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ol AAY A7 E B4 (Next generation sequencing,

NGS)E olgstel MaSA Wel olgHE e Agun

ulfy

(short tandem repeat, STR)S ®A3st1x 3= A|E=E9|
AAJTE. NGS  7IW2 7€ EA#HA7YE5(Capillary
electrophoresis, CE) A1 Hof H|3] w2 AJ7F ol &2
F7IME BRE AP 5 Advs ARl TIWete] o
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ta A ks
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A0 Ego wAl HASA ARe GEE

EO{'

olgst HAHE A 2 dAFdAE 18719 ZAA
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Penta D, Penta E, Amelogenin)E thAe =2 NGS #H|7}
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2.DNA = % B

7h el AR a3 AT

BaE A85EE QIAamp® DNA Mini Kit (Qiagen, Hilden,
Germany)< ©l&ste] A FARS] A Aol uwig} DNAE F=383lth
FZ% DNA A%+ NanoDrop 1000 spectrophotometer (Thermo.
Fisher scientific, Waltham, MA, USA)E ©] &3l A& 543 F

-20C W% R#sen).

g 9 I3 EE 9A EFAE 2800M (Promega), <143
FETAE 9947A (Promega)s ARESI3laL, AE3 nlg= 9+
AN#7E Adaa Quantifiler® Duo DNA Quantification Kit (Applied

Biosystems)E& ©]-&3sto] AZFstal P A5 &3he H|&o] 1:1,

1:3, 1:6, 1:9 7} B=5 A xe & -20T Yo Zasioich



3. A A STR FA A AA

AA HIsh dgeA STR 4 A& 71EZ 9 AEEH= AF
Z  AmpF(STR Identifiler® Kit (Applied Biosystems)$}
PowerPlex16® System (Promega)ollA A1+ STRS NGS #4]
oz 33t o] EX| A= D5S818, TPOX, D18S51, D3S1358,
D75820, D21511, THO1, vWA, D16S539, CSF1PO, D8S1179,
D13S317, FGA9] 137] CODIS STRS »x3§3}o] D2S1338, D19S433,
Penta D, Penta E 18|31 Amelogenin 2% & 187f¢|t}. dA4-9] o
gl STR - #AAe] didfdAte]l ozt HH=  STRBase

(http://www.cstl.nist.gov/biotech/strbase)& 313} t}.

4. Primer A4

187K w41 A EX A RiET 995 TF o7] S TR
AA NS primere STR WHEEQ 9 THEHA &= HYAA STR
FAel 7P <A 8kaL, primer F-2 F-9lol] 1% o] W= @A 7]
t}38] A (single nucleotide polymorphism, SNP)o| &A]3l# Z== A
Attt zbzke] primerEs AASH7] 8l ZF FAdAke] tigk DNA 9
719 A H = UCSC genome browser (http://genome. ucsc.edu/)ol

A RS £ gl gk primere] A A= UCSC genome

_10_



LA

browser®l| A =54 A7 AR5 Primer3
(http://frodo.wi.mit.edu/primer3/input.htm)l] % -&3}o] A A s} c}.

Melting temperature (T,)&= 57TColA 63T Alojo]HA HA Zre
60T, primer® #A = 7]+ 18 nucleotide bases, primer®] GC%

= 20914 80¢] HEF &t Primer3 Aol WdH 2718 M2

TSR THE D).

_11_



3 1. PCR primer sequences and final concentrations of optimized

multiplex PCR system

. . s s Conc.

Locus Primer Primer Sequences (5’ to 3°) (M)
D195433 F053 GCAAAAAGCTATAATTGTACCAC 0.60
R203 AAAAATCTTCTCTCTTTCTTCCTCTC 0.60
S818 F160 TGATTTTCCTCTTTGGTATCCTT 0.55
D558l R280 CAACATTTGTATCTTTATCTGTATCCT 0.55
F203 GGCGACTGAGCAAGACTCA 1.00
Penta £ R284m TGGGTTATTAATTGAGAAAACTCCTT 1.00
CSF1PO F191 ACTGCCTTCATAGATAGAAGAT 0.50
R295 GACCCTGTTCTAAGTACTTCCT 0.50
$820 F171 TGATAGAACACTTGTCATAGTTTAGAA 0.50
b7 R344 CTCATTGACAGAATTGCACCA 0.50
F197 GTTGCTACTATTTCTTTTCTTTTTCTC 0.90
D18551 R340 CTGAGTGACAAATTGAGACCTTG 0.90
TPOX F112 CAGAACAGGCACTTAGGGAAC 0.35
R198 TCCTTGTCAGCGTTTATTTGC 0.35
65539 F119 AATACAGACAGACAGACAGGTG 0.45
D165 R225 AGCATGTATCTATCATCCATCTCTG 0.45
F173 TTTTTGTATTTCATGTGTACATTCGT 0.90
D8s1179 R275 GTAGATTATTTTCACTGTGGGGAA 0.90
Amelogenin F181 CCTTTGAAGTGGTACCAGAGCAT 0.80
R262 GCATGCCTAATATTTTCAGGGAATAA 0.80
G F153 AAATAAAATTAGGCATATTTACAAGC 1.00
FGA R293 GCCAGCAAAAAAGAAAGGAA 1.00
F183 TCTAACGCCTATCTGTATTTACAA 0.80
b13s317 R284 AGACAGAAAGATAGATAGATGATTGA 0.80
D251338 F128 TGGAAACAGAAATGGCTTGG 0.80
R273 AGTTATTCAGTAAGTTAAAGGATTGC 0.80
215 F161 AATTCCCCAAGTGAATTGCC 0.70
b21511 R334 GGTAGATAGACTGGATAGATAGACGA 0.70
F153 GCAAGACACCATCTCAAGAAAG 1.00
Penta D R318 TGGTCATAACGATTTTTTTGAGA 1.00
D3S1358 F145 CAGTCCAATCTGGGTGACAG 0.50
R266 ATCAACAGAGGCTTGCATGT 0.50
0 F117 GATTCCCATTGGCCTGTTC 0.50
THol R216 CAGGTCACAGGGAACACAGA 0.50
F096 GAATAATCAGTATGTGACTTGGATTG 1.00
VWA R226 TGATAAATACATAGGATGGATGG 1.00

_12_
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2.5 2] Gold ST*R 10X Buffer (Promega)E F7}8l3th. &% 9]

