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NAFEEZIE, MMADRESTHEEER. IBRERENAMIONNE, BINAKEESTEE
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BEItHAMS, XENEEESTILUTM STRIREIRD. SNPIREIRC. mtDNA & mRNA FHiREIRIC
BE. A, WREFAIRPBOSEEIRCONL. BRI PEAZSNEFROUBIFE .
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SR 2 S AW A5 2 N o N BT 1
B, e RFAIF N GO BE g et . SEARSA . T
AT R R W URSR, T R AT E
( Massively Parallel Sequencing, MPS) FAH ()45 —
AR 7 5 A (Second Generation Sequencing, SGS )
IRFRFT—1 R FFH2 A (Next Generation Sequencing,
NGS ) NEIBTiAE . HEESE AR P BB & 19 SGS
WP 3 3 AR T AR RERR I 7 5L Roche 22

FIHEH Y 454 SERIZLIFAL T | Tlumina 23 7]
AR T8 A0 e I R ) umina WFEEE - LU

FESTH, FEHEKEAURTHR (BH %S
2018YFC0830400 ) .

[ 1] Rothberg ] M, Leamon J H. The development and
impact of 454 sequencing [ J ] . Nat Biotechnol, 2008 (26) :
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[2] Bentley D S, Balasubramanian S, Swerdlow H, et
al. Accurate whole human genome sequencing using reversible
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J% Thermo Fisher Scientific 2\ F]4fE H AL T2 7Rk
S A DNA T HAR A Ton Torrent MFF-55 1,
HE—MFHAR (Sanger Sequencing ) AL, 55—
RIMFFHARTEAR T Sanger I FHEAE Z31 H A =10
Bt RIRHR S T E A 58 AR
MFHA ( Single Molecule Sequencing, SMS) HHE,
B AR PP B AR B AT 1 BAS B [ o 00 e 15 AR A
ik . HAr, T ii%is %R, Roche 2 ]
A 454 WP AGER 11178, Mlumina - 6 A1 Ton
Torrent *F- & BUA 4 48R ¥ i 32201 SGS
Fetf, TEEBR AU R 7 i 2 AT
FEING . A TSGR SGS I FP-F ARGk B 38 A A
TCAIBIFTE R R K UL 4 07 381k S 2 T ) SGS il
PG AR,

Pk 43 Br B, 33 st A% MR OEE B R 38t A B g
( Genetic Marker, GM) . H B 4~ 1K 45 5 4 19
AT BR 0 BRI 5 43 A R U B A AT A AR
S &I E e 1 < o7 N Ve o K R VAR N i LB €3
PRid FZEA LT =2 (1) mBKEER T
(Short Tandem Repeat, STR) , & — X F 1 T
NFEELHZH DNA i 2 ~ 6 R A Lk
S 2 R DNA JF 41 1 o STR 4 D A AR 4l
3 A Y e €A BT 43 O R Y € 1 STR R [R] JE
(A-STR) . X Yfafk STR JE[H J# (X-STR) °
Y e A 0K STR BEH  (Y-STR) "5 (2) H
¥ MR £ & P (Singlenucleotide Polymorphism,
SNP) , & NS HE R A AR e o7 s b RS B A
BIRYAR S5 o R B A 4T SNP 38t % b i vl &

5% KA AR B SNP (Individual Identifying SNP,
IISNP) ° . fHE{Z B SNP (Ancestly Informative
SNP, AISNP) " | & 7 {5 B SNP (Penotype
Informative SNP, PISNP) "' | Y-SNP' """ %5

—. N H SGS AR EZEEEEHRD
il R R SR AR

A Y B AL PR D AR B T A R
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(3) H-E, Re e % 20 218 5 vk o A7 Al /Y
mtDNA ' L& mRNA 4§,

