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3% 1. PCR primer sequences and final concentrations of Y-STR multiplex PCR systems for the first step

of library preparation

Locus Primer sequences* (5°—>3°) Conc. (uM)
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtgatttaaactctctgaatcagge 0.35
MIT75 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtgatacctttttttctactgataccttt 0.35
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGccatctgggttaaggagagtgt 1.5
DYSI9 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGttcactatgactactgagtttctgtt 1.5
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtaaacctaccaatcccattect 0.75
DYS392 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtttgttatttaaaagccaagaagg 0.75
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtgtggtcttctacttgtgtcaa 0.45
DYS393 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGaaactcaagtccaaaaaatgagg 0.45
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtggggaatagttgaacggtaa 0.55
DY5438 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgcaacaagagtgaaactccatt 0.55
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGagaaagggagatagagacatgga 0.6
DYS148 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtggccggtctggaaatttat 0.6
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGagctgaaatgcagatattccce 0.35
DYS570 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgctgtgtectccaagttect 0.35
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtgcctggttaaactactgtge 0.6
DYS643 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtcccceccaaaattctactga 0.6

- 16 -



g

DYS385

DYS439

DYS458

DYS481

DYS533

DYS549

DYS635

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGggaaggagaaagaaagtaaaaaagaa
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGttccaattacatagtectectttet
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGacataggtggagacagatagatga
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGggcttggaattcttttaccca
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgcaacaggaatgaaactccaa
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcccaaagttctggeattacaa
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGcagaaggttgcaagactcaaa
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGaggaatgtggctaacgctgt
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtcttctacctatcatctttctage
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtcagttcttaactcaaccaaacaa
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgtccccttttccatttgtga
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgcaattaggtaggtaaagaggaaga
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGtggcttctcactttgcatagaa

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgtggaaccagcccaaatatc

2.0
2.0
0.35
0.35
0.55
0.55
0.33
0.33
0.6
0.6
0.9
0.9
0.5

0.5
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W dk

W

=]

g

F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGccaactctcatctgtattatctatgta 0.2
DYS389 R TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGccaactctcatctgtattatctatgtg 1.5
R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgatagattgatagagggaggga 1.5
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgtgtatactcagaaacaaggaaaga 0.4
Y5390 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcetgcattttggtaccccata 0.4
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGttcaatcatacacccatatctgte 0.3
bYss9l R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtgcaagcaattgccatagag 0.3
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgactatgggcgtgagtgeat 0.4
Y5437 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgataagtagatagacatcattcacaga 0.4
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGctgttgtgggaccttgtgata 0.5
Y5456 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGactcagcccaaaacttcttaaa 0.5
F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgcgtatttgtcttggettttt 0.35
DYSoT0 R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcatagcaagacctcatctctgaa 0.35

*The Y chromosome marker-specific sequences were shown in small letter and read sequences were

shown in capital letter. Platform-specific sequences for ligating indices were indicated with underline.
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EF FANRE o8 EF AR NGS 9

)
o
Iz

] ] (library) Azt
=3t AlRE o] &% NGS i #AuE AAs7] 98t xE

YA A2 2800MI} 9948S o] 93 B3 Almo]| tlEd NGSE
A}g3  indexing PCR WS 838l F w79 PCRE
=3
=]

=
dAe PCR 4 5 1A sFaELAHARES £ 19 et
Nextera primerE ©]83lo Y-STR 99L& Xl TF AIES
deth £ 19 HF F=° alFet= primeret 1 ng®l 5% DNA

2 5.0 U AmpliTaqg Gold DNA Polymerase (Applied Biosystems)7}

B

St == 51 AL, 2 ple Gold ST*R 10x Buffer (Promega)E

F7leltk. =& HE Fy& Hdd 33 SHFTE 20 plvt
HES o] Hugk = F 4lo] FATh sPELAANS A
F 22 Veriti® 96-Well Thermal Cycler (Applied Biosystems)ell
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A&ato], 95 ColA 1187 WAL 94 TolA  20%,
60 Cold 1% 30%, 72TColA 30%¢ =Ho= 303 Tgus &
HFHo= 72 TolAd 7EIF WAL F 4 CTollA FA
Hhshaltt.

bgow 24 FRasAAugdd: FFe SFastuxn

Index 1, 27} E3FHEE &P, 1/1002= 3Ae 1 ule] 1z
ZZAE 193 2.0 U AmpliTag Gold DNA Polymerase (Applied

Biosystems)®t 2 ple] Gold ST+*R 10x Buffer (Promega)E

\r

F7tetgltt. 3=Y HE Fye dyd 3A SFTE 20 plvt
HEE 250 Hrigl ¥ & AloFu. FRasddnts A
F 22 Veriti® 96-Well Thermal Cycler (Applied Biosystems)ell
Azsle], 95 TolA  1683F WHAAZ|L 94 TolA  20%,

59 TollA 1+ 30%, 72 TollA 30x9 o= 173 T
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T HFHOE 60 TolA 7R WAL F 4 TelA 3

]_

F 949l PCRe §3 weoxl SFAdes Flshy] Hs

22
s

Oft

e

b
L

2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA)&
F3) @elgity. 200bp ~ 400bp A7]e] FEAHES &4 55
Belshn, 49 RS YT 2 ARE BF 5 ng/ulo)

-

FER EFEst AA FHlske], 1270% 50 plE E§Eke]

(2) #F 94 ARE &3 TF AR Zojr

—

A 2 AE #7 (quality control)

Primer ©o|&A] 3 PCRe &8 AHE Fab== A8tz el
A
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=
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o
=
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o
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[eb)
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[Ss]
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il
o
ofo
r
o
2
il

Fagitt. 150 bp WIRFY A2 HAESE AAT F JEF
SEAEol  oFo Hlste] 1.2x9] AMpure Bead (Beckman

L.