Z Bue= dad 33 FHFE 25 wt HEE g He &
F Ao FFELAYNE A EFES Veriti® 96-Well
Thermal Cycler (Applied Biosystems)ol] #2Fale], 95Co| A 1187F
WA 713 94Coll A 20%, 59TColA 13 30%, 72T 60x9] %=

Ao= 333 TS F AFHoZ 60ToA 4583 WA

o

H
S A" HHe 28-S YEhs primers ©]l &3t TF A
primer 3 @Gl WEA] @al SFAAE0] st A F

=% golslr] 93k W o R forward & reverse primers &t

= B% primerg ARSI, EARAT9E AFd=TEH A &
%S UehE= HAo %oz AWt NGS A4S 98 =2

HES AT did = dFo] gl YR primerg AFE-SEIT
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6. =EAE AA 9 A% A7 (quality control)

OsTHardinrs & dofxl SFAEY AAs abgAHe
2 ExoSAP-IT® (USB, Cleveland, OH, USA) 10 & Z=X%i& 25
peoll sl 37°Cel A 4523 NEGAIZL -, 80Tl 1523 A 2fateq
12k AT, 1 % AFEE ExoSAP-ITS  AAstax A
(column) A A el QIAquick® PCR purification Kit (Qiagen) AF&-
sto] A zALe] AAIQ R 23 A & F%(Purity)® NanoDrop
1000 spectrophotometer (Thermo. Fisher scientific, Waltham, MA,
&}

— - - ST . ™ .
TEE sk w3 X AR %= Quant-iT PicoGreen®

USA)E ©o]&3te] 260nm¢t 280nme] IgeA FFEE

v

dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA)E o]-&3}o]
260nm ol sk Aol FEede] FRERFH xE=a4S
!

o SEAEe A7) H O EX E9e 2100 Bioanalyzer (Agilent

ul

ol
38

TFetal, TEAECAN SAHE FHEE PR TR FS s

Technologies, Palo Alto, CA, USA)S ]85} th.

_14_



7. NGS &4

dow AR Ae H}AHL MiSeq A4S I3 APATES Fad)

7F. ghel B g (library) A&}

NGS Al 94 ¢k 60 bp ~100 bp dole] EAHANAGRE T4

oX,

H QAR RS ojlE(adaptor)Btil & o2 Z=Z AR EHo A

H AHS golryggta gl golruyy AFe s gasd
AursozHE AAE HA 200 nge AAY ZFZAES o]&sla

TruSeq® Nano DNA Sample Preparation Kit (Illumina)& A}&-3le] A
ZALS] AAIg R golB ] AZE Fa5ISItE de AJRE

AT F A=F 71E Ul x3¢E g5 U4 A (Index) AAHEE © &

_15_



v, A FE glelB el Al 2 AE el (quality control)

offE e} TFAEe] AVIE st sk A7 elelE et

A 7] AARo R FH5IHA T viAg A7]A4E G A H(Size

do
ot

tjo

selection)< AMPure Bead (Beckman Coulter, Brea, CA, USA)9} 4+
g3t9 7] ¥ X3 DNAQ O' GeneRuler  Low Range DNA Ladder
(Thermo. Fisher scientific)& AF&-3}33t}.

2 AN AR EE SFAES] A7]E st of g HE9] A

E(bead)E AHESINS W dolA= DNA A =77} o9 A =
o]

10
i
o
o
2
Y
ik
%
s
k1
f
2
2
e
o

(dimer)?l 100 bp w¥re] 22 A
HE dolBggE d=F st AR folBdYE AF 5
Q& KAPA Library Quantification Kit (KAPA Biosystems, Woburn,
MA, USA)E o]-&3dto] AxALe] AAHE gtolHefe] H&s st

ST,

th NGS W& ol §3 47149 #4

flo

=% gdolrdg = A% groll et 10 pMe] =% 5F 4
T 250 bp¥ % ES 9 =(paired-end read) ¥Ho® S E ).
HY 5 DNA @A R25H 59 dojuey 27, 1:1, 1:3,
1:6, 1:9 EgAIRe Tholeld] 471, F 6719 T JAAA7E 28

_16_



golB &g E A 2 [llumina Miseq Reagent Nano Kit (Illumina)

£ o]&ste] AlFAbel AAl wel EAEAT. 2ga SR EE

o] &% F wWA FAHdAdE t&Fe AHEE IS5 F Us
Mis

iseq Reagent Kit (Illumina)< °]-&3t3 o, sk=2l 10

8. NGSE °] &3 STR thd:d4d 44 2 A5 24

NGS #40lA Bau = e d7I4dE ARE a0 &4
3l7] et FEAD(reference sequence)AFEE A2t
STRbase (http://www.cstl.nist.gov/biotech/strbase)Z5-5 & 2} 7} %]
defxl STR WHFAAe] waael o599 AMIAR B human
genome GRCh37/hgl9 A @ FAE ZF STRe 5 ¥ 37 F=HE A
< (flanking region sequence)dHE FF AT} o5& HIEH O E of
W&k primer 23S F3 FolX NGS gEr A date] HFHol
7heel s STR HEEGS] =W A de] Zdol7F 500 bp ~ 550 bp7}
S5 3HA STR 57 F94- A<, STR w9l G99 A<, STR

37 FHE 9SS 7 gy A2 EHE Microsoft® Excel®d wj=a=
5538 2= 9 NGS A5 42 712402 Warshauer 5°0¢] H

_17_



#3F oA AFRHE STR HEFAAAS A48ty &) s

STRait Razor *=

7} STR G F-dAgel tld coverage #ha FZRAGAH R upz}
AA STR 499 NS 7IAx Je Add 2= 2 Axsict
w3k ZF STR EfFdel] tigk 7 dS ngow g vhngx0]

NGS #4H o= ZAA4Hd STR HEFdAES 7159 CE #4He
o]- &3 STRe| tHFAAFE I vlustr] fato] ddAzm 3 A
52 o2 AmpFISTR Identifiler® Kit (Applied Biosystems) =
PowerPlex® Fusion System (Promega)E ©]-&3&}o] A A2l x| A]oj
et SHEALANNEE F¥T F ABI PRISM® 3130x1 Genetic
Analyzer (Applied Biosystems)E o] -&38}o] F2418}5t). 1 $of ABI
GeneMapper® ID software version 3.7 (Applied Biosystems)& o] &
st ARASANOoR NEAAEAR B At 272 242

of AFdAe A7le St dHFAAE s 2AsA. 1Y

_18_



m. 23

1.NGS ¥4 A45he A2 BETFaLAqNS AA 75

Az 758 dssdasddfwrs AA= 18709 F#2HD5S818,
TPOX, D18S51, D3S1358, D7S820, D21S11, THO1, vWA, D16S539,
CSF1PO, D8S1179, D135317, FGA, D251338, D195433, Penta D,
Penta E, Amelogenin)& SAldll %% 4 %= shte s da
22 © Z(single tube PCR reaction) -/ 891t}