(—) STR #EHRIE

M 20 fiE20 80 AFARE S, AKEENA Tz
FETERI I A DNA X, Bgpc b Ry 5 s
( Simple Sequence Repeats,SSR e ER B B & ( Short
Tandem Repeats, STR) , JEHZLOFH]2 ~ 64
B3 ZH R FR X EE A DNA P51, STR F 4178 A2
FNH G 5% Zifi, P95 6 ~ 10kb il B —
A~ STR g, Hrp K2y —PHABE 28,
D34k, STR & AL/ A4 R A 6 > 55
P LRI AE R BE b 25 5 /N FL W S50 S TR (RIS FR A 25
SEYHAR A, RS T PCR 91 Ok B2k
FONH U —28 DNA tHEPRIC. HETRE NSNS 3
PR 2F ARG DNA B8l 2 BRI ¢ STR SEK g
SEH. HI, SGS B TR AR VL B S AUEE )
FHBL T RE X X —J B AR iC #EA T I P A, SR
MZEH SGS B AN FHF STR FEFH FER M A LU R
[ R R ZEff e — R &I 1 A R
STR JE N Y M TR EEBSE R, RZHL SCS M7
VB AN RE SE A0 R HAR I A 7ok . R
DNFISE B bE 0 2 S A B 22 1Y SR A0 e B Bk T
JESE B A% PSRRI (40 D21S11, FGA 5§ )
MG BAEE IR, R A AR
5L H. STR 43 BUUER (14 AR A7 0 i, FEdis ik
BT b, AN[E A A5 A0 81 2 fff STR JE

KU TE N 2%, A A= A5 A A R oA 4R L A
[ STR 4354, B EIES P IE R, b
TRt R R ] A ) 2 A A B . DU AR
RN, PR T STR JE K
ZEMNAR TR K E 28T I 280,
X STR J [A] Ja v HAT K B — B H 5 5 2546 15 A
— B0 [R) S50 i PR Al i 44 2 I SGS Y 4L
KGN STR 35 R J88 301 V) 75 2 A DR i) (R, i 25 00
7 5 H AR 12825 DL R BERHIE A B SGS il )7
AT RTINS ) IR T R,
KL 2012 48, 1 Bornman DM 28 A 1% 13 4>
CODIS #%.C> STR H K 741 Z2 8P 1 lumina
GATL I 7 {3 A7 W0 5 iiF 9, L4853 13 4
CODIS #%.0» STR FE [K g i) 2 A8 AL L K731, 3
HRMIESE T SGS PP HARTE STR kPR JAE G v )
#. ZJa, Mumina 2 @) 8 &R X Miseq M 77 F
G 5 A ARG PR &, U0 PowerSeq™ Auto
System ~, ForenSeq™ DNA Signature Prep Kit °
JeHR IR B AT LAR] BRI 2 200 -8 EhRi
1185 Z st £ F5iC ( Amelogenin, 27 4~ A-STR |
7 I~ X-STR. 24 4~ Y-STR. 94 > IISNP, 22 4
PISNP FlI 56 4~ AISNP) , /R T SGS ¥4 A 7E
12 B 2 U i Z2 N I D7 T, T A Sz e 1R
SGS M F &5 7547 STR 3 KRB W 7T (0 e #. MAME
Bl SGS MFFHANWI 5, FIH SGS ¥ HAR
I STR K& PA J38 25 Bz
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study on parallel sequencing of STRs, amelogenin, and mRNAs with the Ion Torrent PGM [ ] ] .
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( Z) SNP ®miEfrid

PR Z A ( Singlenucleotide Polymorphism,
SNP ) s NS A 4 vh o3 A1 e )1z 1 Ao B A
bR, HARESE, PCR =i Ll K
FH T R MRS BA R DU S5 45 a5 i B 2 rh B iy WL
—RK LB, 5 STR FEFEM L, i %
P 5L SNP BB HRIC T & 8% 15 B A i L A
ZAEALEE Y STR BAEARICAR, DI Z 854
B SNP 5 AEARIC YU BE 1 WA T B> 2255400
L STR i fEhRic. (A2 507 FE A SNP 5%
FRicfESEF A oAz B2, T DL
RN T 22 1Y) SNP L hnic, A Reil 2 AR5
FISEG I E TR . ok SNP BB FRIC 1k BE 27 i
RS EZER 0N (1) ARSI — R
MASE B35 DR, XA Wbt & B R i
STR & [R] Je 461 TG vk AR A5 56 & 1 43 BUE 2., T
SNP B AEHRIC B K A FE A TREE A8 5, it
(5| 4y P RS S AR S X R T A5 81 #5065 19 PCR
PR, WSS Tk R A . A
L 51 SNP (Individual Identifying SNP, TISNP)
febric, TEARFBHRE AR SHERE ., ¥
F B (GlR <200bp ) BERE BB KR

