.076 0.248 EUR
rs71425754 0.778 0.679 0.081 0.598 0.114 0.301 0.053 0.387 EUR
rs3083306 0.503 0.4 0.183 0.583 0.005 0.176 0.113 0.244 EUR
rs67625332 0.712 0.428 0.029 0.457 0.026 0.141 0.046 0.192 EUR
rs1160852 0.16 0.008 0.692 0.684 0.212 0.182 0.446 0.572 AFR
rs2307832 0.53 0.148 0.685 0.537 0.173 0.038 0.276 0.383 AFR
rs1610963 0.61 0.121 0.624 0.503 0.112 0.033 0.285 0.321 AFR
rs34921138 0.983 0.185 0.803 0.618 0.215 0.044 0.383 0.488 AFR
rs35633537 0.856 0.01 0.511 0.501 0.151 0.119 0.286 0.385 AFR
rs112634351 0.739 0.146 0.409 0.555 0.017 0.094 0.183 0.234 AFR
r$35851958 0.988 0.049 0.394 0.345 0.041 0.019 0.112 0.146 AFR
rs16715 0.977 0.234 0.832 0.598 0.257 0.032 0.382 0.503 AFR
rs5877023 0.964 0.248 0.775 0.527 0.261 0.021 0.308 0.445 AFR
Cumulative values 4.717 3.751 4.649
2.2 InDelfi RAGHIABHTMEER 3 AR HER, BRI AHE (ACB. ESN,

JEF 1000Genomes H1 16 1MREAR 1 607 3REA)  MAG. LWK, MSLAIYRI, FAU/H#EE091). %
LR RVECHE , XPAS SCHi e (%) 38 > InDel fi A5 47 W ABf (CDX. CHB. CHS. JPT f1KHV, Tk
STRUCTURE 73 #1 f1 PCA 73 #r, DAPFARILIX 734k 434t 0.98) . BRI ARE (CEU. FIN. GBR. IBS
HROERME 2R, MK=30, 16 ABEHERE  FMTSI, ERSHELE0.96) .
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East asian ————

N

GBR IBS TSI CDX CHB CHS JPT KHV

Fig. 2 Analysis of 38—plex InDels in the 16 population from 1000Genomes using STRUCTURE (K=3, Iteration=15)

K Rv3.2.3 56 F B R 55 47 3 R B R X
1000Genomes A4 7 T 16 S ABE 04T £ 8540 M7
(E13) . 164> ABE R I i 3453, AR
A#f (ACB. ESN, MAG. LWK. MSL #lYRI) .

Observations (axes PC1 and PC2: 96.8%)

YRI
MSLe ESN
5.0k LWK'sGWD
ACB
2.5¢
S
N
g Region
~ a: AFR
© 00r 2: EAS
a: EUR
,CHS
— 2.5 DX KHV
15 CHB
TSIe
Fin 1BSCEY
GBR®
1 1 1 1
-6 -3 0 3

PCI (49.6%)

Fig.3 Principal component analysis of 16 populations

based on allele frequencies of 38—plex InDels

R AHBE (CDX, CHB, CHS, JPT f1KHV) DA
KBk AFE (CEU. FIN., GBR, IBSHITSI) .
23 MR ABRIR LR

K F A #HE 11 38-plex InDels & SR IK R,
WS A NHER 779 e AEAS, E4R4H 29 580 /) Indels
PSS A R R 99.9%, & 4 Sk Hodr 1 47y
REEARM D TE, WL RS2, [FFh A
()7 s ) g s B4 1 R

FTF 1000Genomes H 16 4~ ABEIY 25107 35 557
FEPRAA, THARRIAE AR AR REATLUC B AL 32 A0 2L
SR, BE AR  ILERER IR HEA THEWT, AFA
NFEBR T VANEEASR IS T IO AHE , ASHEBR SR I T
RPN AHESS , FARA ARSI AR AHE; CAU
NBE R IT A RN A HE s THC BT A >4
AR AR HUX ARERAG 5 A SRIR T4
WEAHERR TR TR, 44 ST MR P ASHERS: K 5
TR, HRFEARLPIEARTARE; CUX AR
o, BR T 1A IS AR AN 16 1 FEAS 9 A BB
WATESL, HAREAR B E 2R HEBR TR A B
H(F4) .

