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Recently, next generation sequencing (NGS) has received attention as the ultimate
genotyping method to overcome the limitations of capillary electrophoresis (CE)-
based short tandem repeat (STR) analysis, such as the limited number of STR loci
that can be measured simultaneously using fluorescent-labeled primers and the maxi-
mum size of STR amplicons. In this study, we analyzed 15 autosomal STR markers
via the NGS method and evaluated their effectiveness in STR analysis. Using male
and female standard DNA as single-sources and their 1:1 mixture, we sequentially
generated sample amplicons by the multiplex polymerase chain reaction (PCR)
method, constructed DNA libraries by ligation of adapters with a multiplex identifier
(MID), and sequenced DNA using the Roche GS Junior Platform. Sequencing data
for each sample were analyzed via alignment with pre-built reference sequences.
Most STR alleles could be determined by applying a coverage threshold of 20% for
the two single-sources and 10% for the 1:1 mixture. The structure of the STR in each
allele was accurately determined by examining the sequences of the target STR
region. The mixture ratio of the mixed sample was estimated by analyzing the cover-
age ratios between assigned alleles at each locus and the reference/variant ratios
from the observed sequence variations. In conclusion, the experimental method used
in this study allowed the successful generation of NGS data. In addition, the NGS data
analysis protocol enables accurate STR allele call and repeat structure determination
at each locus. Therefore, this approach using the NGS system will be helpful to inter-
pret and analysis the STR profiles from singe-source and even mixed samples in
forensic investigation.

Key Words : Short tandem repeat, Next generation sequencing, Repeat structure,
Sequence variation, Mixture
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ZMICH H7|IMYD 2AH S 0|25 MM STR 241 | 223 2 49
& dotr .z} St
M= 2 8
1.DNA A B

AR DNA A= MO Aol A] t 2 o= AR
T3 e AE YA 5 A8 2800M (Promega, Madison,
WI, USA), 94L& 9947A (Promega) S AHE-3k9ith o] &
DNA A&+ NanoDrop 1000 spectrophotometer (Thermo.
Fisher scientific, Waltham, MA, USA) & O]J‘l;}oﬂ gt &
1 ng/it?] w55 Flstalth 111 A 5= 7 719 T
F(2800M3} 9947A) & AlojM HEEE 1 ng/wm HEE g
=3

0
ol

FO|

[

2.STR &= M= 4 &

J

£ 7oA = D3S1358, THO1, D21S11, D18S51, Penta
E, D5S818, D13S317, D7S820, D16S539, CSF1PO, Penta
D, vWA, D8S1179, TPOX, FGA?] 157} STR 2z ¥
Amelogening #4& 4 A EZE PowerPlex 16 system
(Promega) @] &71¥ HHE vleto 2 Zato]w (primer) S &
nlk ek ot 7)€ CES o] 43 STR #4H 3} tf= A =
gto|we] PFmAAE F-2ehA ekttt Table 12 PCR 3%
gollM AHEE Zetolm o MY Bl HFE s BojEth PCR
2 25 109 10X Gold ST*R buffer (Promega), 4.0 unit®]
AmpliTag Gold DNA polymerase (Applied Biosystems,
Foster City, CA, USA), primer?} 1 ng?] DNA A 25 ¥3}3}
= % 25 o] Hk-3-olS 515} PowerPlex 16 systemol|A]
AR5k W oA PCR 2% =3t 3438 2 27 s}o] =343}
Aot PCR& mhxl Fof Zejotadoluto] =4 247]"35
(polyacrylamide gel electrophoresis) = E3l4 5% AEE
o] F Al A= A=A IS AdE S5 AHES A
A= QIAquick® PCR purification Kit (QIAGEN, Hilden,
Germany) & ©]- &35t} ¢zl F% A9 5+ Quant—
iT™ PicoGreen® dsDNA Assay Kit (Invitrogen, Carlsbad,
CA, USA)E o] g3le] =4glon % =42 NanoDrop
1000 spectrophotometer (Thermo. Fisher scientific) 2 260
nme} 280 nm2] oA SAE FHES v &S AAste

=H o] Foi k.

w
ot
Jp

AES 0|28t 2to] 222 (library) 2| M| %

NGS #4293 2 dAZ AAE F= A
E£7% o|E (adapter) & & H
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Rapid Library Preparation Kit (Roche Diagnostics Corp.,
Branford, CT, USA) & ©]&-3}0] A|Z2AF2] A AU Z 33}3]
t} o] g4 DNA AlBe] W& FES YA Multiplex
Identifier (MID)7} 23+ o HE S AHg-alSiTh A< gto]
B89 AAl+= AMPure bead (Beckman Coulter, Brea, CA,
USA) £ o] &stel=dl, 5% A=) ] = (bead) 9 H]%O] 2:1
o] FIEE go2H 7717} 100 bp uwkel 2> HHAES A
A 5 JEE 3G HF A o7 Aoy go]H 2] ‘Hﬂ
A7 B¥ 3l W 5% =42 2100 Bioanalyzer (Agilent
Technologies, Palo Alto, CA, USA) S o]-g3}3ith.