5% A1 STR 2 [R]J8E & 2B 3% B S 0 A5 4 , ZEDRIIE
TR AL AR IC 0] A Sz P ) s AR T st L 4 4
25 5 %} TISNP 38 f& r i 1 & A9 52, i TISNP 41
A 18 T A A M X B, R 7E 2006 4F- Sanchez
JIPBA " B &S “SNPforlD” 3315k & 5 75T
AT FHT DNA 0870 SNP AL RICH I s, 8@
i SNaPshot 43 AR ¥4 # 1Y) 52 4~ SNP 38t 1% b i K6 )
F&, Kidd KK BIBA * & F T HFA A5 SNP
BAEARIC AT bR e . BlJS, ARE LR A FH e
2211 SNP A0 (4 AG I A4 2 [] Fsf 448 e A 0 - B
TG T —2 AR AR RS
AR BHEE T LR, RETEEITG
N SGS WP+ AR SNP 8L 4RIt i H A5
A B AR TR A A g ge 0 0

UOAE 2017 4E B GUO Fei Z57E MiSeq FGx™ & |
%} ForenSeq™ DNA Signature Prep i 7 & ( £ &
Amelogenin .27 1> A=STR .71 X-STR .24 /> Y-STR .
94 4~ 1ISNP, 22 /> PISNP F1 56 4~ AISNP) 3 17
BGAIE, 4553 W8 DNA & 2K E 200pg, RIAT 3575
4B SNP 7 s A SE AL R A3 BUZE SR . R MEWTRE A
HFP R, 1E & T SNP & bric B kR As
K RASEALLE 10-10 ~ 10-8, FHIfiA L STR
WHEARMCHE 5y £ ARE RS e S . I R RE L I

[1] Sanchez J J, Phillips C, Borsting C, et al. A multiplex assay with 52 single nucleotide polymorphisms for human

identification [ J ] .

SciInt, 2006 (164) : 20-32.

Electrophoresis, 2006 (27) : 1713-1724.
[2] Kidd KK, Pakstis A J, Speed W C, et al. Developing a SNP panel for forensic identification of individuals [J7.

Forensic

[3] Fordyce SL, Mogensen HS, Borsting C, etal. Second-generation sequencing of forensic STRs using the lon Torrent™ HID

STR 10-plex and the on PGM™ [ J ] .
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Forensic Sei Int Genet, 2014 (12) : 38-41.
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Forensic Science International-Genetics, 2015 (19) : 1-9.

[7] LeeEY, LeeHY, OhSY, etal. Massively parallel sequencing of the entire control region and targeted coding region SNPs
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[8] Jager A C, Alvarez M L, Davis C P, et al. Developmental validation of the MiSeq FGx Forensic Genomics System for
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52-70.
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Ty 1L R A R AR I VR A SNP 38 A FRiE AR M A5G
{# E. SNP (Ancestry Informative SNP, AISNP) &
fhRic. AISNP 3 A& ARiC ok 7 W0 AR AR (14 41
EY S Yoy T A 1 = S LSRN T o7

VL 24 F MR e A A T A 800 AISNP i f&4ric
KR Z . 2011 4F, Kidd JR HIBA " A T —
AL E 128 A AISNP 7 5 KGR 22, m X6
AER 119 D AKBHRIATINUE, 2016 4, 2R HE
0 R R—E 27 A SNP 7 A5 ARG I A F A
XFZRE. . AEPNFIRRIN ABE A T IX 3 o Z 5, 2019 4F,
SRS M T AL 18 A SNP 7 A YA I 14 2
SEOMVER X1 b 200 2SI DN R A o 30 Ao A [ AT e 7
AR AISNP 8L bR e - 2 7 A S R4 2R

ShAFE AR A ) o St R Bt T — A R A
Br, =& DNA B 5 M RSERIE, 52 A1
)R AU(E B SNP ( Penotype Informative SNP,

PISNP ) A& hric BEim it W AR 1) R A5 8 %
R IR AR FHE E . 2010 4F Walsh S FIBL 44
AL 6 4 SNP 7 5 1Y TrisPlex 258, " TIX
43 DNA B IR BRIT IR (0 (W6 - Fifa)