ANA o= PG primerg AHEE MEL s dasdsfure

I =s CE 4oz &RIg 23 70 bp ~ 210 bp 719 &

(28 1). &3 SZAELS [lluminarbe] AAHZ golBv g A&S
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19 1. Capillary electrophoresis of new multiplex PCR system for
NGS analysis. (A) The control male DNA of 2800M, (B) The control
female DNA of 9947A.
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2. NGS ¥4 Az}

7} 2ol Bl Al Ao

(D Hl=(bead)E ©l-&3% =71 & AA =1 2A

re
re
4
2
>
o)
i
il
o,
oo
L
i
B)
o,
[
N
f

2 Helx oz AHA s
21E& #9gshy] 98 SFAE H=9] HES 1110, 10115, 1:1.8,
1:2.0, 1:2.5% A7sto] Ab&eh= Hl= ol wel DNA ladder”F =

7] M2 A AnEs Itk Aabe Zejolaojutol= A

‘I {
rO
ol

(polyacrylamide gel)& ©]-83F 7|95} Bioanalyzergs ©|-&3}o]
Hl = o] AREH| SO wel dye] F7|7F Adgidoz A" AHE

FAstgich. 1 A SFdE A} wEe] wEe] 1:1.0 1 A5-el

2

p

200 bp wIRF A7]e] Ayo] tiy-2 Al wHlew, 1:2.0 & woll=

.

10
2
o

°F 100 bp "R e AHES AMEHoR AAY & JAHH

2).
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19 2. Results of beads ratio for size selection.

(B)

Polyacrylamide gel

sensitivity chip result.
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(2) lumina MiSeq +41-& gholHelg] A= A3}

2o AFtol A AREEE TdA S 3EF DNA 2800M, 9947A, 1¥]al

1:1, 1:3, 1:6, 1:99] vH&=2 =gH Ax59 FTEFAFE2ZHEH Illumina

Aol AAIOIE gfolu g AZE Fefetglon F5E golBrdyE
18] 33} o] Bioanalyzer Aol A4 &eld 4= QlQlt}
A. 2800M B 9947A
4 '(.’T £
gl oL il
C. 1:1 mixture D. 1:3 mixture
-,",'H' £ fi #
i = o] ;
E. 1:1 mixture F. 1:3 mixture

19 3. Electropherogram of constructed libraries for MiSeq

sequencing on 2100 Bioanalyzer with DNA 1000 chip.
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-3

ot

gtojn el FHAAGNA v =] ARG HES TrEA HAS F
7HA ¥ o2 NE 9 49k o] grelnyEE AT 1
d 404 A~DE 1.5X9] H[ER HE=FE ARESSal(set 1), E~HE
1.3Xe] H| &2 H =5 ARg3te] gtelByelE& 53130t Set 19] 2
W2 oHE o]FA R A= oF 120~130 bp A7) AHo] <l
HAIL, set 29 A= ofHE o|FAl= FAEIA AAVE HAoW
set 19 A¥e} vlwallS W Bl F 200 bp <A <] #holr e e}

23 4 99182 Bioanalyzer AolA &lak3ch.
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A. 1:1 mixture

B 1:3 mixture

’%' i,
] Jt' 4
||' o J}l ”f L
I wff | e e AR T ‘__ w-ﬂl il i f?’-ﬂ’fm&o .:'.J_
G. 1:6 mixture H. 1:9 mixture
f
£ -';'. id
itis [+
i" :rif ; # ’%"T'* #
il & | RS IT
Y ) __l S wwene ol L o dl || Piravswars o\

19 4. Electropherogram of constructed libraries for MiSeq

sequencing on 2100 Bioanalyzer with high sensitivity chip. (A)~(D)

The results of libraries with 1.5X bead ratio, (E)~(H) the results of

libraries with 1.3X beads ratio.
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v

L. NGS HH|E o] &3 AJEA 23}

A2bE golBegle] & #H(paired-end)S 250 bp¥ ¢l& Hoj=

d=(paired-end) ABAS 33 F 53 Fl= = F 593,795
ARk T gz Fiel welt ArE BFS 43 2800M

92,94571, 9947A% 90,9737H, 1:1 EFA & 1156177, 1:3 =344
B 9597770, 1:6 EFAEE 97,9310, 28a 1:9% EFE Alm
= 10035271 = AX AR 7he] 2= = WA aEo ARl &

o) i=]
FARE B

rot
ihd
i)
=2
2
H
J

4
c

of
Au)
[
by
rr
—
\\)
\)
w
w
w
S
w
=
f

SEQAA FRol whet BHS Avbs E 25 2R AR 8

Ao AR el Be S ad n2d) AYeS FAAstdn. E@

il

£l
i
%

a2 Fe] coverage AHEE 9EA
of z}7}e]l STR Wi g-frdxte] weh 4
g = Fo] E¥XE # 39 YeERfATL

Amelogenin

Bowtie 2 program< ©| &3}

3% 2. The number of reads for each sample from MiSeq data

Experimental setup Sample Total reads
1:1 mixture 1,946,076
1:3 mixture 1,595,523
Set 1
1:6 mixture 1,654,670
1:9 mixture 1,530,605
1:1 mixture 1,490,212
1:3 mixture 1,252,182
Set 2
1:6 mixture 1,403,656
1:9 mixture 1,358,935
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3% 3. Read counts of 17 STR loci in each sample by Bowtie 2

program
SR A0 ek mi%(.tt re mi%(.ti re mi%('tire mi%(.t% re
D2S1338 15582 8719 21407 13274 15895 14403
D3S1358 11169 7463 12620 9967 8233 7261
D5S818 1009 2624 1317 2733 1646 1462
D7S820 18411 16996 20183 18011 19504 18753
D8S1179 3182 3459 4036 3728 3601 3366
D13S317 1193 3101 2049 2142 2018 1647
D16S539 2858 3393 3503 3198 2655 2612
D18S51 7811 10896 9941 9458 10145 11202
D19S433 19211 14865 22946 15391 19053 19255
D21S11 18480 18343 24119 17555 16982 18621
CSF1PO 874 1772 1322 1639 1315 1040
FGA 6319 11412 8650 9128 9776 10121
Penta D 6256 7847 8104 8968 8631 9424
Penta E 8487 5306 11736 8809 6339 7056
THO1 1844 1216 1730 2169 1494 1421
TPOX 2312 1227 1914 2220 1323 1170
VWA 4711 5262 5136 4966 4775 4759
Amelogenin 449 408 374 604 313 304