4. 22 ZZ(clonal amplification) & CHZF 7| ME MM
Az golHvg g F8 FEZ & 3 oHAH PCR

(emulsion PCR)< GS Junior Titanium emPCR Kit (Lib—L;
Roche Diagnostics Corp.)& ]88t #AZALS] XA R 4

ye3itt. ol = ﬂﬁﬁ*ﬂ gholHelgl= S4E FEE 7o R
1 pl & 228 75 AXkeE $oll 1l 3 1X 10702 227t
HEE 8 }oﬂu}(Eq 1). B3 Scheible 5'"0] A=
copy per bead = 1.02.2 A&t} g PCR 5= Ak
ol gt dig 471 E A2 GS Junior Titanium
Sequencing Kit (Roche Diagnostics Corp.) & ©]-&3to] A%
A Z Aol w2} GS Junior (Roche Diagnostics Corp.) 7H]
oA ekt
(sample conc.; ng/ul) X6.022 X 10%

Molecules/y = —Ea. 1
olecules/y 656.6 X (Average amplicon length;bp) q

5.NGS At=2| 4

STR #4428 A4S el Bornman S0 A|A3F =
REFo| 71%38}] i) #EA Y (reference sequence) 2] A2t
i) NGS #l=9} A9 119 44 (alignment), i) 7+ STR

Table 1. Adjusted Final Concentrations of Primer Sets for Multiplex PCR system*

Loci Primer Primer sequences (5" —3") Final Conc. (uM)

D351358 D3-PP16-F ACTGCAGTCCAATCTGGGT 0.20
D3-PP16-R ATGAAATCAACAGAGGCTTGC

THO1 THO1-PP16-F GTGATTCCCATTGGCCTGTTC 0.10
THO1-PP16-R ATTCCTGTGGGCTGAAAAGCTC

D21S11 D21-PP16-F ATATGTGAGTCAATTCCCCAAG 0.60
D21-PP16-R TGTATTAGTCAATGTTCTCCAGAGAC

D18S51 D18-PP16-F TTCTTGAGCCCAGAAGGTTA 0.50
D18-PP16-R ATTCTACCAGCAACAACACAAATAAAC

Penta E PentaE-PP16-F ATTACCAACATGAAAGGGTACCAATA 1.20
PentaE-PP16-R TGGGTTATTAATTGAGAAAACTCCTTACAATTT

D5S818 D5-PP16-F GGTGATTTTCCTCTTTGGTATCC 0.20
D5-PP16-R AGCCACAGTTTACAACATTTGTATCT

D13S317 D13-PP16-F ATTACAGAAGTCTGGGATGTGGAGGA 0.40
D13-PP16-R GGCAGCCCAAAAAGACAGA

D7S820 D7-PP16-F ATGTTGGTCAGGCTGACTATG 0.30
D7-PP16-R GATTCCACATTTATCCTCATTGAC

D16S539 D16-PP16-F GGGGGTCTAAGAGCTTGTAAAAAG 0.40
D16-PP16-R GTTTGTGTGTGCATCTGTAAGCATGTATC

CSF1PO CSF1PO-PP16-F CCGGAGGTAAAGGTGTCTTAAAGT 0.30
CSF1PO-PP16-R ATTTCCTGTGTCAGACCCTGTT

Penta D PentaD-PP16-F GAAGGTCGAAGCTGAAGTG 1.20
PentaD-PP16-R ATTAGAATTCTTTAATCTGGACACAAG

Amelogenin Amelo-PP16-F CCCTGGGCTCTGTAAAGAA 0.25
Amelo-PP16-R ATCAGAGCTTAAACTGGGAAGCTG

VWA VWA-PP16-F GCCCTAGTGGATGATAAGAATAATCAGTATGTG 0.15
vVWA-PP16-R GGACAGATGATAAATACATAGGATGGATGG

D8S1179 D8-PP16-F ATTGCAACTTATATGTATTTTTGTATTTCATG 0.50
D8-PP16-R ACCAAATTGTGTTCATGAGTATAGTTTC

TPOX TPOX-PP16-F GCACAGAACAGGCACTTAGG 0.15
TPOX-PP16-R CGCTCAAACGTGAGGTTG

FGA FGA-PP16-F GGCTGCAGGGCATAACATTA 0.60
FGA-PP16-R ATTCTATGACTTTGCGCTTCAGGA

*Each primer sequence based on the information from PowerPlex 16 system without fluorescent dye
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- &kl 41 9] coverage #te] AAY, iv) ZF STR f-1 34l
Ao AR 2 AR o] o] Fo Rt A
Ao AE Hal AAZEA L STR o -f-4A2ke] wH
4l o] 59 ¥ STRbase (http://www.cstl.nist.gov/
biotech/strbase) ZFH 4o, 2+ STRE 5" W 3" W
H A4 (flanking region sequence)< human genome
GRCh37/hgl90l A 7FA Stk Bogh, TR A do] Zol&
500~550 bp= Ao M et primer 23S F3 A