HRZREEFAMGEININENE (B LR
BRRE) , BMEZ TR SNP i fEhric t AR fE
% o B 1 52 0 DNA BRE 3 (R AUE B, RIE D
I, VEEEEEE X — R ks, A
PR B RGER . (2) EEXR
e NBRIEHFLIh &4 300 2 J5 4 SNP i,

PG B BEA I R U8 221 SNP i i, wiiAT B T ok
GRAMYE o X R EZR A SNP A
RUFIE A BEATRE I, 17 SNP A5 i 3% Bt 1%
AT A EE A 1 G AR SNPIBHERRICZH A T AL
SNP A% RY AT Sk 68 22 1) SNP (L5, A7 B T8
GRF . LW ZKRERHE. 2010 4F Ge
J AR AR 22 %W Y @R L IREE T 253 4> SNP
FE R IX Pk Bl SNP FRAG T AE e SR G OC R TP Y
YR, 4R W] SNP LA R X B n] $ fit LE A
SNP ji & bR ic 3 2 i 8 405 BA B TR LR
WerE, M5, Morimoto C % ° 3T ICS (Index of
Chromosome Sharing ) F8EUFIFAL 7 174254 4~ SNP
77 15 /) Human Core—24 Bead Chip 5% 2 )2 44 5%
GRR, BRERX S BNELERAI K
AMEEATIX . 2018 4F, HETFRHAE SNP i hn
ORI FARERE R B 7 BT TR ) R B O S 5
AR AR SR, Mo SK HIBA T &R T —4
£ 55 472 > SNP L RS AR 20T 1 TR 4 C &
HISERE, i SNP i s N T S 2R Ok R P AT
JIRYRSIN T H

(=) HMgRfEFRic

B 1T bR TR s e pRic Ak, SGS M H AR
i AT AR ARG A i vk B st AL bR i, i an ik
AR (MH) , A MH AT LUBRYOI T | Be
Rl 3 A4S Ko DL S50 B R 1 067 s iR L, RS

[1] Kidd J R, Friedlaerder F R, Speed W C, et al. Analyses of a set of 128 ancestry informative single—nucleotide
polymorphisms in a global set of 119 population samples [ J ] . Investig Genet, 2011 (2) : 1.

[2] Wei Y L, Wei L, Zhao L, et al. A single—tube 27—plex SNP assay for estimating individual ancestry and admixture from
three continents [ J ] . Int] Legal Med, 2016 (130) : 27-37.

[31QuSQ, ZhuJ, Wang Y J, et al. Establishing a secondtier panel of 18 ancestry informative markers to improve ancestry
distinctions among Asian populations [ J ] . Forensic Science International-Genetics, 2019 (41) : 159-167.

[4] Walsh S, LiuF, Ballantyne K N, et al. IrisPlex: a sensitive DNA tool for accurate prediction of blue and brown eye colour
in the absence of ancestry information [ J | . Forensic Sci Int Genet, 2011 (5) : 170-180.

[5] GeJ, Budowle B, Planz ]V, etal. Haplotype block: a new type of forensic DNA markers [ J ] .

124: 353-361.

Int J Legal Med, 2010,

[ 6 ] MorimotoC, Manabe S, Kawaguchi T, et al. Pairwise Kinship Analysis by the Index of Chromosome Sharing Using High—
Density Single Nucleotide Polymorphisms [ J ] . Plos One, 2016, 11 (7) .

[7]MoSK, RenZ L, Yang Y R, et al. A 472-SNP panel for pairwise kinship testing of second—degree relatives [ J ] .
Forensic Sci Int Genet, 2018 (34) : 178-185.
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FRHAE . KRAMEG 55 AR A B BE 212 W (—) Mumina MFFE
SRftEEnstsnE - o 0 T S R R AR L e A