Coulter)& ©]&38tf Az=ALe] A Aol we} AAlsksith. AMpure
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Bead (Beckman Coulter)®] H]&
AH-8-31 5 T

AZE FolBrgelE A" sr] sl KAPA  Library

rlo
i
e
rO
—
i
Md
m1§
ol
El
—orL'
2

Quantification Kit (KAPA Biosystems, Woburn, MA, USA)E
ol gato] AzALel AAol wel eolueln FE S

Ao gkl wal 10 nMe] s 2 B 4o F=nH|3)

(3) NGS #HHE o

ofo
e
=51
M
i
ox
>
b
ot
i
e

A7AAE A4

10 nM¢] 52 55 419 9d A5 2 £33N 8 golrggE
o=z 250 bp¥ & #& ¢ (Paired-end read) Illumina
Miseq Reagent v2 Kit (Illumina)& ©|-&3to] A ZAF] X Alol] w}e}

2459l
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=l HAAEE ol&ste]l A= 157FA wlEe] 16570

(ot

dAlE B 2070 el 9 ddAlEel tid NGSE ¥

stk I-6-7F-(DelA X3t % @A A= g

)

=3

oluelz] Aol A& AASh 2 AAE A Ty
Asg Faste] olnez A%

EF 7HAsE 2 ostuttere] FFS HA3 517] 93] PCR cycle

T FAdA R NGSE 3
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i

BN
N

AS z2Hse] Adgede. & @Al PCR 34 & 194
PCRE MI-6-7F-(1)oll A AFg3 Ao PCR cycles 303] ol A

27312 33 =9 Aldskolth. 13k PCRoIA SZ%d AHES 34

N

THTE ol&std TR 9 wel FHEd= 1 ulE Edste

1/109) Wgz 4 @ 2T AR Fuadn. doow 27

PCRAIM = M-6-7F=(DollA  AHES =35 AREsH ey PCR
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= g7 PCRE T3 wEojx ZEAES olsly] 93
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2100 bioanalyzer (Agilent Technologies)
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~ 400bp #7119 FHFAESY &4 FFE gdstn
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3171 4.0 pE EFF 57 AE BF 6719 AES FH g

(2) = GAANREE ol &3 TFA R Zojr 9

AA 2 AE #g (Quality control)

=l HAAAE EFES ol &l AFtE FolBegE AAls

RS -

o
il

A 1I-6-7F-(2) oA AH&3 AMpure Bead (Beckman
Coulter)E ©]83 AHAl 2 KAPA Library Quantification Kit
(KAPA Biosystems)& ©]-&3sto] A2tE gholB g & F&atth
A kol gt 67) AIES 10 nM9o FE= 5F Alo] 18571

B Aol Fula).
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NGS EREoRRE ABY F dojAi FASTQ Ao

AE 5 GAANE AEE Warshauer 5% o] Hipsh o HojjA

A}8-3F BWA program,®® Bowtie2 program?’ 2 SAMtools,?
VarScan®%  o]€3 NGS A& ®¥A% H3gste] Y-STR
ARG Q7ML WolE FASHIA T

BWA program % Bowtie2 program< ©|-&3}7] 9a)|4 a3k
HxM d(reference  sequence) AFEE  human  genome
GRCh37/hgl9el FAl3tE= ®E STR F#x &% 2 STRbase

(http://www.cstl.nist.gov/biotech/strbase)E& Ll A A 7kA]
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el Y-STR f34 #el w=ge 3 9749 g wE
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B

ol AAER T w3 Y-STRY FW 99 (flanking

[«

region)®]  @7IME  WolE ASZ] flske]  500~550bpE

B

Fatel Fx MDL AgAGoM FA 99 EFFOEA

1= ™ -

oW & primer £%2 F3 Pold YEE F2AD Azt Ho)
oo A 4 bolek gl MW@ BE ARE T

BWA program % Bowtie2 program< ©]-&3fo] FA3t)

28 ARE SAM @4om AFHL Chdolz =Y @

O

Z2aRe ol g3l HTML @402 witele] A3 s,

EG 2 Y-STR fdxel @ 4749e wegom @
wEgelel  g7lNe wol  #Hee SAM @A Hag

SAMtools? & o] &3te] BAM 29 utd =z W3lksle] Integrative
Genomics Viewer (IGV)*? Zz1:e E3 3Hlstr}). olelsh
NGS A= 4 HHL2 AMFAAAHY A2} 1S

olshe] WAL,

lo
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9. NGS7]HF Y-STR 4 A Al A< Stutter 54 ZA}
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10. NGS 7]¥F Y-STR #4] AAoA o] &AS = o= ZA}

AE F41xd = ostuttero] AFsE =S AL
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FARE

Powerplex® Y23 7]EZ o]&3&lo] JA FF:AR
9948(Promega): 2800M (Promega) = 1:1, 1:3, 1:6, 1:9, 1:14,
1:19, 1:29, 1:49, 1:999] vl &= Z33lo] PowerPlex® Y23 7|ES
o83ty CE A8ttt #44 AIAE 100 RFUR 4§35t
1 o3t peak heightE® 7M=& HFdA L& FAoA
Ale]etalom 100 RFU ©]/3l peak Foll stuttere= #1733t
2800M3} 99482 2370¢] Y-STR % 1170 Y-STR(DYS385,
DYS3891, DYS437, DYS438, DYS458, DYS481, DYS570, DYS576,
DYS635, DYS643, Y-GATAH4)oA F 7] o]ie &3 A&