AfHow HE FHA Feld HA 300 o /HFE Hd 20,000
o 7ie] Bl=& Itk D2S1338, D7S820, D19S433, D21S1190A4
g= $7F 9F 10,0007 oo ® #& coverageE Lo
D5S818, D13S317, D16S539, CSF1PO, THO1, TPOX oA+
100070~2000 o 7H& Ml % F& coverage #HS 7HA= ZHo=w
UEFG I Amelogening ¢ 50070% m XA Eal= Aoz FelE
th ¥ 39 A3E F3ad primer 3% A 2 wA, 18 o

By 5 JA Foll AFEE Hl=9] v &S 1.0XelA 1.3X, 1.5X=E
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WHAT 7 osetd] golBYElE FHSIa(aE 4) 2 A3 19 5o

==

Ao} zro] D13S317, CSF1POE Al9star vlwd 18 9] g=Z
selek g AATE HEFE set 1, 29 A3 F dolBey Ax 3G
A Hl=9] HJEE 1.3XE AFR3E set 29 A7} 1.5XE AFL3H set

19 23R Huz 12 Jug d9eS Fele)

=
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A. 1:1 mixture

1st1:1 12620 1317 20183 4036 2049 3503 9941 [[229467|[24119| 1322 8650 8104 11736 1730 1914 5136 374
—_— = P =—r——

2nd 1:1[185791 227356 131620 155547 176558 60226 145590 130202 225665 143662 44827 66048 121349 157420 307509| 94112 202276

3rd 1:1| 139522 [182085| 87198 97105 146166 43231 131508 118355 125264 28957 72820 114744 72458 92425 76899 131968

D251338 D3S1358 D5S818 D7S820 DBS1179 D13S317 D16S539 DI18S51 D19S433 D21S11 CSFIPO  FGA  Penta D Penta E THOL  TPOX VWA  Amelo

B. 1:3 mixture

1st1:3 | 13274 9967 2733 [18011| 3728 2142 3198 9458 15391 [A7556| 1639 9128 8968 8809 2169 2220 4966 604

2nd 1:3( 143172 116185 158109 146287 41123 114781 160829 [210671| 142875 38646 86713 138315 170618 113299 118309 75854 90132

W = = T e

3rd 1:3 133742 (128325) 73286 96126 119294 33449 104096 123821, 106936 |141197| 29402 81851 120497 [132132] 62774 73387 67499 50709

| I

D251338 D3S1358 DSS818 D7S820 DBS1179 D13S317 D16S539 DI18S51 D19S433 D21S11 CSFIPO  FGA  Penta D Penta € THOL  TPOX VWA  Amelo

C. 1:6 mixture

1st1:6 | 15895 8233 1646 [19504 | 3601 2018 2655 10145 [19053 | 16982 1315 9776 8631 6339 1494 1323 4775 313

2nd 1:6{ 160541 104231 167755 139630 48644 145242 139393 [209303| 140712 44188 85170 125605 124619 137892 [208250] 80352 141189

. = ] D

3rd 1:6 [152276| 134369, 76052 118660 #36263; 57505 131961 [151291| 127272 [148639| 36393 102402 127042 ﬁ 66639 83350 71313 47549

D251338 D3S1358 D5SB18 D7S820 DBS1179 D13S317 D16S539 DI18S51 D18S433 D21S11 CSFIPO  FGA  Penta D Penta £ THOL  TPOX VWA  Amelo

D. 1:9 mixture

1st1:9 | 14403 7261 1462 [AB758| 3366 1647 2612 11202 [19255 |[[A862T| 1040 10121 9424 7056 1421 1170 4759 304

m_ e

2nd 1:9(106021 164935 116588 83819 179346 61977 147780 137770 125091 112717 62362 68404 95114 101299 190032 [241663| 75276 137494

3rd 1:9| 126630 139138 79856 97586 116156 45758 mm 92500 [176258| 35072 99708 115228 101638 64562 64428 78672 43222

D251338 D3S1358 D5S818 D7S820 DBS1179 D13S317 D16S539 DI18S51 D19S433 D21S11 CSFIPO  FGA  Penta D Penta E  THOL  TPOX VW Amelo

1% 5. Read counts from NGS data on MiSeq. Blue bars = the data
from library followed by protocol (1.0X), Green bars = the data
from the library with 1.5X beads ratio, Orange bars = the data

from the library with 1.3X beads ratio.
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a2 9] coverage (allele

=2 wjAEy] Y8 dwrzox STR BAXo] Algsts 7|5+ el
15%% A -8€3}°%] main allele®] coverage #ol Hl&] 15% AA 4

B AR stutter2 AT BAS S5
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(1) 2800M (D351358) (2) 9947A (D351358)

50 16.53 48.59
as o 4428 - 4548
3 0 o
g g
2 2
2 =0 8
a a
@ 35 =
= =
T - kel
Zs =
5 5
2 10 2
& 6.07 &
: L]
a — —
13 14 15 16 17 18 19
STR allele STR allele
(3) 1:1 mixture (D351358) (4) 1:2 mixture (D351358)
a0 0
" . 358 35p9
& 5272 3184 e
o L.
e @ 30
o @
2 5 2
G s G 25
2 20 2 20
: 16.06 -
o1 1293 w 15 Lo l281
g' : 1105
R - g 10
& . 47 R
g — - J— o - |
12 14 15 16 17 18 19 12 14 15 16 17 18 13

5TR allele STR allele

1% 6. Example of STR allele determination from acquired
coverage data. STR alleles determined by applying a coverage
threshold of 20% for the single source, 10% for the 1:1, 1:3, 1:6

mixtures, and 5% for the 1:9 mixture.
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18719 BAAE Yoz NGS BAS 3
A 71 g 2 ostutter 715 #HS H &3}

d= AAsda 1 A3 2800MF 9947

2R 29E AR AAE 405 AASAHE 4.

