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Abstract

Short tandem repeat (STR) markers are used worldwide for forensic and paternity
identification purposes. Amplified STR alleles of tested individuals are determined by
comparing to the allelic ladders provided by commercial kits’ manufactures. However,
alleles were sometimes found outside of this ladder range or slightly different length to
allelic ladders,which are called off-ladder (OL) allele. AmpFISTR ® Identifiler kit
and Y Filer® PCR Amplification Kit are the most common kits used in Taiwan for forensic
human identification currently. The frequencies of OL alleles and tri-allelic patterns quite
vary between populations, so it is important to establish the variants data of Taiwanese. In
addition to frequency of OL alleles, the sequence of OL also was studied. A total of 10,974
STR profiles from Taiwanese were screened for variants using the AmpFISTR ® Identifiler
kit. The results showed that the number of observed OL alleles was 306, with a percentage
of 1.40%. Totally, we detected 28 different OL allele types from the 306 alleles. The two
most common OL variants observed in Han were allele 9.1 of D7S820 (0.67%) and allele
30.3 of D21S11 (0.39%) , which are different from and much higher than those in other
populations except Chinese Han. In addition to the OL alleles, 3 loci in 4 samples with tri-
allelic patterns (0.04% ) were identified from the 10,974 individuals. A total of 3,251 Y-STR
profiles from Taiwanese were screened for variants using the Y Filer® PCR Amplification
Kit. The results showed that 13 of 17 STR loci have non-ladder alleles, and the number of
observed OL alleles was 145, with a percentage 0f4.5%. Totally, we detected 30 different
OL allele types from the 145 alleles. The two most common OL variants observed in Taiwan
were allele 21 of DYS458 (1%) and allele 14.1 (0.7%) .We also compared with US Y-STR




Z R STR # 31 $2JF CODIS DNA #Z3e i S4B A 2% 3

database. We thus employed additional non-CODIS loci and finally resolved the difficult
family relationship cases. A total of 40 STRs,13 CODIS and 27 non-CODIS, were profiled
using an ABI 3130 Genetic Analyzer. Statistical results revealed that the non-CODIS STRs
were significantly informative than the CODIS in identifying problematic kinship cases,
and that the high case-resolving capability of the non-CODIS was irrelevant to repeat motif
composition of STRs.

The OL alleles and tri-allelic pattern data can help to increase the power of cases
identification when samples are involved with those variant loci. The result, an indispensable

system of the non-CODIS, could provide a reference for resolving similar complex

relationship cases.

Key words: STR ~ off-ladder ~ tri-allelic patterns ~ CODIS
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4% EIE CODIS % B Atk A Rz @
PR FE R o

— AR TERGER T SRA2
A LS B/ ERAMEAERYE > T &
RAEBRERTH A - 2R ETH — 24
FoARA2MARMR Y S » GBI
BB S 6y R AL AN R R PR A A Y
Bl F > 42 Gunn (1997) F A B R L& 14
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RKARRE T GHERERFAZIE
AR 310974 AR > REBRARE X
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BE AL R ARAEAED] | X RS FRE R ERK
HEAZIRE > LREZEZRE &
TR AR W KRR
MEAFERREE] 2E » FRANF
BHEE A T A2 R W - 3T E R KRR
AHrER s K% ERKEF (FTA F:
Whatman FTA® ) &R& 2 » 85 R8 A4 1%
R FTAERREFHUBRESKE
T ERRAEAMBIRICEREL 0 AR E
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EROREFTRE TR - RELK K
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JE R BAR A ERARA 0 X HE L2001 L &Y
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R AR e 3% 2L QIAmp mini # A DNA 3 B
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ARBEHUEHEA A @ H Y (Applied
Biosystems, Foster City, CA) % AmpFISTR
® IdentifilerTM 4& € & #E R A B — RIR -

e STRANAH

EHEA A A Z 4 (Applied
Biosystems, Foster City, CA) % AmpFISTR
® JdentifilerTM %& & & 4 & D8SI1179 ~
D21S11 ~ D7S820 ~ CSF1PO ~ D3S1358
THO1 ~ D13S317 ~ D16S539 ~ D2S1338 ~
D19S433 ~ VWA ~ TPOX ~ D18S51 »
Amelogenin ~ D5S818 ~ FGA % 16 #1 %
J& o 3L GeneAmp ® PCR System 9700 # 15
BAEBRETIMEFBEREAY - 95°C 11
480 A 2L 95 °C 30 A ~59°C 15 A~
72°C 30 # & 47 28 BABE » A& 2L 72°C 60
AR IE » BREAN 4°C