=
AEE et Fig. 1. HFH o2 x5 F

%, STR 999 Mg, 37 FHF AdE 7492 5 %
Microsoft® Excel®?] w|a =2 7]5& o]&3tod #|&ak3itt.
NGS # =9} A dzke] Fde 2524 Linux) &3 A Aol
A Bowtie 29 22138 o] &33ith dojxl A} 54l e] 3
28-S 98l SAMtools” ¥ BEDTool®S <212 0 2 A&
3Tt ZF STR o5 Ael] 3t coverage 2 424
of 4dE g FolA dA| STR F9& E£8sh= 2l=9] =
S Axrso 24 Aot ZF STR Fd sl A i A4
o AL YA dLAANBAAE 2 FAFgA A
coverage #£2 20%, &M B = 1092 71E=4HS 243
S 24 o] Follrt. kel A A4 ¥ 7} STR thgF-31442] 9471

ZEMICH H7IMY 2AH S 0| 25 MM STR 241 | 2238 2 5

AAS vg o7 3k uHE 2 (repeat structure) 2] EHol1&
Integrative Genomics Viewer'? = o] &3}3it} =3t 7+ STR
FrAztelA] dis -2t g ol tigh coverage #42 HlES A}
= W I B4 9 x4 LERL R 7)1 A eI o] (sequence
variation) & €18, 7t 94719 Hl&S dolie WHoR

5’-flanking STResion 3’ flanking
Region (500~550 bp) & Region (500~550 bp)
AT
8 9 17 18
D3S1358 Xy
10 11 19 20
122 13 32 50.2
FGA see ses
13.2 14 329 51.2
4 5 14 15
CSF1PO ses
6 7 16

Fig. 1. Schematic view of STR reference sequences. Long
flanking sequences ranged between 500 bp and 550 bp in STR
reference sequences were designed for complete alignment of
sample sequences that generated with any primer
combinations.
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Fig. 2. Quality check of constructed libraries on High Sensitivity
chip using 2100 Bioanalyzer. Fragments less than 100 bp
including adaptor dimers were successfully removed.

a: Standard male DNA 2800M ; b: Standard female DNA 9947A ;
c: 1:1 mixture
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6. 2M|2 ™7|Y = (capillary electrophoresis)& 0| &6l

STR 24
NGS ARZ2EE dojz JY FF:AE W 111 EFAE9
- axgo] st A A=A sty daia 2A
# A719% 718ke] STR A 0.2 o5 A5 9 ts]-f-at

S dolr gt} o] = 43l 2 DNA A& 1 ng¥ PowerPlex
16 HS system (Promega)& ©]&3 }O% A ZAFS] A A2
PCRE F33t1, 9ozl $% A= ABI PRISM 3130xl
Genetic Analyzer® GeneScan Software Version 3.7
(Applied Biosystems) & ©]&sto HEat3lon, vpA o &
GeneMapper™ ID Software Version 3.1 (Applied
$3ho] 24351,

Biosystems) < ©]

2 I

1. PCR &% M2 E2H Elo|2x{2|2| A=

Powerplex 16 system X E v} 02 Fh|H Zo|HE
o] &3te] 2800M EF WA DNA AlZ, 9947A X3 oA
DNA A&, °1~4 1-1 T EEHE PCR Fystglon,

192~1 95ﬂ HoE gkom 1650~2220 ngdl WY gE =

AES AT WA RocheAtel A AlASE= 2to]nefe)
xﬂ&—,—% Of:s_}ﬂ 500 ng 13, £ 1.70 0] 2.00 W%
7EE TN 1 °f 37} DNA Al 5] 53 Aba 24 H 2ol

B E AZsFSt) Fig. 2+ Bioanalyzers &3 92 2%
Ao AL 7t AR ol el et 7 FEE Ko
ZF11 9ltk 91714 100 bp v]ke] 2 AHEEL 9] Fely

2] ¢k7] wjFo] glo| B ely] A&y v ES o] &3 v
07z Aygo] AeA o7 AAES ghleh = Qi

2.NGS At=22| Alg 8 27 2 MEFE(sequence
alignment)

NGSE 3l 92 2= 77F F 164,46871%1.0.1, o] =2
HitAdo|= 183.64 bpE Lrgkom MID A PS o] g3 A|l8
| W2 B7FE ZaA 2800M A B 5147570, 9947A
EFEAEE 3321370, 0|59 1:1 EFAEE 76,9437, 18]
3 EFER e FEE 2837/% ARt o5 e
2L HEE 3l ZF STR FraFel A dojx ?JE S
gels 4= QI th(Table 2). 15709 STR 3% &
D3S1358, D5S818, D13S317, THO1 A &= T2 HAd 559
vl W 2= =7b dojxit) a8la D16S439, D18S51,
CSF1PO, FGA, Penta D, Penta E, TPOXo|A&= Atjg oz

2

=]