20190430-INDEL-XHX-63-98_C09_81_2019 | 38indel \ | ] j ]
50 60 80 90 110 E M‘Iﬂo 150 E 160 m” 19 200 210
4000 l 1
2000:
— %é - 2 b
5] i 5] 3] B HH
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IEI -
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ol A
[ g 3] ] H
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i A % 14 |
H 2] HE 5] H 4] H
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IEI o] 1 =] EJm] =]
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Al - 1 i 1
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Fig.4 Electropherogram of a 38—plex InDels profile obtained from a testing DNA sample
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Table 4 The inferred ancestry components and the accuracy of sample assignment for five test populations

Accuracy of sample assignment (%)

The distribution of three ancestry components

Population Sample size

AFR EUR EAS inclusive EAS EUR AFR
AFA 90 98.89% 1.11% 0.037+0.045 0.073+0.103 0.890+0.110
CAU 74 100% 0.018+0.024 0.970+0.029 0.013+0.013
THC 56 100% 0.980+0.0199 0.013+0.017 0.008+0.008
HUX 333 97.30% 2.70% 0.934+0.078 0.045+0.071 0.021+0.031
CUX 226 7.08% 4.87% 88.05% 0.490+0.216 0.481+0.218 0.029+0.044
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Fig. 5 Analysis of 38—plex InDels in the 21 population using STRUCTURE
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Fig. 8 Electropherograms from the sensitivity study of 9948 standard human genomic DNA
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Table 5 Statistic of sample assignment for 215 direct am-

plification samples”

Accuracy of match

Sample probability (%)
Sample type Population .
size EAS-
AFR EUR EAS
EUR
Nigeria in African 3 100
European 6 100
blood sample
Han-Chinese 127 100
Xinjiang in China 24 100
saliva sample Southern Chinese Han 55 100

! Three saliva samples that failed to provide results of direct PCR

were not included in the table.
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Fig. 9 Electropherograms obtained for K562 and HJP samples (markers are identified by tag number)
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A Single—tube Direct Amplification 38—plex Ancestry Informative InDels Assay
and Its Integration With a Microfluidic System”

HAN Jun-Ping"?, ZHAO Lei"”, WANG Qing-Guo”, JIANG Li", XIE He-Xin", ZHUANG Bin?,
ZHAO Li-Jian”, LI Tang-Song”, WU Jin”, LI Cai-Xia""™"

(VKey Laboratory of Forensic Genetics, Beijing Engineering Research Center of Crime Scene Evidence Examination,
National Engineering Laboratory for Forensic Science, Institute of Forensic Science, Beijing 100038, China;
DTechnology Department of Chaoyang Sub—bureau, Beijing Public Security Bureau, Beijing, 100025, China;

3Shandong First Medical University, Jinan 250000, China;
DBeijing CapitalBio Technology Lid. Co., Beijing 101111, China)

Abstract In this paper, 38 ancestry informative insertion-deletion (InDel) polymorphism markers, with allele
frequency differences between three major continental population groups (East Asian, European, and African)
were selected from the related literatures and dbSNP database. The Amelogenin locus and a Y chromosomal STR
(DYS439) locus were integrated to aid in the sex determination of an unknown sample. All markers were designed
and amplified in a single-tube and performed direct amplification assay based on the PCR-CE technology for
inferring ancestry of three continental populations. This assay was integrated with a microfluidic system for
automatic amplification and InDel genotyping using DNA samples in 1.7 h. The genotypes of 1 607 individuals
obtained from the 1000Genomes Phase III panel were used to assess the differentiation capacity of this 38-plex
InDels assay. Then, this assay was validated by sensitivity, genotyping accuracy, and direct PCR ability. 779
samples from 5 populations and 215 direct amplification from saliva and blood samples were genotyped by this
assay, then using the structure cluster analysis and principal component analysis to infer ancestral origins and
evaluate the accuracy of the system. The results indicate that the 38-plex InDels assay can provide an accurate
genotyping, with a sensitivity of 157 pg, and enable the direct amplification of DNA from saliva and blood on
filter paper without sample purification. In addition, this assay is sufficient to distinguish between three
continental populations and the admixture of Eurasian populations, and also accurately infer the ancestry origins
of testing DNA samples. The integration of cell lysis into the microfluidic system is possible to yield 'sample-in-

profile-out' results of InDel genotyping in 2 h.

Key words forensic biological evidence, insertion-deletion polymorphisms, ancestry informative markers,
microfluidic chip
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