FAAEe] AZ HAYG GE 2). 1:19 EEF vEAAREEH {2
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X 2. Result of Y-STR genotyping in various range of mixture ratio of control DNAs from capillary

electrophoresis
CE result
Y-STR
1:1 1:3 1:6 1:9 1:14 1:19 1:29 1:49 1:99
DYS385 115 118 1416 1016 1016 1416 11 1816 1310
DYS3891 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 14
DYS437 14, 15 14, 15 14, 15 14, 15 14, 15 14 14, 15 14, 15 14
DYS438 9,11 9,11 9,11 9,11 9,11 9,11 9 9 9
DYS458 17,18 17,18 17,18 17,18 17,18 17 17 17,18 17
DYS481 22,24 22,24 22,24 22,24 21, 22 22,24 21, 22 21,22 21, 22
DYS570 17,18 17,18 17,18 17,18 17,18 17,18 17,18 17 17
DYS576 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 18 18
DYS635 21,23 21, 23 21, 23 21, 23 21, 23 21 21, 23 21 21, 24
DYS643 10, 11 10, 11 10, 11 10, 11 10, 11 10 10 10 10
Y-GATAH4 11,12 11,12 11,12 11,12 11,12 11,12 11 11 11
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HEHoR YYTYLS FAsA,
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X 3. Allele determinations in various ranges of mixture ratio of control DNAs from next generation

sequencing
Y-STR NGS result
1:1 1:3 1:6 1:9 1:14 1:19 1:29 1:49 1:99
11, 13, 11, 13, 11, 13, 11, 13, 11, 13, 11, 13, 11, 13,
DYS385 14, 12 14, 12 14, 12 14, 12 14, 16 14, 16 13,16 14, 16 13,16
DYS3891 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14
DYS392* 13 10, 12, 13, 13 13 13 13 13 13 13
DYS437 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14
DYS438 9,11 9,11 9,11 9,11 9,11 9,11 9,11 9,11 9
DYS458 17, 18 17, 18 17, 18 17, 18 17, 18 17,18 17,18 17,18 17,18
DYS481 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24
DYS570 17, 18 17, 18 17,18 17, 18 17, 18 17,18 17,18 17 17
DYS576 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 18 18
DYS635 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23
DYS643 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11
Y-GATAH4 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11 11, 12

*Y-STRs observed same allele determinations in both 9948 and 2800M. Allele-drop—-in was indicated
with underline.
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3 4. Result of Y-STR genotyping with 20 unrelated Korean males using PowerPlex® Y23

DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS G 131‘ A

19 385 3891 3891 390 391 392 393 437 438 439 448 456 458 481 533 549 570 576 635 643 H4
NGS001 15 10, 17 13 30 23 10 11 13 14 10 11 20 15 16 24 12 11 17 17 21 9 10
NGS002 14 13,14,19 12 28 23 10 14 12 15 11 12 19 15 16 22 11 12 18 19 21 11 12
NGS003 15 11, 17 12 29 23 10 11 14 14 10 11 19 15 18 24 12 12 17 18 21 9 11
NGS004 15 10, 19 15 30 23 10 13 13 14 13 12 18 15 17 23 11 11 19 18 21 13 11
NGS005 15 10, 20 14 30 22 10 13 13 14 13 12 18 15 17 21 11 13 19 19 20 12 12
NGS006 17 14, 14 12 27 25 10 13 12 15 10 13 19 14 17 26 10 13 193 17 23 10 12
NGS007 14 11, 13 14 31 23 11 16 15 14 11 10 19 14 17 20 11 12 16 16 20 11 12
NGS008 15 13, 17 13 29 24 11 14 13 14 10 12 18 14 21 23 10 12 18 18 21 12 10
NGS009 16 10, 18 13 28 23 10 13 13 14 13 12 18 14 17 23 11 12 17 18 21 12 11
NGS010 16 10, 18 14 29 23 10 13 13 14 13 12 18 15 17 23 11 12 18 17 21 13 11
NGSO011 15 12, 17 14 30 24 10 13 14 14 10 11 18 15 15 23 11 12 21 18 22 12 12
NGS012 17 12, 18 12 28 24 10 13 12 14 10 12 20 15 18 23 11 12 18 17 23 10 12
NGS013 16 15, 21 12 28 24 10 13 12 15 10 11 20 15 16 23 11 13 18 18 22 11 12
NGS014 15 10, 21 15 30 22 10 13 13 14 13 14 18 15 20 21 11 12 20 19 21 12 12
NGS015 16 10, 15 14 29 23 10 13 13 14 13 11 18 15 17 23 11 12 18 18 21 13 11
NGS016 15 10, 19 14 28 23 10 13 13 14 13 12 18 15 16 24 11 12 18 17 21 13 11
NGS017 16 10, 18 14 28 23 10 13 13 14 13 12 18 15 18 23 11 12 17 17 21 13 11
NGS018 16 15, 19 12 30 24 10 13 12 15 10 11 20 14 16 24 11 14 19 18 21 11 13
NGS019 15 13, 17 12 30 23 10 12 13 15 10 11 19 15 15 23 10 12 19 19 21 11 12
NGS020 15 10, 18 14 29 23 10 13 13 14 13 12 18 15 17 23 11 13 18 18 21 13 11
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5ol Ag st HEH o2 DYS385, Y-M175 TAAES A9 s

3 ol dHHFHA ol Al A ol EF HI=F &3tk 207 9
322l YA PowerPlex® Y23 ZA¥o|A DYS391& 10, 11
DYS4372 14, 15 DYS4562 14, 159 z+ % 719 tidH4Ad 7
FEE F AYgFHAE 2|7t vs 27 XFHA o

Aoz 209 = F F 139 =l Hd(NGS001,
NGS002, NGS003, NGS005, NGS006, NGS007, NGS008, NGS010,

NGSO011, NGS012, NGS013, NGS018, NGS019)¢] &3 A=
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X 5. The number of repeat difference of 21 Y-STRs with 11 sets of mixed DNAs using 13 unrelated