L F

dojl TF AES AR & Foll o]29 wEE ST W A2 guE dled, ols TF A AVl AR 250
Table 2. Read Counts of 15 STR Loci in Each Sample
STR Amplicon 2800M 9947A 1:1 mixture
locus size range All* Entire  Entire STR/ All Entire STR  Entire STR/ All Entire STR  Entire STR/
(bp) STRY All (%) All (%) All (%)
D3S1358 115-147 9470 8743 92.3 6341 6012 94.8 14261 13306 933
D5S818  119-155 9485 8705 91.8 5523 5011 90.7 9347 8531 91.3
D75820  215-247 3676 3476 94.6 1868 1780 95.3 4815 4603 95.6
D851179 203-247 4458 4017 90.1 1967 1805 91.8 3368 3054 90.7
D13S317  169-201 4897 4631 94.6 4060 3868 953 12839 12140 94.6
D165439  264-304 967 877 90.7 708 655 92.5 2497 2361 94.6
D18S51 209-366 739 332 449 1284 546 425 1117 481 43.1
D21S11  203-259 3045 2313 76.0 2996 2525 84.3 4873 3871 79.4
CSF1PO  321-357 291 244 83.8 596 522 87.6 862 742 86.1
FGA 322-444 956 460 48.1 666 255 383 3137 1440 45.9
Penta D 376-441 142 31 21.8 267 56 21.0 403 75 18.6
PentaE  379-474 193 84 435 356 116 32,6 563 309 54.9
THO1 156-195 5503 4620 84.0 3324 2811 84.6 6712 5518 82.2
TPOX 262-290 269 230 85.5 215 183 85.1 679 576 84.8
VWA 123-171 3153 2782 88.2 1014 919 90.6 8565 7649 89.3
AMEL 106, 112 3416 3247 95.1 1773 1741 98.2 2334 2247 96.3
Total 50550 44792 88.6 32958 28805 87.4 76372 66903 87.6

*All aligned reads regardless of the presence or absence of STR region
Aligned reads containing entire STR region
Entire STR with less than 50% represents in bold text
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= L—

Table 3&

ySPNie]

2719) A5 (2800M 2 9947A) S}

2 SH A A
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Table 3. Determination of D351358 Alleles based on Percentage of Allele Coverage in 2 Single-sources and 1:1 Mixture

HolFTy,

o]¢} Z& W o E o= Aol thal

RAICH HI1M

4] 1578 STR

A8k3l o, 270

o ol 5

;5‘_%51—/\] =

oRA]

HS 0|25 AlGAUR STR 24 | 225 2 53

Al o] digfadasE A9 5 Aok
(Table 4). NGS At 525 249 F@x180] 4314 4
25k=A] glsr] flske] 7]E
T2 Axe} vlws)] 2 Ay} AR 9ol 1570
STR Azt A 5 AA8191 L, 1:1 EFAI52] 49 1370
STR 42 (D3S1358, D5S818, D7S820, D8S1179,
D13S317, D16S539, D18S51, D21S11, CSF1PO, FGA,
Penta D, THO1, TPOX) oA+ thfrxatgo] g gatA o
22} (Penta E, vWA) ol &= X814 93k
9] coverage #S EUZ &eld i A3} Penta B9
A2} 125 7.44%, yWAS) 442 182 9.11%=
o] HH 7]_%_@—0 lo%oﬂ

CE 4o 2 d4% STR

Sei=y

P EF DNA AlE9] NGS AR 25H 157 STR

Allel 2800M 9947A 1:1 mixture
e Allele read count  Allele coverage* (%) Allele read count  Allele coverage* (%) Allele read count  Allele coverage* (%)
1" 0 2 0.03 0
12 0 12 0.20 5 0.04
13 2 0.02 217 3.61 103 0.77
14 13 0.15 2868 47.70 1519 11.41
15 71 0.81 2879 47.89 2245 16.87
16 495 5.66 34 0.57 541 4.06
17 4355 49.81 0 4936 37.09
18 3757 42.97 0 3906 29.35
19 24 0.27 0 33 0.25
20 26 0.30 0 21 0.16
Total 8743 6012 13309
Shaded sections indicate assigned alleles based on the analytical threshold
*Percentage of allele coverage (%) = allele read count/locus read count X 100
Table 4. STR Genotyping Results in 2 Single-sources and 1:1 Mixture examined by CE and NGS Analyses
2800M 9947A 1:1 mixture
STR locus
CE NGS CE NGS CE NGS
D3S1358 17,18 17,18 14,15 14,15 14,15, 17,18 14,15, 17,18
D55818 12 12 11 11 11,12 11,12
D75820 8, 11 8, 11 10, 11 10, 11 8,10, 11 8,10, 11
D8S1179 14,15 14,15 13 13 13, 14,15 13,14, 15
D13S317 9, 1 9, 1 11 11 9,11 9, 11
D16S539 9,13 9,13 11,12 11,12 9,11,12,13 9, 11,12,13
D18S51 16, 18 16, 18 15,19 15, 19 15, 16, 18, 19 15, 16, 18, 19
D21S11 29,312 29,312 30 30 29, 30, 31.2 29, 30, 31.2
CSF1PO 12 12 10, 12 10,12 10, 12 10, 12
FGA 20, 23 20, 23 23,24 23,24 20, 23,24 20, 23,24
Penta D 12,13 12,13 12 12 12,13 12,13
Penta E 7,14 7,14 12,13 12,13 7,12,13,14 7,(12),13,14
THO1 6,9.3 6,9.3 8,9.3 8,9.3 6,8,9.3 6,8,9.3
TPOX 11 11 8 8 8, 11 8, 11
VWA 16, 19 16, 19 17,18 17,18 16,17, 18, 19 16,17, (18), 19