JECODISE EH A 7| % A AR &
ERBMGHRTETZIRERAEFHELT
PN ESMZ

(1) ¥ Qiagen 2~ & (Qiagen,
GmbH, Hilden, Germany ) )
Investigator HDplex & & 3K # &
% M Amelogenin ~ D7S1517 »
D3S1744 ~ D12S391 ~ D2S1360 ~
D6S474 ~ D4S2366 ~ D8S1132 ~
D18S51 ~ D5S2500 ~ D21S2055 ~
D10S2325 ~ SE33 % 13 48 % W 4 »
YL GeneAmp ® PCR System 9700
HABRAR BARA T IR 2 BR
B 94°C4 548 AHL94°C 30
#~60°C 120 # ~ 72°C 75 £ & 47
30 18 48 3% » & 1% 2L 68°C 60 7 4%

R STR A %] $2JF CODIS DNA #2323 F 453 B A 2 A1 %% 9

MRIE > AEEAR 107C o
YL Qiagen = 9]
HDplex 4 & R # & o #f
Amelogenin > D7S51517 ~D3S1744 ~
D12S391 ~ D2S1360 ~ D6S474 ~
D4S2366 ~ D8S1132 ~ D18S51
D5S2500 ~ D21S2055 ~ D10S2325 ~
SE33 % 13 4L A B AL » M\ GeneAmp
® PCR System 9700 # 18 2 4 # {&
ETFIRIFBERAE 1 04C 45
48 > AL 94°C 30 £ ~60°C 120 £ ~
72°CT5 A AT 0OMAERE > R
2L 68°C 60 - SEMRIE > AR
10°C ©
2L GenePhile Bioscience 2 @]
(GenePhile Bioscience Co., Ltd.,
8 G-Plex #&
Z & B & % M Amelogenin >
D21S1437 ~ D22S683 ~ D8S1110 ~
D10S2325 ~D12S1090 ~
D1751294 ~ PentaD ~ D3S1744 ~
D14S608 ~ D20S470 ~ Penta E »
D4S2366 ~ D18S536 ~ D13S765 ~
D6S474 % 16 448 4 .48 A R »
2L GeneAmp ® PCR System 9700 &
PE AR RARAE T P 2 B A
#H:95C10 04 ALUCLY
#-59C1 4 ~72°C1 o4 it
17 32 BB 3 > AR 2L 60°C 45 o
SEMURIE » BEEGR 4°C o
2L Promega =
Corporation, Madison, WI) Z

PowerPlex ® 21 System & & & 4&

#y Investigator

Taipei, Taiwan)

i (Promega
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% D8S1179 ~ D21S11 ~ D7S820
CSF1PO ~ D3S1358 ~ THO1 ~
D13S317 ~ D16S539 ~ D2S1338
D19S433~ VWA ~ TPOX -
D18S51 ~ Amelogenin > D5S818 ~
FGA ~ D1S1656 ~ D6S1043 ~ Penta
E ~ Penta D ~ D12S391 % 21 44 %
AL o 2L GeneAmp ® PCR System
9700 2 18 B AR B ARAF T 2 M 4+
ZERAE 96 C1 o4 HU
94°C 10 # ~59°C 1 %4 ~ 72°C 30
i 47 30 BAER > &ZAE L 60°C 10
EEURIE » BN 4°C o

= M Ees STR AN HA#
(—) UL EHER A4 %24 (Applied

Biosystems, Foster City, CA)

% AmpFISTR ® Yfiler & & &
& B YSTR: & % T 7l %
J& : DYS19 ~ DYS385a/b ~
DYS389I/I1 ~ DYS390 ~ DYS391 ~
DYS392 ~DYS393 ~DYS438
DYS439 ~DYS437 ~DYS448 ~
DYS456 ~ DYS458 ~ DYS635 (Y
GATA C4) ~Y GATA H4 % -

YL GeneAmp ® PCR System 9700
HRBERAEBRAAETAGEZIHE
AR 15:95C ¥ M1 54

HUCEMR1 48 61 CHES1Y
45~ 72°CAY 1 9 48 3% $h 47 30
18 48 3 > 60 °C 2 ¥ 80 # 4% &
BARBAALC HoORBETIU
% W 2 ] X PowerPlex ® Y 4& &