3# 4. Result of STR genotyping in two single sources from NGS data

T 280Mm
| | |

D251338 22,25 22,25 19, 23 19,23

D5S818

[y
N
[N
N
[N
[N
[y
[N

D8S1179 14, 15 14, 15 13

[EEN
w

D16S539 9,13 9,13 11,12 11,12

D195433 13,14 13,14 14,15 14,15

CSF1PO

[N
S
[N
N

10, 12 10, 12

Penta D 12,13 12,13 12

[EEN
N

THO1

o
©
w
o
©
w
0
©
w
oy
©
w

VWA 16, 19 16, 19 17,18 17,18
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(allele drop-in¥ Ay} 22 A37t YeEltow, o= 4 71& #
A 5%HT H2 11.4%= YERRTE D16S539914+= dlg-/7A 10
°] 6.68%, D18S51 = HHFHAF 147 6.67%= HEFRLIL, o]+=
247re] AA Y HF-AAE (true allele)®} vl ale] stutterd] 715 #t

°l 15%7} °F7F A& coverage #S 7FA AL UATHE 5).
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3% 5. Result of STR genotyping in various ranges of mixed ratio

samples from NGS data

NGS data
STRs CE result - - - -
1:1 mixture 1:3 mixture 1:6 mixture 1:9 mixture

D251338  19,22,23,25 19, 22, 23,25 19,22,23,25  19,22,23,25 19, 22, 23,25
D3S1358 14, 15,17, 18 14,15,17,18 14,15,17,18  14,15,17,18  14,15,17,18
D55818 11,12 11,12 11,12 11,12 11,12
D75820 8,10, 11 8,10,11 8,10,11 8,10,11 8,10, 11
D8S1179 13,14, 15 13,14, 15 12,13,14,15  12,13,14,15  [12,13,14,15
D13s317 9,11 9,11 9,11 9,11 9,11
D16S539  9,11,12,13 9,11,12,13 9,11,12,13 9,11,12,13  9,[10, 11, 12,13
D18S51 15, 16, 18, 19 15, 16, 18, 19 15,16,18,19 15, (16),18,19 [14] 15,16, 18,19
D195433 13,14, 15 13,14, 15 13,14, 15 13,14, 15 13,14, 15
D21s11 29,30, 31.2 29,30,31.2 29,30,31.2 29,30,31.2 29,30, 31.2
CSF1PO 10,12 10,12 10,12 10,12 10,12

FGA 20, 23, 24 20, 23, 24 20, 23, 24 20, 23, 24 20, 23, 24
Penta D 12,13 12,13 12,13 12,13 12,13
Penta E 7,12,13, 14 7,12,13,14 7,12,13,14 7,12,13,14 7,12,13, 14

THO1 6,8,9.3 6,8,9.3 6,8,9.3 6,8,9.3 6,8,9.3
TPOX 8,11 8,11 8,11 8,11 8,11

VWA 16,17, 18,19 16, 17,18, 19 16,17,18,19  16,17,18,19  16,17,18,19

Coverage threshold: 10% of total coverage for 1:1, 1:3, and 1:1 mixtures
and 5% of total coverage for 1:9 mixture. Allele in parenthesis presents
true allele with coverage value less than 10% coverage threshold.
Alleles in square present unexpected allele more than coverage

threshold.
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HHFAAG L B2 rhdes d8
F-o] 7144 WolE IGV program=
o] &3l st Aoz B Ao AMEH EF DNA A
gle A7IME Wol= D2S1338,

D8S1179, D21S11, D3S1358, vWAA #&Z Q). o]&5S AlZtd

AL

Az G vt A7)d Wels a1 7~119] el U= e

D2S13382] Y/ dA="“[TGCC];[TTCCI,-10[GTCCI[TTCC],”
o] FxZ 7FA =, NGS ¥4 Az =RE D2S1338¢] 9714 W
o]Z XA A3} 9947A AR 19 EFAAS] HkEdEe HE F
[GTCCJlelA guanine©] thyminel & ®HIHJTHZH 7). o] w==

A AHEA B AE(NCBDO =25 SNP AR (http://www.ncbi.nlm.nih

.gov/projects/SNP/)oll 5] dbSNP build 138 A8 E E& &<l 23

G>T (rs9678338) SNPY S Zelsl9it).
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D251338

Samples Allelas Saguanceas
Refersnce 23 TGCCTGCCTECCTECCTGCCTGOCTGOCT
{hgl3) GTCCTTCCTTCC

22
2600M

25

13
9947A

23 TGCCTGCCTGCCIGCCTGCCTGLCTGCCTTCCT ICCT TCCT ICCT TCCTTCCTTCCT TCCTTCCTTCCTITCCTIICCTTCC
GTCCTTCCTTCC

1% 7. DNA sequences of D251338 alleles in the two control DNA
samples. Primer sequences and flanking region were deleted in this
figure. Blue letters=core repeat unit and orange letters = repeat
units, pink letters = non-repeat region, red letters with bold =

observed sequence variation.

PRE7EA R D3S1358 A Ab #ef AellM= 7 ks DNA Als
o ddFAAES BF e olgdqAeldt [TCTAIZ dehdo}
shs SANEE o] obd [TCTG] #7F Aol v A& As}S]
o FHeAoR w7 47149 Wele A4 A>G (rs77577482),

A>G (rs71325067) SNP ¢S el th(1d 8).
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D3S51358

Samples Alleles Sequences
Rafarencs
(hg19) 16 TCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
17 TCTATCIGT TG T CTETCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
2800M
18 TCTAT TG T I T GT CTAT CTAT CT AT CTAT CTAT CTATCTATCTATCTATCTATCTATCTATCTATCTA
14 TCTATCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
9947A
15 TCTATCTGT TG CTAT CTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

13 8. DNA sequences of D3S1358 alleles in the two control DNA

samples.