Alleles in parentheses represent true allele with coverage value less than 10% of total coverage value

http://dx.doi.org/10.7580/kjlm.2014.38.2.48
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Table 5. Repeat Structures of 15 STRs in Two Standard Samples from NGS Data

A. 2800M
STRlocus  Genotype Core repeat Repeat structure
D3S1358 17,18 TCTA 17: TCTA[TCTG]5 [TCTA] 5
18: TCTA[TCTG5 [TCTA],,
D5S818 12 AGAT 12: [AGAT],,
D7S820 8,11 GATA 8: [GATA]g
11: [GATAIn
D8S1179 14,15 TCTA 14: TCTA TCTG [TCTA]2
15: [TCTA] TCTG [TCTA]12
D13S317 9,11 TATC 9: [TATC]e [AATC]2
11: [TATC]11 TATC AATC
D16S539 9,13 GATA 9: [GATA
13: [GATAl13
D18S51 16, 18 AGAA 16: [AGAAL1s AAAG [AG]3
18: [AGAA]18 AAAG [AGI3
D21S11 29,31.2 TCTA 29: [TCTA, [TCTGg [TCTA]; TA [TCTA]; TCA [TCTA], TCCATA [TCTA],
31.2: [TCTA; [TCTGJg [TCTA]; TA [TCTA]; TCA [TCTAL, TCCATA[TCTA],; TATCTA
CSF1PO 12 AGAT 12: [AGATI,,
FGA 20, 23 CTIT 20: [TTTCl; TTTT T1CT [CTTT],, CTCC [TTCC],
23: [TTTC]; TTTT TTCT [CTTT],s CTCC [TTCC],
Penta D 12,13 AAAGA 12: [AAAGA];,
13: [AAAGA]; 5
Penta E 7,14 AAAGA 7: [AAAGA],
14: [AAAGA];,
THO1 6,9.3 AATG 6: [AATGIg
9.3: [AATG]s ATG [AATG5
TPOX 11 AATG 11: [AATG]y;
VWA 16, 19 TCTA 16: TCTA [TCTGL; [TCTA],, TCCATCTA
19: TCTA [TCTG], [TCTA],, TCCATCTA
B. 9947A
STRlocus  Genotype Core repeat Repeat structure
D3S1358 14,15 TCTA 14: TCTA [TCTG], [TCTA];;
15: TCTA [TCTG], [TCTA];,
D5S818 11 AGAT 12: [AGATI;,
D7S820 10, 11 GATA 10: [GATA]q
11: [GATAl,
D8S1179 13 TCTA 13a: TCTATCTG [TCTA],
13b: [TCTA];
D13S317 N TATC 1: [TATC];; [AATC],
D16S539 11,12 GATA 1: [GATA];;
2: [GATA];,
D18S51 15,19 AGAA 5: [AGAA] s AAAG [AG];
9: [AGAA];5 AAAG [AG];
D21511 30 TCTA 0: [TCTAJs [TCTG]5 [TCTA]; TA [TCTA]; TCA [TCTA], TCCA TA [TCTA];;
CSF1PO 10, 12 AGAT 0: [AGAT];
2: [AGAT];,
FGA 23,24 CTIT 3: [TTTC); TITT TTCT [CTTT];5 CTCC [TTCC],
4: [TTTC]; TTTT TTCT [CTTT],¢ CTCC [TTCC),
Penta D 12 AAAGA 2: [AAAGA],;
Penta E 12,13 AAAGA 2: [AAAGA];
3: [AAAGA];;
THO1 8,93 AATG 8: [AATG]g
9.3: [AATG]s ATG [AATG];
TPOX 8 AATG 8: [AATG]g
VWA 17,18 TCTA 17: TCTA [TCTG], [TCTA];, TCCATCTA

18: TCTA [TCTG], [TCTA],; TCCA TCTA
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Fig. 3. Estimation of mixture ratio based on reference/variant ratios from observed sequence variations in D13S317 locus. The
sequence variation of adenine (A) to thymine (T) was detected in 3~ flanking region of D13S317 locus. Mixture ratio was estimated

10 46% (A) : 53% ().