Korean males

11'1(;6(; DYS DYS DYS DYS DYSC DYSh DYS DYSC DYS DYS DYS DYSC DYS DYSh DYS DYS DYS DYS DYS G 131‘ A
difference® 19 389I 389 390 391° 392" 393 437° 438 439 448 456° 458 481" 533 549 576 635 643 e
0 2 3 1 6 1 1 5 5 3 3 5 1 1 4 5 1 2 2 1 3
1 3 4 3 5 4 6 6 3 5 4 6 7 3 4 3 3 5 4 4 4
2 6 4 5 0 3 3 0 1 3 4 0 0 3 3 3 4 4 4 5 3
3 0 0 2 0 2 1 0 2 0 0 0 2 3 0 0 1 0 1 1 1
4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
5 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Total 9 8 10 5 9 10 6 6 8 8 6 9 10 7 6 8 9 9 10 8

“The number of repeat differences between two samples.
"DYS392 and DYS481 included more than one sample which has the alleles with three repeat differences.

‘DYS391, DYS437, and DYS456 could not make combinations with more than one repeat difference.
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19 1. Average read counts for the 23 Y-STRs of the Y-STR
multiplex system used in this study with selected 18 samples.

Error bars represent standard deviation.
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3 6. Stutter ratios of 21 Y-STR for the NGS analysis system used in this study

Y-STR Repeat Ave SD Ave SD Ave SD Ave SD
R Repeat type

locus motif N-3 N-2 N-1 N+1

DYS392 3bp 0.0056 0.0026 0.0211 0.0069 0.1605 0.0236 0.0686 0.0115 Simple
DYS481 0.0092 0.0029 0.0578 0.0131 0.3028 0.0331 0.0551 0.0079 Simple

DYS19 4bp - - 0.0100 0.0023 0.1232 0.0119 0.0110 0.0025 Compound
DYS3891 - - 0.0067 0.0038 0.0824 0.0213 0.0079 0.0029 Simple
DYS389I1 - - 0.0272 0.0056 0.2090 0.0137 0.0147 0.0043 Compound
DYS390 - - 0.0114 0.0028 0.1307 0.0110 0.0071 0.0050 Compound
DYS391 - - 0.0067 0.0027 0.0962 0.0113 0.0087 0.0020 Simple
DYS393 - - 0.0109 0.0041 0.1260 0.0142 0.0199 0.0041 Simple
DYS437 - - 0.0032 0.0016 0.0701 0.0179 0.0086 0.0031 Compound
DYS439 - - 0.0058 0.0019 0.0892 0.0110 0.0177 0.0064 Simple
DYS456 - - 0.0100 0.0017 0.1234 0.0104 0.0275 0.0056 Simple
DYS458 - - 0.0163 0.0058 0.1537 0.0219 0.0128 0.0031 Simple
DYS533 - - 0.0077 0.0019 0.1158 0.0093 0.0139 0.0022 Simple
DYS549 - - 0.0082 0.0027 0.1231 0.0159 0.0173 0.0042 Simple
DYS570 - - 0.0117 0.0036 0.1336 0.0162 0.0216 0.0046 Simple
DYS576 - - 0.0118 0.0045 0.1302 0.0183 0.0198 0.0045 Simple
DYS635 - - 0.0087 0.0029 0.1121 0.0203 0.0124 0.0066 Compound
GATAH4 - - 0.0079 0.0023 0.1101 0.0154 0.0122 0.0046 Simple
DYS438 Sbp - - 0.0042 0.0023 0.0639 0.0141 0.0035 0.0013 Simple
DYS643 - - 0.0046 0.0027 0.0688 0.0080 0.0051 0.0037 Simple
DYS448 6bp - - 0.0082 0.0072 0.0738 0.0101 0.0019 0.0022 Compound

Ave, average; SD, standard deviation

- 48 -



3% 7. Stutter filter ratio of 21 Y-STR for the mixture interpretation

using NGS analysis system

N-3 N-2 N-1 N+1
Locus
Ave + 3SD Ave + 3SD Ave + 3SD Ave + 3SD

DYS19 0.0168 0.1588 0.0185
DYS3891 0.0182 0.1465 0.0167
DYS38911 0.0441 0.2500 0.0276
DYS390 0.0197 0.1636 0.0222
DYS391 0.0149 0.1301 0.0148
DYS392 0.0135 0.0418 0.2314 0.1030
DYS393 0.0233 0.1687 0.0323
DYS437 0.0080 0.1239 0.0178
DYS438 0.0111 0.1063 0.0073
DYS439 0.0114 0.1221 0.0369
DYS448 0.0297 0.1041 0.0085
DYS456 0.0151 0.1546 0.0444
DYS458 0.0337 0.2194 0.0219
DYS481 0.0178 0.0973 0.3962 0.0792
DYS533 0.0133 0.1436 0.0205
DYS549 0.0162 0.1710 0.0300
DYS570 0.0226 0.1822 0.0354
DYS576 0.0253 0.1851 0.0332
DYS635 0.0174 0.1731 0.0322
DYS643 0.0127 0.0928 0.0161
GATAH4 0.0149 0.1562 0.0259