K mDNA BAHEAE R " L mRNARIE ©iSeq FOx™ M 4 5 Mlumina 23 7% [ 14X 5
T UK AT BA H AU SR A SRR A R R 1 P 22454 AT 00 SGS T F 4 L T/ B B SR
X Z RS AR G B R, W STR-SNP B & 54 hilF (SBS) R A, HoR 0 2 H
BAERIC, AR A I 2 S0 28 70 275 7 il B A2 11 T 1 7 e K 5 - B v 4 e 5
A RRE AL AL RIC KA 2 . B A SCS DNA BORAE LS. T RASIF IR P R L
I B A AT LA TR] i AG ) 22 Ff st A e, gl A 1Y PR L FLE A NTP (AU =
DL, $RTF T X BEGE AL bR L TR 1k B 2 Ul 14 BETR ) , ARICBI7E  BL A e DT T SR A
Hieds. MRAP S, HHARM P EARMIL, KRR TS
o R o pe e B BE b T A S 1], DR RREAR T 00 5
— T B R A 20 ik B 5 S PR, AT SR Bt SR L A A s
SGS WFFE B R TR ARSI A
WA E R SGS P55 MR I e i R [F)RE AT AR T o BEERSHER NI e, I LT
B AR 2R G, DGRBS/ R TIPS R RS, SEE AR, MPS £
TEMBEAGEI . ASCARHILPBER T WY STR S35 5 B T8 Beas 2008 20
LB EGU SCGS MFFF- 6, B H R AR AR $2IL T CE 5 MPS Bl Joa e . MPS Hdlafy i
24 P R O T SRR P B A 2 G T 2E, RERIEAE 5y
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69.
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[3] Kidd K K, Speed W C, Pakstis A J, et al. Evaluating 130 microhaplotypes across a global set of 83 populations [ J ] .
Forensic Sci Int Genet, 2017 (29) : 29-37.

[ 4 ] Turchi C, Melchionda F, Pesaresi M, et al. Evaluation of a microhaplotypes panel for forensic genetics using massive
parallel sequencing technology [ J ] . Forensic Science International-Genetics, 2019 (41) : 120-127.

[5] Chen P, ZhuJ, PuY, et al. Microhaplotype identified and performed in genetic investigation using PCR-SSCP [ J ] .
Forensic Sei Int Genet, 2017 (28) : el—e7.

[6] Chen P, Yin C, LiZ, etal. Evaluation of the Microhaplotypes panel for DNA mixture analyses [ J ] . Forensic Sci Int
Genet, 2018 (35) : 149-155.

[7] Kidd K K, Speed W C. Criteria for selecting microhaplotypes: mixture detection and deconvolution [ J ] . Investig Genet,
2015 (6) : 1.

[8] JustRS, Scheible MK, FastS A, etal. Full mtGenome reference data: development and characterization of 588 forensic—
quality haplotypes representing three U. S. populations [ J ] . Forensic Sci Int Genet, 2015 (14) : 141-155.

[ 9] Kakuda T, Shojo H, Tanaka M, et al. Multiplex APLP System for High-Resolution Haplogrouping of Extremely Degraded
East—Asian Mitochondrial DNAs [ J ] . Plos One, 2016 (11) : e0158463.
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Hrift s DNA FEAS . mtDNA 5 J5iPEal STR 1 SNP £
PEas R, Hav, Verogen NGk Ol MiSeq FGx™
FEEHERT ForenseqTM DNA Signature Prep §7 %1 =
LI B ForenSeq™ Universal Analysis Software ( UAS)
AR BT, 2017 4, Guo Fei BIBAXTZIA &
BT MiSeq FGx™ P15 47 T BE2£56TE; B
J5 2019 4, Wu J 45 AR e Seprag i
TS B R EA TN P AN . A OCBIF ST 2 2R
W F orenseqTM DNA Signature Prep 171 & S MiSeq
FGx™ W53 18 FH TR B 25T

( Z) Ion Torrent PGM F &

] P R 3@ 43 P A9 Ton Torrent PGM -6
MO EA S A E BRI, BRI
Y B SO B, 24 NTP Fl DNA B 456 )5
Rl He B TS LR PH(AAEML, Eid b AL S
PG S AL R 25055, BUaai
SE RS TUY 2 P, T =GR S, T
IS RN . TERT 22 SR RSl a4
AU Tlumina E4 > . BET, 3T Ton Torrent PGM
SE4 ., Thermo Fisher Scientific A FIHEH T @& TIHEE
“f i STR B EERENIAY Precision ID GlobalFiler™ NGS
STR Panel v2 i35 &, £ %A 51 4 Precision ID
Identity Panel 307 &5 DA KB R B REAR KM 1Y Precision
ID mtDNA Control Region Panel ik F & FI Precision ID
mtDNA Whole Genome Panel i85 & 5%, % T H Ai 4
Xk B2 9 AL AR (STR. SNP. miDNA &
microRNA ) #47 AR CHIZEIN =, P55 Ton Torrent
PGM ~F- 5% B B BRI S 1