a: Standard male DNA 2800M ; b: Standard female DNA 9947A ; c: 1:1 mixture ; d: Mixture ratio

http://dx.doi.org/10.7580/kjlm.2014.38.2.48

http://www .kjlim.or.kr



56 Korean Journal of Legal Medicine | 2014;38:48—58

i

izt

NGS ¥HS o] g3 STR #4348 #4-2 STR 5% 4H&E
o] 73, etolu e A& tie] V1M E A, AR A
g o7 ool E Aol M= Husl oA CE 7]
W] 2 Aa) STR FA4 o AHE-5l& PowerPlex 16 system
o] xzgto]v] HJHEF o] gato] ths5FH PCR AIARS 75
I EF DNAAEES o R T AHES A s NGSE
Ae Atz BAEI) B A= ojg] JgAME B
3 Hysk STRS Ao 2 NGS 7oz B4 uhya)
H] 523k Van Neste 59 31 A 5704 = 97)¢]
STR #4155 #4984 9li= 838% STR 7| EE o] &3}
o AR W EFA R g TF AMES FH|skL NGS
RS SR o7 E FFuAAE F-3 zetoln
£ IR ARSI, ARFES NGS 4 d3E e
(forward) W W3k (reverse) 0.2 ]2 = =& o7} A

A Ve S glglon, o] Zlo] FFuA|ate] g A
o7 FZ5a3it o] Wigol & Aol A & Van Neste 59
A A7 9 FAEHA 1570 STR 542 el el &= 4}
7} F-2tE 2] 2 xEto|wE A3l thESE PCR R o®
FE A2 F0)3k Thik ThE NGS 119 GS JuniorE A

-

£3

gholBele] A2kE 93l Roche AbollA #at= W 1)
oA A %iTJr F3 Eo]& MY (template specific sequence)
1 Zgfo|v (774 ZEko|H; fusion primer) & ©]
AHEE AABAY, i) 4% 3 DNAE 2>

AR o7 e 34 (AH 3} fragmentation) & 533 & o]
HHE 2ol Wiolth A AR 74 o] E o] &8t

WL o) defl TF AR g} glol B A|2kE FAlef %
gst7] Qe ARgEl 2 Ao] Sk sARE TF Ak ARk
OF NEA GA E33la, ool wEk NGSE do7l % 2
F7F AA ygkor, A7 & %%Jroﬂxi i f-dz-go] 4gs
A AR A k& 971 BTt ohtE Aojl Zejo)
7} AHE 917) wE] PCR g0l A 9] & g-go] Wojslu
w3 o]o] WaH o HA PCR eAlol A J&e 713 2o 7
AZhE] o] £ Aol A= ARSEA] ookt F WAIE DNAS
A3} 5} WS A3 544 (whole genome) 2 W EZE
2o} DNAS} Zo] Zol7} 71 7% glolud gl & Al2sh=
W 0 2 ThEEE PCRS E38A] 100~450 bp Y9 %
AHEE AFTro ZA o] Fo A= STR 4ol = A dah] ¢
okth ANk o] 3 FE AHES o|v] AR} gud F
Ao R 7Hsta o] Y E F38 T3t glo|ne] Alzs
FA AT HOZNGS AR E A E 4 3Gt AH o g
71E9 5% PCRY W4S It FA8haA 99} o]

Ry

iﬁ;lﬂj

J

http://www.kjlim.or.kr

glo| B2 & Aldtet= W ‘%'JﬁriﬂL Foko A NGSE Fdt
STR frAdzke] Aol wi-¢-

1571 STR -3zl tisliA NGS }E-E— *@*éé‘ i, Er“
a7t st g el By s
A 931 5E AbE ] A7]9) vl 0}01 "PE}"PL o] #y]
9tH(Table 2). WAIE 250 bpE 7|20 2 o] AR Z=Z Ab
EO] A wrEo A= Al s el 57 BA vghA
g A o= e disiAe gE g Ao s A
A Dot 53] 300 bp ©1’de] 5% AbEo] YA HE=
D18S51, FGA, Penta D, Penta EdlA+= E& 2= (Al 9]
T AA doRE Bk op} o]F FollA AA STR 992
¥38sl= 29 )& (Entire STR/AI) & 50% 17O 2 &l
ik £ o= NGSE $3l PowerPlex 16 system?]
Zto]n] YR F o] 331 7] wlitel| o]e] mE % AL A
715 106~474 bp2] AL E §A VEpAl et o]y st A=
& 1 AAHORE FE AL A7]|E FolwA Kt
T HelelA o]Fo] A 4 SIA giokd, ZF STR 4}
npth A 2|20 5 QA FOEMN A FA A T A1F

= 7 S AR o Ent webA NGSell # 4 8k€ STR
A7) AalM = AER A AV Fes Ao
E Er} 5gh GS Junior Y] o]9]ol] ThE Al HAE AL
{38l= 32 MiSeq (llumina Inc., San Diego, CA, USA) ¥
Ion Torrent PGM (Life Technologies, Carlsbad, CA, USA)
M E s e Sl o e gEe] Horh A
2 Aoj2) a1 Q)7) wiszel o]y st oM E A A8 &
W= A 874 Aot