Ave, average; SD, standard deviation
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X 8. Noise ratios and noise filter ratio of 21 Y-STR for the NGS

analysis system used in this study

Locus Noise ratio Noise filter ratio
AVE SD AVE+3SD

DYS19 0.0006 0.0008 0.0029
DYS3891 0.0007 0.0010 0.0037
DYS38911 0.0006 0.0009 0.0031
DYS390 0.0005 0.0008 0.0028
DYS391 0.0005 0.0003 0.0015
DYS392 0.0021 0.0021 0.0084
DYS393 0.0008 0.0024 0.0081
DYS437 0.0003 0.0002 0.0008
DYS438 0.0009 0.0015 0.0053
DYS439 0.0004 0.0007 0.0025
DYS448 0.0012 0.0015 0.0056
DYS456 0.0005 0.0004 0.0017
DYS458 0.0007 0.0016 0.0056
DYS481 0.0014 0.0015 0.0059
DYS533 0.0006 0.0015 0.0052
DYS549 0.0006 0.0013 0.0046
DYS570 0.0009 0.0018 0.0063
DYS576 0.0007 0.0019 0.0063
DYS635 0.0004 0.0005 0.0019
DYS643 0.0008 0.0011 0.0040
GATAH4 0.0013 0.0015 0.0058
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3% 9-1. Allele determinations in various range of mixture ratio of two Korean males of Set 1
(NGS001:NGS006) from next generation sequencing
Locus 1:1 1:3 1:6 1:9 1:14  1:19 1:29 1:49 31 6:1 9:1 14:1  19:1  29:11  49:1
DYS19 1517 1517 1517 1517 1517 1517 1517 1517 1517 1517 1517 1517 1517 15 15, 17
DYS3891 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 13 13 13 13
DYS389I1 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30 27, 30
DYS390 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25
DYS392 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11
DYS393 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 13
DYS437 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15
DYS439 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
DYS448 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20
DYS456 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 15
DYS458 16, 17 16, 17 16, 17 16, 17 17 17 17 17 16, 17 16, 17 16, 17 16, 17 16, 17 16, 17 16, 17
DYS481 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26
DYS533 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 12
DYS549 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
DYS570 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17,
19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3
DYS635 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23
DYS643 9, 10 9, 10 9, 10 9, 10 9, 10 9, 10 9, 10 10 9, 10 9, 10 9, 10 9, 10 9, 10 9 9, 10
GATAH4 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12

Unexpected alleles were indicated with underline.
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X 9-2. Allele determinations in various range of mixture ratio of two Korean males of Set 2

(NGS003:NGS006) from next generation sequencing

Locus 1:1 1:3 1:6 1:9 1:14 1:19 1:29 1:49 3:1 6:1 9:1 14:1 19:1 29:1 49:1

DYS19 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17
DYS38911 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 27, 29 29
DYS390 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25 23, 25
DYS392 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 13 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
DYS393 12, 14 12, 14 12, 14 12, 14 12 12, 14 12 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS437 14, 15 14, 15 14, 15 15 14, 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15
DYS439 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 13 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
DYS456 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14 14 14, 15 14, 15 14, 15 14, 15 14, 15 15 14, 15
DYS458 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18 17 17, 18 17, 18 17, 18 17, 18 17, 18 18 18 18
DYS481 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24, 26 24
DYS533 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10 10 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12
DYS549 12, 13 12, 13 12, 13 13 13 12, 13 12, 13 13 12, 13 12, 13 12, 13 12, 13 12, 13 12 12
DYSST0 0% jos 105 105 193 193 9% 105 1as 193 103 103 105 193 193
DYS576 17, 18 17, 18 17, 18 17, 18 % 17, 18 17 17 17, 18 17, 18 17, 18 17, 18 17, 18 18 18
DYS635 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23
DYS643 9, 10 9, 10 9, 10 9, 10 9, 10 10 10 10 9, 10 9, 10 9, 10 9, 10 9, 10 9 9, 10
GATAH4 11, 12 11, 12 11, 12 11, 12 11, 12 12 12 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11

Unexpected alleles were indicated with underline.
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3% 9-3. Allele determinations in various range of mixture ratio of two Korean males of Set 3

(NGS005:NGS012) from next generation sequencing
Locus 1:1 1:3 1:6 1:9 1:14 1:19 1:29 1:49 31 6:1 9:1 14:1 19:1  29:11 491
DYS19 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17
DYS3891 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS389I1 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30
DYS390 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24 24 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24 22, 24
DYS392 13, 13 13, 13 13, 13 13, 13 13, 13 13, 13 13, 13 13, 13 13@13 1:;;13 13, 13 13, 13 13, 13 13, 13 13, 13
DYS393 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 13 13
DYS438 10, 13 10, 13 10, 13 10, 13 10 10, 13 10 10 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13
DYS448 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18 20
DYS458 17, 18 17, 18 17, 18 18 18 18 18 18 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18
DYS481 21, 23 21, 23 21, 23 23 21, 23 23 23 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23
DYS549 12, 13 12, 13 12, 13 12, 13 12, 13 12 12, 13 12, 13 12, 13 12, 13 13 12, 13 13 13 12
DYS570 18, 19 18, 19 18, 19 18, 19 18, 19 18 18, 19 18 18, 19 18, 19 18, 19 18, 19 18, 19 18, 19 18
DYS576 17,19 17,19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17%9
DYS635 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23
DYS643 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 12 10, 12 10, 12

Unexpected alleles were indicated with underline.
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3% 9-4. Allele determinations in various range of mixture ratio of two Korean males of Set 4

(NGS001:NGS005) from next generation sequencing

Locus 1:1 1:3 1:6 119 1:114 1:119 1:29 149 31 6:1 911 1411 1911 2911 4911

DYS3891 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 14 14 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13
DYS390 22, 23 22, 23 22, 23 22, 23 22, 23 22, 23 22, 23 22 22, 23 22, 23 22, 23 23 23 23 23
DYS392 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11
DYS438 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13
DYS439 11, 12 11, 12 11, 12 11, 12 12 12 12 12 11, 12 11, 12 11, 12 11, 12 11, 12 11 11
DYS448 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 20 20
DYS456 15, 15 15, 15 15, 15 15, 15 15, 15 15, 15 15, 15 15, 15 15, 15 15, 15 15, 15 1(1171() 15, 15 15, 15 15, 15
DYS458 16, 17 16, 17 16, 17 16, 17 16, 17 17 17 17 16, 17 16, 17 16, 17 16, 17 16, 17 16 16, 17
DYS481 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21, 24 21§'24 21, 24
DYS533 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 12
DYS549 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
DYS570 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19
DYS576 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19
DYS635 20, 21 20, 21 20, 21 20, 21 20, 21 20 20 20 20, 21 20, 21 21 20, 21 21 21 21
DYS643 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12 9, 12
GATAH4 10, 12 10, 12 10, 12 10, 12 10, 12 12 12 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12