D8S1179¢] <714 E  Wols AR Ay TGRS =
[TCTAIZ FxAda A4E s9S v 13 dEg-FdxAd3 15 iy
FAAFAA VI E WHolrE FlEATH (L 9). NCBI®| dbSNP
1389 ARE S8 13 A3 747 = E G>A (rs13265375),
A>G (rs111782616) SNP §l& #Qlskoitt. o] 5B D8S1179 4
b #ol e 9947A oA ¥ DNA AlBE 13, 1302 TdHTA
(homozygote)& 7HA RHETHS] U F-o] 9A7|Ad Wol& xAMg 4
I 747 v ol YA AHheterozygote)?l 13a, 13b= 723 F 2

AT,
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D8S1179

Samples Alleles Sequences
Re(fherf;ce 13 TCTATCTETCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
g
14 TCTATCTETCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
2800M
15 TCTATCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
13a TCTATCTETCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
99472
13b TCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

1% 9. DNA sequences of D8S1179 alleles in the two control DNA

samples.

D21S11 f+3A ol A= F Als
FogE] FAYE G9jel [TCTAl FolA o]zt Felx i),
2800M AlsollA+= 31.2, 9947A°] 30 tlHF-dAtelA Al 7ol 9714
dRiol7h FAHT o]EL 77 G>A (rs13049099), G>A
(rs200026324), A>G (rs13050496) SNPY S Felatdth (23 10).

T oolgdARE VY] FEMd

g

D21S11

Samples Alleles Sequences
Refersnce 29 TCTATCTATCTATCTATCTGTCTGTCTGTCTGTCTGTCTGTCTATCTATCTA
{hgl9) TATCTATCTATCTATCATCTATCTATCCATATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
29 TCTATCTATCTATCTAT CTGTCTGTCTGTCTGTICTGICTGTCTATCTATCTA
TATCTATCTATCTATCATCTATCTATCCATATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
2800M
31.2 TCTATCTATCTATCTATCTATCTGTCTGTCTGTCTGTCTGTCTGTCTATCTATCTA
° TATCTATCTATCTAT CATCTATCTAT CCATATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATATCTA
a0 TCTATCTATCTATCTATCTATCTATCTGTCTETCTGTCTGTCTETCTATCTATCTA
AT CTATCT AT CTAT CATCTATC TAT CCATATCTATCTATC TATC TATC TATCTATCTATCTATCTATCTATCTA
9947n
29 TCTATCTATCTATCTATCTGTCTGTCTGTCTGTCTGTCTGTCTATCTATCTA

TATCTATCTATCTATCATCTATCTATCCATATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA

19 10. DNA sequences of D21S11 alleles in the two control DNA

samples.
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VWA A FzAde] mEELx= “[TCTAIITCTG];[TCTA];

rr

[TCCAIITCTAL"S 7k =4, 2800MF 9947A9] A7|A 49w

o= F WHA HvkEG el [TCTGIoA mFA]2}t guanine®] adenine®.
=

|19

= uhlEA nhA F oA wEEslel [TCTGIe] W) gepx
AAD AR o] Wol 1d 114 H& A ANon BAH
adenine®. 2 TAUZE Z+7ZF G>A (rs216871), A>G (rs112652289)

SNP & #Hlstiv (1 11).

vWA

Samples Alleles Sequences
Reference 17 TCTATCTETCTETCTETCTGTCTETCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
(hgl9) TCCATCTA
16 TCTATCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
TCCATCTA
2800M
19 TCT AT CT T CT T T ET T T CT AT CT AT CT AT CT AT CTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
TCCATCTA
17+ TCTATCT T CTIGI CTGTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
TCCATCTA
99478
i8 TCTAT TG TG TG T T GTC T AT CT AT CTAT CTAT CTAT CTATCTATCTAT CTATCTATCTATCTATCTA
TCCATCTA

19 11. DNA sequences of vWA alleles in two control DNA

samples.
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el 108S e ®E STR 99 el vebd & e d714 4
Ed

Hels #eletazt NGS #Atsg d3low

>
kil
e

Ni
b~
oo
L
o
o))
oo
=
1o

YdERE H 111,09671¢9 =& do] Axpzxoz 109 thafA]

AE 7 Aol YA A HA maH nE Fo] 4RI

3% 6. Read counts of 17 STR loci in 10 Koreans by Bowtie 2 program

STRs Korean Korean Korean Korean Korean Korean Korean Korean Korean Korean
01 02 03 04 05 06 07 08 09 10
D2S1338 9876 9362 11205 7789 10406 7754 13320 15533 8790 10092
D3S1358 15442 15296 13535 12032 14588 12588 10366 13576 11036 12550
D5S818 8303 9366 7020 8739 10025 7399 7567 6433 6591 7189
D7S820 9127 7823 10206 8779 11699 8832 10356 9528 6670 6840
D8S1179 8427 11076 8410 7932 10353 8225 6540 8538 7885 9926
D13S317 5257 5133 6005 6246 6915 6740 4311 5892 3794 6040
D16S539 11919 13650 9877 11787 13725 12353 10595 12135 9812 10180
D18S51 7686 8749 21026 20642 10901 6182 8350 6798 17798 8262
D19S433 8499 8674 8346 6148 8754 6282 7238 11823 8937 7468
D21S11 8566 11078 4818 7008 7264 8608 7242 4129 7105 1202
CSF1PO 3138 2802 3620 3854 3925 3404 4383 4857 2986 3921
FGA 5174 5937 6020 7704 5461 3909 6226 4036 4787 4420
Penta D 6538 7628 8659 9959 8378 6911 6859 10523 9613 10573
Penta E 3586 7623 6893 9994 6286 7329 4358 6478 11150 11343
THO1 9444 12437 9443 10171 13490 12604 9493 16174 9519 11488
TPOX 12083 14255 11081 11202 17620 15563 13217 17313 12922 15976
VWA 5628 7461 6231 5004 5523 5352 7566 5983 6121 6024
Amelogenin 6748 8388 7152 8074 11754 8046 8370 8361 9888 12014