GAA g 9 111 EFAEE NGSE E8 STR 4

= 2 dojxl Aze} v wEkals
ol A= EE STR Aol A cigfradatddo]
I3 13 o] Y& STR 3%} (Penta
E, vWA) oAt CE A 02 A2 tg-H-34-3 2} NGS

X
qe o

M
1%
iin)
_E

n U o

Z}5] o] /ﬂi A 2] &}A] k= Alo] Eoly]

ol& frazlelA Z sh o] -4
X}J coverage %}O] ATellA G 278-& 28l A2
A3 7)157H10%) v]2ko 2 k7] wioltl, 12|l o)E
O A 2ol A = stuttergbal AAA = dHFA=H]
coverage #HR.UH= FA Ugl7] wlZell Aol A o] & vl A
ot A2 A4 gk Adsioith o2 NGSE o] &3
%“L’\]E«] STR A M= dH-F-A2E A4S o 919 2
& AL aEste] A Aol eF{7F YIEF AAsE 3o
e A0F 2,

NGS 71" 2= STR g F-34Fe] vbE3 274 2 47]A
gwio] 9] o] 7l53te (Table 5), st F 719 Y %F
A1 F(2800M# 9947A) ol A 37141 2] EA S &elsk 4= 9l
th A AAE o el 22 ol diHFAAE B

http://dx.doi.org/10.7580/kjlm.2014.38.2.48



r-{m i
1%
o
ull
N
I
1o,

% 97149 e
STR U S o A & 82 A4, e

A EeA NGS #4123 En&2) 34317 4]
3l STR o5 -3zl st coverage k] HIEE Goprl =1
HE A ’% ] Aojx A} gho] Atslar Q)= v]&3} o}
o] gelE] ik, FolahAlE 2800M2} 9947A0]
HFAAE Eelato] coverage w2 XAk
OX] R, 28001\/[ el o

é_‘

%M A Emow epdeh (4

= A ). %HP o2} D13S317 el A e 9471
Mdro]25g ofdldt E|RIe] 5 FAFSH] ERHEE
FAT 5ol M= 2800MellA e Ejulo] o et wol

Q= o] BEHITHFig. 3). o]ef e LS Lobr 7] ]3]

A CEE &8l 8- 111 T3A =2 29 (profile) oA s+
Axke] 1A (peak) EolE FAbste] E3ES FHMNEY
E} CE Ao %= NGS 2o} nix7HA & 8% Al 5.9 9

TARTY edrt wo] Ytk s & 5 AATHHE Al
Al ). CE 9 NGS 71‘%’3L TEHOE Y A EEHYH
PCRE BallA T3 AbaS 08k 2o f\] 2}, o] 71 0.
2= 99 2 f?i’%}% PCR 2Py ol A]
T 1) FF g8 Aolgte s nFo] e 5 qslHh
mebx] NGSE ol &ste] £3|&E F4sh= 4-F-ole oy
A Fo] agste] 4o] o] Foj ok & Aot

£ o9 9 Bornman 579 dFoM = 2719 GAARE
o]-g-ato] “1:17¢] H]gof thefAnt NGSE &3t #4415 73
sttt ol g A= gojxte} HaiArt 247 g o
JE AR el A Aozl AR E sl sk 4 8-=
Aot} sHARE FAIYE & F 3 WO AlFoA B HjER
LreRdThA A48 djAlo] ofe] 9 7 Stk whebA] AR |
oAl dojA= AR AAAR S-S aEst] fsliAe
‘1117 227 o)9)el| = F o vheke v &R EFE ARE U
o5 gaARl AR A o] o] Fol A =A] A F a7} Sl
Van Neste 5 & 4719 AJ225H “10:20:30:40" ¥
“03.40:5:1:0.5:0.17 9] v & E T B E W50 NGSE E3
A o] o] &3hdTh? o 7|4 Aol AFEH FH A 7)EE 0.5%
7 A7) mito] o2 0 7= 197 EAEH= A7

http://dx.doi.org/10.7580/kjlm.2014.38.2.48

AoAAz| STR 24M | 223 o 57

N
=
=
2
N
x
Hr
1x
i
o
=l
]
r&l'

s, A A o % 5% o407 EAEH=
A= NGSE o] &3t &

g & ANAEY J ‘449 FIA}(minor
contributor) 256 &] Y -F-A28 Frp v v]&74A] (11
7+ % sensitivity) ZFJL’ %U}‘/‘r A&t (5ol &,
specificity) HES 4 A7V & Yot b T3 YRS
A gk o7 Hr} oo 7 o] 16} AT A= NGS A& 9

4L Fal STR UA4a43E 29ek o Be3owH
ojz1 429 o] FBHaA o] Fod 5 YES weslof
#0% By

o
2 ATl AAH NGS A7 $HY Ao R FENAS
AH ARG A YN F2 AFEEE STR FH5]

WA A S AT 5 S AR WS ANE
Stk o) el thE ATAE] <3 e STRE #A sk
bSTR 22 T9E B3 vh ek sAwh 3 AFolA] A