Unexpected alleles were indicated with underline.
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X 9-5. Allele determinations in various range of mixture ratio of two Korean males of Set 5

(NGS007:NGS010) from next generation sequencing

Locus 1:1 1:3 1:6 119 1114 1:19 1:29 1149 31 6:1 9:1 1411 19:1  29:1 491

DYS19 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 16 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16
DYS38911 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 31
DYS391 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11

DYS392 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16
DYS393 13, 15 13, 15 13, 15 13, 15 13, 15 13, 15 13, 15 13 13, 15 13, 15 13, 15 13, 15 13, 15 13, 15 13, 15
DYS438 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
DYS439 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12

DYS448 18, 19 18, 19 18, 19 18, 19 18, 19 18, 19 18 18 18, 19 18, 19 18, 19 18, 19 18, 19 19 19
DYS456 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14
DYS481 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23
DYS570 16, 18 16, 18 16, 18 16, 18 18 16, 18 18 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18
DYS576 16, 17 16, 17 16, 17 17 17 17 17 17 16, 17 16, 17 16, 17 16, 17 16, 17 16, 17 16, 17
DYS635 20, 21 20, 21 20, 21 21 21 21 21 21 20, 21 20, 21 20, 21 20, 21 20, 21 20, 21 20, 21
DYS643 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13 11, 13
GATAH4 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 12 12

Unexpected alleles were indicated with underline.
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¥ 9-6. Allele determinations in various range of mixture ratio of two Korean males of Set 6
(NGS007:NGS013) from next generation sequencing

Locus 1:1 1:3 1:6 1:9 1:14  1:19 1:29 1:49 31 6:1 9:1 14:1  19:1  29:11 49:1
DYS19 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 16 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16
DYS3891 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12 12 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS389I1 28, 31 28, 31 28, 31 28, 31 28, 31 28, 31 28 28 28, 31 28, 31 28, 31 28, 31 28, 31 28, 31 28, 31
DYS390 23, 24 23, 24 23, 24 23, 24 23, 24 23, 24 24 24 23, 24 23, 24 23, 24 23, 24 23, 24 23, 24 23, 24
DYS391 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10 10 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 11
DYS392 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 13 13, 16 13, 16 13, 16 13, 16 13, 16 13, 16 16
DYS393 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15 12, 15
DYS437 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14 14
DYS438 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 11 11 11
DYS439 10, 11 10, 11 10, 11 10, 11 10, 11 11 10, 11 11 10, 11 10, 11 10, 11 10 10 10, 11 10
DYS448 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20 19, 20
DYS456 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14 14
DYS458 16, 17 16, 17 16, 17 16, 17 16, 17 16, 17 16 16 16, 17 16, 17 17 17 17 17 17
DYS481 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 23 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23 20, 23
DYS549 12, 13 12, 13 12, 13 12, 13 13 13 12, 13 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13
DYS570 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16
DYS5H76 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 18 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18
DYS635 20, 22 20, 22 20, 22 20, 22 20, 22 20, 22 20, 22 22 20, 22 20, 22 20, 22 20, 22 20, 22 20, 22 20, 22

Unexpected alleles were indicated with underline.
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3% 9-7. Allele determinations in various range of mixture ratio of two Korean males of Set 7

(NGS003:NGS007) from next generation sequencing

Locus 1:1 1:6 1:3 1:9 1:14  1:19 1:29 1:49 31 6:1 9:1 14:1 19:1  29:1 491

DYS19 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14 14 14, 15 14, 15 14, 15 14, 15 14, 15 15 14, 15
DYS3891 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS38911 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 31 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31 29, 31
DYS391 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11

DYS392 11, 16 11, 16 11, 16 11, 16 11, 16 11, 16 16 16 11, 16 11, 16 11, 16 11, 16 11, 16 11, 16 11, 16
DYS393 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14 14, 15
DYS438 10, 11 10, 11 10, 11 10, 11 10, 11 11 11 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11
DYS439 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10 10, 11 10, 11 10, 11 10, 11 10, 11 11 10, 11
DYS456 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 14, 15
DYS458 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18 17 17 17, 18 18 18 18 18 18 17, 18
DYS481 20, 24 20, 24 20, 24 20, 24 20, 24 20, 24 8, 20 20 20, 24 20, 24 20, 24 20, 24 20, 24 20, 24 20, 24
DYS533 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11 11 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12
DYS570 16, 17 16, 17 16, 17 16, 17 16, 17 16 16 16 16, 17 16, 17 16, 17 16, 17 17 17 16, 17

DYS576 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18 16, 18

DYS635 20, 21 20, 21 20, 21 20, 21 20, 21 20, 21, 20, 22 20, 22 20, 21 21 20, 21 21 21 21 20, 21
Q Q

DYS643 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 11 11 9, 11 \)'1;1 9, 11 9, 11 9, 11 9 \)'2;1

GATAH4 11, 12 11, 12 11, 12 11, 12 12 12 12 12 11, 12 11, 12 11, 12 11, 12 11, 12 11 11, 12

Unexpected alleles were indicated with underline.
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3% 9-8. Allele determinations in various range of mixture ratio of two Korean males of Set 8