40 -



3% 7. Result of STR genotyping in 10 Koreans from NGS data

STR Korean 01 Korean 02 Korean 03 Korean 04 Korean 05
° CE NGS CE NGS CE NGS CE NGS CE NGS
D2S1338 19, 20 19, 20 20, 23 20, 23 18, 23 18, 23 17 17 17,21 17,21
D3S1358 16, 17 16, 17 15, 17 15, 17 14,15 14,15 16 16 15, 16 15, 16
D5S818 9,12 9,12 10, 13 10, 13 11,12 11,12 11,12 11,12 9,13 9,13
D7S820 11,12 11,12 9,11 9,11 8, 12 8,12 10, 13 10, 13 12 12
D8S1179 14,15 14, 15 10, 14 10, 14 15 15 10, 13 10, 13 13 13
D13S317 10, 12 10, 12 8,9 8,9 8, 12 8,12 8,10 8,10 11,12 11,12
D16S539 9 9 12 12 9,11 9,11 11,12 11,12 9,12 9,12
D18s51 15, 17 15, 17 16, 18 16, 18 15, 23 15, 23 15, 24 15,24 13,18 13,18
D19S433 14,15.2 14,152  12.2,13 12.2,13 13,14 13,14 142,15 142,15 13,152 13,15.2
D21S11 29,322 29,322 302,322 302,322 2930 29, 30 29,322 29,322 30, 31 30, 31
CSF1PO 10, 11 10, 11 10, 12 10, 12 11,12 11,12 10, 12 10, 12 12 12
FGA 24 24 23,25 23,25 20, 22 20, 22 24 24 22,24 22,24
Penta D 9 9 9 9 9,10 9,10 9 9 11 11
Penta E 11,12 11,12 10, 15 10, 15 11, 15 11, 15 18, 22 18, 22 14, 15 14, 15
THO1 7,9 7,9 9.3,10 9.3,10 9,10 9,10 7 7 7,9 7,9
TPOX 8,12 8,12 8 8 11 11 8 8 9,11 9,11
VWA 17,18 17,18 17,19 17,19 17,18 17,18 17 17 18 18
Amelogenin X X X X XY XY X X X, Y X, Y
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3% 7. Cont.

STR Korean 06 Korean 07 Korean 08 Korean 09 Korean 10
° CE NGS CE NGS CE NGS CE NGS CE NGS
D2S1338 17,19 17,19 18,24 18, 24 20, 25 20, 25 21,23 21,23 22,24 22,24
D3S1358 15, 16 15, 16 15 15 14, 16 14, 16 15, 17 15, 17 15 15
D5S818 10, 11 10, 11 9,10 9,10 9,13 9,13 9 9 12,13 12,13
D7S820 8,12 8,12 11,12 11,12 8,12 8,12 12,13 12,13 10, 11 10, 11
D8S1179 12,14 12,14 12,15 12,15 14,15 14,15 14,15 14,15 13,14 13,14
D13S317 8,9 8,9 8,13 8,13 8 8 8,10 8,10 10, 11 10, 11
D16S539 10, 11 10, 11 9,11 9,11 9,10 9,10 9,11 9,11 11,12 11,12
D18S51 13,14 13,14 16, 19 16, 19 12,14 12,14 11,19 11,19 13, 15 13, 15
D19S433 14.2, 15 14.2, 15 12,13 12,13 13,152  13,15.2 11.2,14 11.2,14 14,142 14,14.2
D21S11 29,332 29,332 29 29 30,322 30,322 30 30 29 29
CSF1PO 10, 12 10, 12 11,12 11,12 10, 12 10, 12 10, 12 10, 12 11 11
FGA 22,25 22,25 23 23 24 24 22,23 22,23 23,25 23,25
Penta D 9,10 9,10 9,11 9,11 8,10 8,10 9,10 9,10 9,12 9,12
Penta E 8, 15 8, 15 12,15 12,15 13,19 13,19 14, 20 14, 20 17,22 17,22
THO1 9,93 9,93 9 9 6,9.3 6,9.3 9 9 9,93 9,93
TPOX 8, 11 8,11 8 8 11,12 11,12 8,11 8, 11 8,11 8,11
VWA 17,18 17,18 14,19 14,19 17,18 17,18 14,17 14,17 14,16 14,16
Amelogenin X, Y X, Y X, Y X, Y X X X, Y X, Y X, Y X, Y
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cytosine©] thymine®= H}¥jo] [TTTCIZ YE}= SNPo| &<l

e ol ofx HuEx ¢S SNPY

o
i)
r o
ol
2
&
*
iy,
<)

Aoz 10708 =l AlzelA #E¥E D2S13389] tiHFHdAdE 2
CE &4 232 97) yepdAwr NGS #4439 = 47|49 ¥ol&

% A3t F 1470 dHdFdAd o= A3t

et
ol
0
32
i)

_43_



3% 8. STR structures of D251338 alleles in 10 Koreans

Allele  Repeat structure

Ref 23 [TGCC], [TTCC],, GTCC [TTCC],
17 [TGCCls [TTCClu
18a  [TGCCJs [TTCCl1,
18b  [TGCC]; [TTCClu
19a  [TGCCJs [TTCClus
19b  [TGCC]; [TTCCly,
20a  [TGCC]; [TTCC], TTTC [TTCClyo
20b  [TGCC]; [TTCClus
2la  [TGCC], [TTCC], TTTC [TTCC]1;
21b  [TGCC]; [TTCClu
22 [TGCC], [TTCC]y, GTCC [TTCC],
23 [TGCC]; [TTCC]y; GTCC [TTCC],
242 [TGCCJs [TTCC]ss GTCC [TTCC],
24b  [TGCC]g [TTCClis GTCC [TTCC],
25  [TGCC]; [TTCC]is GTCC [TTCC],

D3S1358, D8S1179, D21S1144+= 3+ DNA Al 89} k371~
& D3S1358914 A>G (rs77577482), A>G (rs71325067) SNPo]
golgdar,  D8S1179dIM+=  GPA (rs13265375),  A>G
(rs111782616),  D21S11S  G>A  (rs13049099), G A
(rs200026324), A>G (rs13050496)7} &<lEglon o]5S 74z}
3 9~11e =AHE YeRfArl. D3S1358914= CE #4He] 4
Bz 4700 dEFAAE S dJen NGS 4 Zi=z+ 6719
HHFAAE S At w37 R D8S1179% CE A= 5719
HHFHAAE S 9702, D21S112 6700llA 11712 Al&std o H

B

A%
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3% 9. STR structures of D351358 alleles in 10 Koreans

Allele Repeat structure

Ref 16 TCTATCTG [TCTA].
14 TCTA[TCTG], [TCTAl 4
15a  TCTATCTG [TCTA]l:s
15b  TCTA[TCTG], [TCTA]y
16a  TCTA[TCTG], [TCTA]:
16b  TCTA[TCTG]; [TCTA]
17a  TCTA[TCTG], [TCTA].4
17b  TCTA[TCTG]; [TCTAl1s