M. RE

S5 AR R AR (R 2 RN, FH (K % i A 2 2
AT =AW E R B, Hif SCS MFH A KA
KRIFE G KR S, 5% B4 ks
AR (PCR-CE #AK) Mtb, &0l AR E0E £
ZHCT A STR Fl SNP 45 Z Fh st (& br ic i [Rl B JFAT
KA. —J5 T SGS W FPH AR AT AT S REA RS
PICFRIC R G VAT STR Al SNP %5 Z At 4 Aric i
S, (R e AR SCPER AT e B A
TR, VAR 2 fetnic, Mk g% 24k
ARFHATRE 85 5 — i, R AR ik
GRH, FRE Ao 2, KRS RRGE

KARFERE o T LR, R FH A P AR A
STR il SNP 4 Z Fist (G hRic Ae Ik B st G 42 +
SYEBRIRETE TR, FESTESE AR P A EHA A
RS RS, WZECEHAN R 2 4b, H—,
DU P 2 7= R 2 1 22 R e A I A 75 SR 1 1
ZA DA R &, v A AR
ISR G R Z TGRSR 4 08 22 B2, 1)
BB ERRIC AR ZE SR R EA, ]
11 Mlumina 23 & A4 Forenseq" DNA Signature Prep 125
B 581 STR EEPA 2 . 94 4 GRS SNPC TISNP )
22 /N2 FERURAE Y SNP ( PISNP ) Fi1 56 /S T4H
SEHEWTAY SNP (AISNP) . Horr, STR B[P 7T,
D22S1045 SEH AR 22 A T2 3L R 2 8 300 R B
AR e M T R AL PR e 07 i By, 7
WG 15 A7 7E DNA TR AW, D22S1045 PR e 22
H R SRR SNP LAy T, T
FRUKFAEAY PISNP T4 IR I A5k & OB, X
e E PR IR, BTS2, hd ik
JIEETE RS X e R SR 26 AR 7R &
o, BEE S AN PR AR AR 1k B 2 sl i 1
R, B 5 25 ol Bl 5 3 i R FH DU
FERTS RN EdE, W AHEATE . AIERA AR
IO A, el e — BB AT 2] BRI
15 1 0B R AR AR AT V) 2D i ) 5,
F5h, 5 AR P B AR R SR 65 14
ARAS T, ARG RO AR & A HE S 3R,
I VR B AT IR P R FE A (A 12 55 T T
YRR BB A LR Bast G 4N |2 I Y ¢
HRNERZ — [FEF, XFRAFEANT AT e Xt
] R A A e B A B A AT B A AR
#hFE AL PCR B A0 HL KR AR B T3 Y DNA K
DU AL A% s vy FH TR S 8 ARG 14 S

(=fE4%E: £19m )
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Research Advances and Applications of Second-generation
Sequencing Technology in Forensic Science

Yang Zihao

1. East China University of Political Science and Law, Shanghai;

2. Academy of Forensic Science, Shanghai

Abstract: With the rise of Second Generation Sequencing (SGS) technology in recent years, forensic scientists
have introduced and applied it to the field of forensic science, thus taking full advantage of its high throughput,
fast sequencing speed and low cost, and greatly contributing to the development of forensic science and its
application in case detection. This paper reviews the importance of second-generation sequencing technology
in forensic genetic marker detection, starting from the history of the application of sequencing technology in
forensic science. The current and potential applications of second-generation sequencing technology in forensic
science are explored using the existing platforms from Illumina and Thermo Fisher Scientific Sequencing
Technologies, which are relevant to forensic science research. For current research, these sequencing platforms
can sequence genetic markers such as STR genetic markers, SNP genetic markers, mtDNA and mRNA. However,
the optimisation of some of the genetic markers in sequencing kits, the introduction and validation of sequencing
kits for Chinese populations, the development of a widely credible data collection standard, the optimisation of
sequencing data analysis software, the interface with existing forensic genetics databases, and the ethical issues
in the use of sequencing data are all important factors in determining whether second-generation sequencing
technologies can replace (or complement) established PCR capillary tube sequencing technologies. The key
to whether second-generation sequencing technology can replace (or complement) established PCR capillary
techniques and be universally applied in criminal cases.

Key words: Forensic genetics; Second generation sequencing; Genetic markers
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