(NGS008:NGS012) from next generation sequencing

Locus 1:1 1:3 1:6 1:9 114 1:119 1:29 149 31 6:1 9:1 14:1  19:1 2911 491

DYS19 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17 15, 17
DYS3891 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12 12, 13 12, 13 12, 13 12, 13 13 13 13
DYS389I1 28, 29 28, 29 28, 29 28, 29 28, 29 28, 29 28 28 28, 29 28, 29 28, 29 28, 29 29 29 29
DYS391 10, 11 10, 11 10, 11 10, 11 10, 11 10 10 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11
DYS392 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13 13 13, 14 13, 14 13, 14 13, 14 14 14 14
DYS393 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12 12 12, 13 12, 13 12, 13 13 12, 13 13 13
DYS448 18, 20 18, 20 18, 20 18, 20 18, 20 20 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20
DYS456 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14 14, 15 14, 15
DYS458 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21
DYS533 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11
DYS570 18, 18 18, 18 18, 18 18, 18 % 18, 18 18, 18 18, 18 18, 18 18, 18 18, 18 18, 18 18, 18 18, 18 18, 18
DYS576 17, 18 17, 18 17, 18 17, 18 17, 18 17 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18 17, 18
DYS635 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23 21, 23
DYS643 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12
GATAH4 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 12 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12

Unexpected alleles were indicated with underline.
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X 9-9. Allele determinations in various range of mixture ratio of two Korean males of Set 9

(NGS002:NGS011) from next generation sequencing

Locus 11 1:3 1:6 119 1'14 1119 1:29 1:49 31 6:1 9:1 1411 1911 2911 49:1

DYS19 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14
DYS3891 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS389I1 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30 28, 30
DYS390 23, 24 23, 24 23, 24 23, 24 23, 24 23, 24 24 24 23, 24 23, 24 23, 24 23, 24 23, 24 23, 24 23
DYS392 13, 14 13, 14 13, 14 13, 14 13, 14 13 13 13 13, 14 13, 14 13, 14 13, 14 14 14 14
DYS393 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 14 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS437 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 14 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15 15
DYS438 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11 10 10, 11 10, 11 10, 11 10, 11 11 10, 11 11 11
DYS439 11, 12 11, 12 11, 12 11, 12 11, 12 11 11 11 11, 12 11, 12 11, 12 11, 12 11, 12 12 12
DYS448 18, 19 18, 19 18, 19 18, 19 18, 19 18, 19 18 18, 19 18, 19 18, 19 18, 19 18, 19 18, 19 19 19
DYS458 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 15 15, 16 15, 16 15, 16 16 16 16 16
DYS481 22, 23 22, 23 22, 23 23 23 23 23 23 22, 23 22, 23 22, 23 22 22, 23 22, 23 22, 23
DYS570 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21 18, 21
DYS576 18, 19 18, 19 18, 19 18, 19 18, 19 18, 19 18 18 18, 19 18, 19 18, 19 18, 19 18, 19 19 19
DYS635 21, 22 21, 22 21, 22 21, 22 22 22 22 22 21, 22 21, 22 21, 22 21, 22 21, 22 21, 22 21
DYS643 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 12 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12

Unexpected alleles were indicated with underline.
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¥ 9-10. Allele determinations in various range of mixture ratio of two Korean males of Set 10

(NGS003:NGS019) from next generation sequencing

Locus 1:1 1:3 1:6 1:9 1:14 1:19 1129 1:49 3:1 6:1 9:1 1411 2911 49:1

DYS38911 29, 30 29, 30 29, 30 29, 30 29, 30 29, 30 30 30 29, 30 29, 30 29, 30 29, 30 29, 30 29, 30
DYS390 23 23 23 23 23 23 23 23 23 23, 25 23 23 23 23
DYS392 11, 12 11, 12 11, 12 6, 12 12 12 12 12 11, 12 11, 12 11, 12 11, 12 11 11
DYS393 13, 14 13, 14 13, 14 13, 14 13 13 13 13 13, 14 13, 14 13, 14 13, 14 14 14
DYS437 14, 15 14, 15 14, 15 14, 15 15 14, 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14, 15
DYS458 15, 18 15, 18 15, 18 15, 18 15, 18 15, 18 15, 18 15 15, 18 15, 18 15, 18 15, 18 15, 18 15, 18
DYS481 23, 24 23, 24 23, 24 23, 24 23, 24 23, 24 23 23 23, 24 23, 24 23, 24 24 24 24
DYS533 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12 10 10 10, 12 10, 12 10, 12 10, 12 10, 12 10, 12
DYS570 17, 19 17, 19 17, 19 17, 19 17, 19 17, 19 19 19 17, 19 17, 19 17, 19 17, 19 17, 19 17
DYS576 18, 19 18, 19 18, 19 18, 19 19 19 19 4, 19 18, 19 18, 19 18, 19 18, 19 18,2'19 18
DYS635 21 21 21 21 21 21 21 21 21 21, 23 21 21 21 21
DYS643 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11 9, 11, 12
GATAH4 11, 12 11, 12 11, 12 11, 12 11, 12 12 12 12 11, 12 11, 12 11, 12 11, 12 11 11

Unexpected alleles were indicated with underline.
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3% 9-11. Allele determinations in various range of mixture ratio of two Korean males of Set 11