WA R A E Y-STRAE & 58 3% >
PowerPlex ® Y 45 & & %l &4 & T
7 % fir : DYS19, DYS385a/b,
DYS389 1 / I , DS390, DYS391,
DYS392, DYS393, DYS437, DYS438,
DYS43 % » 3L GeneAmp ® PCR
System 9700 # 15 3 4 # & 4F T
Pl ERAE - 95°C 11 o
480 96°C1 %4 AL 94°C 30 &
60°C 30 # 70°C 45 £ #& 47 10 B 4B
o HF AL I0°C 30 A 58°C 30
A 70°C 45 £ & 47 22 BB » &
#% L 60°C 30 AEMURIE » ARk
»47C o

L GenePhile Bioscience = & #)
X-Plex 45 € X E &2 M X F &.82
DXS8378 ~ DXS9898 ~ DXS8377 ~
HPRTB ~ GATA172D05 ~
DXS7423 ~ DXS6809 ~ DXS7132 ~
DXS101 ~ DXS6789 ~ Amelogenin »
DXS9902 ~ DXS6807 ~ DXS7424 %
14 48 % WAL » 2L GeneAmp ® PCR
System 9700 2 153& 42 ® & 1E T 7
Btk PERRAH - 95°C 10 4% >
AL 9C1 44 -~60°C1 542~
72°C 1 74547 32 B3R » K
2 60°C 45 4R IE - BEEAN
4°C o

W ~STREARREBF I ZER

B4 ,4 STR £ & & 7] PCR
BAERER K R 23] F#



Z R STR % 3 $2 9k CODIS DNA A2l FasR B A 2 #1511

A4 %% Promega 2 & FT # & # 3] B H Off Ladder 89 AR 82 A8 B A X HAL 2 K
F# (Krenke et al., 2002) ° & & %R I Bzt BUEZIINTHRINEFRZERM
MR AR A B 6 A B AL SN B 3% 5] T 0 BT ZHBK -

Fdag5] Tk 1o EA A L3 FH4H#
% 1 Off Ladder STR & B {8 5] T %
P e , , Tm 3 FEE
E-3 i | 4% e B 7 —
A B AL 7@ 51 ¥ Ll 71 (5 3°) (=C) (Bases)
Forward 5-GGCTGTAGTGAGCTATGATT-3’ 20
D3S1358 55
Reverse 5-GGGGGCATCTCTTATACTC-3’ 19
Forward 5-GGGTATCTGGGCTCTGGG-3’ 18
THO1 63
Reverse 5'-GAGGCACCGAAGACCCC-3 17
Forward 5'-ATGGGTTGCTGGACATGGT-3’ 19
D13S317 63
Reverse 5-TCAACTTGGGTTGAGCCATA-3’ 20
Forward 5'-AAGATCACTTGAGCCCAGGA-3’ 20
D19S5433 65~55
Reverse 5-AGGAACAGGTGGTGTTGGTT-3’ 20
Forward 5-"TTGCAGGGCTGAGGCA-3’ 16
D18S51 53
Reverse 5-CTACTTTAAAAATAACAAACC-3’ 21
Forward 5 -TAATAGCAAGTATGTGACAAG-3’ 21
D5S818 53
Reverse 5'-AGCCAAGTGATTCCAATCAT-3’ 20
Forward 5-TTAACTGGCATTCATGGAA-3’ 22
FGA 57
Reverse 5'-GCTGGATATGCTGTACTT-3’ 18
Forward 5-GACTTTTCTCAGTCTCCATAA-3 21
D21S11 57
Reverse 5'-TAAACTGTGATATATTAAAGATGT-3 24
Forward 5 -ATGTTGGTCAGGCTGACTATG-3’ 18
D7S820 49
Reverse 5-GATTCCACATTTATCCTCATTGAC-3 25