A% 240 [0bSTR L2 19E AH & it 344 2
g HYTHAR A 8). B ATAN AHgH RS B
WohaL WA 39 mize] A AHgAHEe] 2717]
S 0.2 AR, o)l A% A4

l

y. rlr r

R

)

P>
i
)
) r-lo
o
E
o

A0 Ao %%Q 7/1.0_2 *ld ZFgltt

B oo = P EFAIE BAAE 9 o529 A7
& O ® o st Mo NGS #4& Sall 34 o® 9714
A AEE AT T ANS BNt ole} o] F AEEFEH &
Al STR 415 348 4= qlgich ol s w2 Had
ol A e A5} A G-of7F B szl AlA AHFH S A
29 A YA & s LsHA 282 4 Qe Bhole) e
k. w2 NGSE o] 43 STR ¥4 Ho] A3y BA4 =
Aol A B} 2437} o] FoZIthA 7] 2] CE 7|9k o]
7= 58 A AT EZN et okl A 7]E W
I A F7HARQ MRl g 8-Sk AME- E o Qe HleR
gy,

Acknowledgment

2 ATE YA GS Junior FH] Aol B2 A1 7
22 DNA A3 gz} o 8874 ZA=F YT

o

D2

1. Thompson R, Zoppis S, McCord B. An overview of DNA
typing methods for human identification: past, present,
and future. Methods Mol Biol 2012;830:3-16.

2. Kayser M, de Knijff P. Improving human forensics

http://www .kjlm.or.kr



58 Korean Journal of Legal Medicine | 2014;38:48—58

10.

11.

12.

through advances in genetics, genomics and molecular bi-
ology. Nat Rev Genet 2011;12:179-92.

. Berglund EC, Kiialainen A, Syvanen AC. Next-generation

sequencing technologies and applications for human ge-
netic history and forensics. Investig Genet 2011;2:23.

. Metzker ML. Sequencing technologies - the next genera-

tion. Nat Rev Genet 2010;11:31-46.

. Cho IS, Blaser M]J. The human microbiome: at the inter-

face of health and disease. Nat Rev Genet 2012;13:260-70.

. Bamshad MJ, Ng SB, Bigham AW, et al. Exome sequenc-

ing as a tool for Mendelian disease gene discovery. Nat
Rev Genet 2012;12:745-55.

. Ozsolak F, Milos PM. RNA sequencing: advances, chal-

lenges and opportunities. Nat Rev Genet 2011;12:87-98.

. Meyerson M, Gabriel S, Getz G. Advances in understand-

ing cancer genomes through second-generation sequenc-
ing. Nat Rev Genet 2010;11:685-96.

. Laird PW. Principles and challenges of genomewide DNA

methylation analysis. Nat Rev Genet 2010;11:191-203.

Van Neste C, Van Nieuwerburgh F, Van Hoofstat D, et al.
Forensic STR analysis using massive parallel sequencing.
Forensic Sci Int Genet 2012;6:810-8.

Rockenbauer E, Hansen S, Mikkelsen M, et al.
Characterization of mutations and sequence variants in the
D21S11 locus by next generation sequencing. Forensic Sci
Int Genet 2014;8:68-72.

Fordyce SL, Avila-Arcos MC, Rockenbauer E, et al. High-
throughput sequencing of core STR loci for forensic genet-

http://www.kjlim.or.kr

13.

14.

15.

16.

17.

18.

19.

20.

21.

ic investigations using the Roche Genome Sequencer FLX
platform. Biotechniques 2011;51:127-33.

Dalsgaard S, Rockenbauer E, Buchard A, et al. Non-uni-
form phenotyping of D12S391 resolved by second genera-
tion sequencing. Forensic Sci Int Genet 2014;8:195-9.
Scheible M, Loreille O, Just R, et al. Short tandem repeat
sequencing on the 454 platforms. Forensic Sci Int Genet
Suppl Ser 2011;3:357-8.

Bornman DM, Hester ME, Schuetter JM, et al. Short-read,
high-throughput sequencing technology for STR genotyp-
ing. Biotechniques 2012;0:1-6.

Langmead B, Salzberg SL. Fast gapped-read alignment
with Bowtie 2. Nat Methods 2012;9:357-9.

Li H, Handsaker B, Wysoker A, et al. The Sequence
Alignment/Map format and SAMtools. Bioinformatics
2009;25:2078-9.

Quinlan AR, Hall IM. BEDTools: a flexible suite of utilities
for comparing genomic features. Bioinformatics
2010;26:841-2.

Robinson JT, Thorvaldsdottir H, Winckler W, et al.
Integrative genomics viewer. Nat Biotechnol 2011;29:24-6.
Van Neste C, Vandewoestyne M, Van Criekinge W, et al.
My-Forensic-Loci-queries (MyFLq) framework for analysis
of forensic STR data generated by massive parallel se-
quencing. Forensic Sci Int Genet 2014;9:1-8.

Gymrek M, Golan D, Rosset S, et al. lobSTR: a short tan-
dem repeat profiler for personal genomes. Genome Res
2012;22:1154-62.

http://dx.doi.org/10.7580/kjlm.2014.38.2.48