(NGS008:018) from next generation sequencing

Locus 1:1 1:3 1:6 1:9 1:14  1:19 1:29 1:49 3:1 6:1 9:1 14:1 29:1 491
DYS19 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 16 16 15, 16 15, 16 15, 16 15, 16 15 15
DYS3891 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12 12 12, 13 12, 13 12, 13 13 13 13
DYS38911 29, 30 29, 30 29, 30 29, 30 29, 30 30 29 29 29, 30 29, 30 29, 30 29, 30 29, 30 29, 30
DYS391 10, 11 10, 11 10, 11 10, 11 10, 11 10 10, 11 11 10, 11 10, 11 10, 11 10, 11 10, 11 11
DYS392 13, 14 13, 14 13, 14 13, 14 13, 14 13, 14 13 13 13, 14 13, 14 14 14 14 14
DYS393 12, 13 12, 13 12, 13 12, 13 12, 13 12, 13 12 12 12, 13 12, 13 12, 13 12, 13 13 13
DYS437 14, 15 14, 15 14, 15 14, 15 14, 15 15 15 15 14, 15 14, 15 14, 15 14, 15 14, 15 14
DYS439 11, 12 11, 12 11, 12 11, 12 11, 12 11 11 11 11, 12 11, 12 11, 12 11, 12 11, 12 12
DYS448 18, 20 18, 20 18, 20 18, 20 18, 20 18, 20 20 20 18, 20 18, 20 18, 20 18, 20 18, 20 18
DYS458 16, 21 16, 21 16, 21 16, 21 16, 21 16, 21 16, 21 16 16, 21 16, 21 16, 21 16, 21 16, 21 16, 21
DYS481 23, 24 23, 24 23, 24 24 24 24 24 24 23, 24 23, 24 23, 24 23, 24 23, 24 23
DYS533 10, 11 10, 11 10, 11 10, 11 11 11 11 11 10, 11 10, 11 10, 11 10, 11 10, 11 10, 11
DYS549 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14 14 14 12, 14 12, 14 12, 14 12, 14 12, 14 12, 14
DYS570 18, 19 18, 19 18, 19 18, 19 18, 19 18, 19 19 19 18, 19 18, 19 18, 19 18, 19 18, 19 18
DYS643 11, 12 11, 12 11, 12 11, 12 11, 12 11, 12 11 11 11, 12 11, 12 11, 12 11, 12 11, 12 12
GATAH4 10, 13 10, 13 10, 13 10, 13 10, 13 10, 13 13 10, 13 10, 13 10, 13 10, 13 10, 13 10 10, 13

Unexpected alleles were

indicated with underline.
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¥ 10. The counts of allele determinations of 163 mixed DNAs

combinations for 21 Y-STRs by mixture ratios

Locus 1:1 1:3 1:6 1:9 1:14  1:19 1:29 1:49
DYS19 9/9 18/18 18/18 18/18 18/18 17/17
DYS3891 8/8 16/16 16/16 16/16 14/16 13/15
DYS389II 10/10 20/20 20/20 20/20 20/20 16/18
DYS390 6/6 12/12 12/12 12/12 11/12 11/12
DYS391 5/5  10/10 10/10 10/10 10/10 | 7/9
DYS392 10/10 20/20 20/20 18/20 18/20  14/18
DYS393 10/10 20/20 20/20 20/20 17/20 17/18
DYS437 6/6 12/12 12/12 11/12 11/12 9/10
DYS438 6/6  12/12 12/12 12/12 10/12 10/12
DYS439 8/8 16/16 16/16 16/16 14/16
DYS448 8/8 16/16 16/16 16/16 16/16
DYS456 6/6  12/12 12/12 12/12 12/12
DYS4568 10/10 20/20 19/20 18/20 | 15/20
DYS481 10/10 20/20 20/20 17/20 16/20 15/18
DYS533 7/7  14/14  14/14  14/14 13/14 11/15
DYS549 6/6  12/12 12/12 10/12 10/12 8/11
DYS570 10/10 20/20 20/20 20/20 19/20 15/18
DYS576 9/9  18/18 18/18 17/18 16/18 14/17
DYS635 9/9 18/18 17/18 16/18 15/18 13/18
DYS643 10/10 20/20 20/20 20/20 20/20 16/18
GATAH4 8/8 16/16 16/16 16/16 15/16

The percentages of allele determination of 21 Y-STR loci by
mixture ratios were indicated with color gradually getting dark

informed below.

100% =290%  =280%
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ABSTRACT

Analysis of Y Chromosomal STR Profiles in Mixed DNA
using Next Generation Sequencing

Soyeun Kwon

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Kyoung-Jin Shin)

Mixed DNA profiling has been consistently studied in
forensic genetics, however, it still remains as a
challengeable area in DNA profiling. Currently, mixed DNA
profiling using capillary electrophoresis (CE) is based on the
number of peak, relative peak height resulted from multiplex
PCR system. With advent of next generation sequencing
(NGS) producing massive sequence information, mixed DNA
analysis is also expected to receive support from NGS by
making up the limitations of CE analysis. In the present

study, the utility of NGS method for mixed DNA analysis was
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evaluated using the multiplex PCR system for the
amplification of 24 Y chromosomal markers including the
PowerPlex® Y23 loci and the M175 marker. Eighteen single—
source male DNAs and 11 combinations of two—people DNA
mixture from 13 Korean males in various ranges of mixture
ratios were investigated. Stutter ratios and noise ratios
were determined from single—-source male DNAs and used
for filtering out artifact reads as analytical and
interpretational threshold ratios, respectively. Using
threshold ratios investigated here, we determined the
genotypes of mixed DNAs.

In this study, the useful threshold ratios for mixed DNA
analysis in Y-STR NGS system were provided. The
resolution power of each Y-STR for minor component
detection in mixed DNAs was different and most Y-STRs
were determined by 1:14. However, it was difficult to
estimate mixture ratios using read counts of NGS and the

stutter generation of STR and stochastic effect of small
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amount of DNA should be considered in PCR-based NGS
analysis.

In the present study, it provided the guidelines for mixed
DNA analysis of Y-STRs using NGS method and it raised the
possibility of the NGS analysis for the mixed DNA profiling.
Furthermore, it is expected that NGS method can be applied

to mixed DNA analysis in forensic casework.

Key words: Mixed DNA, Y chromosomal STR, Next generation
sequencing, analytical threshold ratio, interpretational threshold

ratio, stutter ratio
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