3% 10. STR structures of D8S1179 alleles in 10 Koreans

Allele Repeat structure

Ref 13 TCTATCTG [TCTA]w
10 [TCTA]1
12 [TCTAl L
132 [TCTAls
13b  TCTATCTG[TCTA]4
142  TCTATCTG [TCTA]:,
14b  [TCTA], TCTG [TCTA]x
15a  TCTATCTG [TCTA]s
15b  [TCTA], TCTG [TCTAl:
15c  [TCTAls
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5]

11. STR structures of D21S11 alleles in 10 Koreans

Allele Repeat structure

Ref 29 [TCTA]4 [TCTG]s [TCTA];s TA [TCTA]; TCA [TCTA], TCCA TA [TCTA] 4
29a [TCTA], [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA[TCTA] 1
29b [TCTA]s [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA] 10
29¢c  [TCTAJs [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA]
30a [TCTA]s [TCTG]s [TCTA]; TA[TCTA], TCA [TCTA], TCCA TA [TCTA] 15
30b [TCTA]s [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA] 1,
30c [TCTAJs [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA] .,

[TCTA]s [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA]1 TA
TCTA

31 [TCTAJ]s [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA] 1,
[TCTA]s [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA]1, TA
TCTA

[TCTA]s [TCTG]s [TCTA]; TA [TCTA], TCA [TCTA], TCCA TA [TCTA].; TA
TCTA

[TCTA]s [TCTG]s [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA]1; TA
TCTA

30.2

32.2a

32.2b

33.2

vWAe A #zte A7 d WHoel=  [TCTGIYA  guanine©]
adenine 2.2 H}H o] [TCTAIZ YEIY= G>A (rs216871) SNPRE
Zho] Hlom oy

TZ27F #FEEAJATGE 12).

i

FAZE 14004 FxADe] wrEFxol= T}

3% 12. STR structures of vWA alleles in 10 Koreans

Allele Repeat structure

Ref 17 TCTA[TCTG]s [TCTA].; TCCA TCTA
14 TCTATCTG TCTA[TCTG], [TCTA]; TCCA [TCTAl,
16  TCTA[TCTG], [TCTA].; TCCA TCTA
17 TCTA[TCTG], [TCTA]., TCCA TCTA
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19 12. Comparison of mixed ratio from 1:1 mixed sample.

Red bars = theoretical mixed ratio, green bars = mixed ratio based

on the peak height from CE, blue bars = mixed ratio based on the

coverage from NGS data. X—axis = STR allele, Y—-axis = ratio.

olo}d 1™ 13 & 11322 &9% DNA AlRe] vlgs h=d 4
solth, 1 A A 111 EFA RS vAIAR o] 2HQ] E3u &
A e CE BAYen 4Ed EFHE NGS BAMew 4
29 EFuEol AHOE WEE FYS wol: Ao FAY
. 28]a D2S1338, D3S1358, D16S539, D18S51, vWAE F Al&
o ] EF oA (heterozygote)Z o] B4 S 2= 2800Me] o

FAAE S A, B, 9947A9] HHAAAE S C, DEtar 3obH A:B:C:D

Jo

+ 1:1:3:3 2 yERol x5k D18S5H1S Al9lstar YA STR
Azp Fel A= Al e vEdes g2 LR Yede A
of At m7HAIR 1:6 EFAIE e A= 17 140
Hetgleon, 1:9 EFA 5o gk Ayt 13 159 yebdde oF
A Ayt m7A = NGS Z23et CE A3t vlseet vl&= yehy
e GAsARE, &9 vj&o] Aol7F A-FH NGS w412
2 dojzl vj&3 CE A o= dojxl vj& 1k Apol7t AR AA
TR S FASY= oY B3 19 EFE AR

Hol A3} 0.1 ng : 0.9 ng®l DNAZS A&3519S
4] 7] %<l 100 RFU (relative fluorescence units)ell H|X]
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ABSTRACT

Analysis of sequence variation within autosomal STR loci
using next generation sequencing and its application to
mixed samples analysis

Eun Hye Kim

Department of Medical Science
The Graduate School, Yonser University

(Directed by Professor Kyoung-Jin Shin)

Recently, there have been attempts to apply next generation
sequencing (NGS) technology to the analysis of short tandem
repeat markers, which are widely wused in forensic
investigation. NGS has received attention from many
researchers as an alternative or additional tool to the
conventional capillary electrophoresis (CE) method because
this technology can produce massive sequencing data
concurrently. However, there is no available multiplex PCR
system that has been optimized for the NGS analysis of STRs.
In this regard, a new multiplex PCR system was constructed
for the NGS analysis of 18 STRs which include 13 Combined
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DNA Index System loci, 4 loci from commonly used
commercial kits (D2S1338, D19S433, Penta D, Penta E) and
Amelogenin. Amplicons were designed to have a size ranging
70 to 210 bp, which is compatible with the read length of
currently available NGS platforms. To validate the developed
multiplex PCR system, 2800M and 9947A control DNA, DNA
samples obtained from 10 Koreans and DNA samples mixed in
a varying ratio using the two control DNA samples were
amplified, and their STR genotyping results and the sequence
variations which can be observed in a repeat region were
investigated. With the acquired NGS data, most STR alleles
could be successfully determined by applying coverage
threshold of 20% for single—source samples, 10% for mixture
samples mixed in ratios of 1:1, 1:3 and 1:6, and 5% for a
mixture sample mixed in a ratio of 1:9 and stutter threshold
value as well. Consequently, STR genotyping results obtained
from NGS analysis were mostly consistent with those from
CE-based analyses both for single-source samples and mixed
samples. Sequence variations which can help differentiation of

alleles from different sources were also detected from repeat
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regions of some STR loci (D2S1338, D&S1179, D21S11,
D3S1358, vWA) in two control DNA samples and 10 Korean
samples. Also, the actual mixed ratio of mixtures were
estimated by not only calculating coverage ratios of the
assigned alleles in each STR locus like peak height ratios in
CE-based assay, but also examining wild-type/variant ratios
from observed sequence variations. In conclusion, calculated
estimates for mixed ratio based on the coverage from NGS
data were not always consistent with the theoretical mixed
ratios, but were similar to the observed ratios from CE method.
Therefore, the developed multiplex PCR system could be
efficiently used for the NGS analysis of STRs of mixed
samples as well as single source samples in forensic

casework.

Key Words: next generation sequencing, autosomal STR,

sequence variation, Koreans, mixture
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