- o o FAl BRI T AN Tk
(=) YREASTR LR/FIIPCR A 20 LA A X FHHBRIFEHEEE

AR ARSI T B M A A2 > 2 A s
&A% #% STRBase #3k F7 5] A & 3 B ARSI ARMZ BB o
T AR AR B



12 MWERXE A

% 3-1 AR Off Ladder £ R ALY 5% 3] +#

SR 513 $y R A (5 —>3) (o £2 (nmer)
DYS456-1 | 5GGACCTTGTGATAATGTAAGATA o4
DYS456-2 | 5'CCCATCAACTCAGCCCAAAAC 58 ol

DYS389III-1 | 5 CCAACTCTCATCTGTATTATCTAT 24
DYS389111-2 | 5 TCTTATCTCCACCCACCAGA 62 20
DYS458-1 | 5’GCAACAGGAATGAAACTCCAAT 2
DYS458-2 | 5'GTTCTGGCATTACAAGCATGAG 62 22
DYS385A/B1 | 5’ AGCATGGGTGACAGAGCTA 19
DYS385A/B2 | 5 TGGGATGCTAGGTAAAGCTG 66 19
DYS391.1 | 5CTATTCATTCAATCATACACCCATAT 2%
DYS391.2 | 5’ ACATAGCCAAATATCTCCTGGG 61 2
DYS439-1 | 5 TCCTGAATGGTACTTCCTAGGTTT 24
DYS439-2 | 5°GCCTGGCTTGGAATTCTTTT 62 20
DYS635-1 | 5’ ACCAGCCCAAATATCCATCA 20
DYS635-2 | 5 TGGAATGCTCTCTTGGCTTC 62 2
DYS392.1 | 5 TCATTAATCTAGCTTTTAAAAACAA o4
DYS392-2 | 5 AGACCCAGTTGATGCAATGT 59 20
Y _GATA _H4-1 | 5 GAGACCTAAGCAGAGATGTTGGTTTTC 27
Y _GATA H4-2 | 5CCTCTGATGGTGAAGTAATGGAATTAGA 52 23
DYS437-1 | 5GACTATGGGCGTGAGTGCAT 19
DYS437-2 | 5 AGACCCTGTCATTCACAGATGA 66 2
DYS4381 | 5'CCAAAATTAGTGGGGAATAGTTG 23
DYS438-2 | 5GATCACCCAGGGTCTGGAGTT 63 21
DYS448-1 | 5 TGTCAAAGAGCTTCAATGGAGA 22
DYS448-2 | 5 TCTTCCTTAACGTGAATTTCCTC 60 23
DYS390-1 | 5GTGACAGTAAAATGAAAACATTGC 24
DYS390-2 | 5 TATATTTTACACATTTTTGGGCCC o 24
DYSI9.1 | 5 ATGGCCATGTAGTGAGGACA 20
DYSI9-2 | 5CTACTGAGTTTCTGTTATAGT 55 ol

PCR & % & %% :1-6ngDNA°> #
— & 3] + B E A 1lul (10pmole/ul.) °
12.5ul. Taq Master Mix RED » & 25ul. © 34
GeneAmp ® PCR System 9700 2 78 3% #48 #®
BAE T AR X MR R - 95°C 2 048 >
A 2L 95°C 30 A ~60°C 30 # ~ 72°C 30 £
AT 35 fEMEHE » AL 72°C 5 o4 o ME

% & & 4 B 3ul > L QIAquick ® PCR #h
LR A & it » L3 % Agarose & A
Sybrgreen ¥t EAB B R LS RS
H oo

# &b 1o 4% 8 PCR & 4% £ A BigDye
® Terminator v3.1 Cycle Sequencing & %l
& (Applied Biosystems) & A it 3] F i&



TR R BRI 20uL 8 R &R 6
¥ 4ul BigDye Mix (2.5X) - 2ul BigDye
Sequencing Buffer (5X ) » 50ng 3] F °
L GeneAmp ® PCR System 9700 2% /& 3%
HRESTIAGHIBREZFHAE

B C1 74 AU CL10H4 ~50°C5
48~ 60°C 4 24247 25 BB ZE > &R
B 72 % 4°C (Sekiguchi et al.,, 2003) ° &
#% » #1 A Dye EXTM2.0 Spin Column 50 4%,
fe & & PCR A4 # » LA ABI Prism ® 3130-
16 1% £ 4 & R %6 X W 5 44k (Applied
Biosystems ) ¥} & 421 o # 247 A o

st
2L ABI Prism ® 3130x1-16 & ABI
Prism ® 3500-24 16 £ 48 & % 4669 & B 547
# (Applied Biosystems) % AmpFISTR
® IdentifilerTM PCR & #7 1F o # $2 11
Al > B 1ul PCR A4 42 £ 9 1 Hi-Di TM
formamide ## 141 LIS500 #k LIS600 ( A
7| 547 #& & fm A\ Hi-Di TM formamide) °
BN 95C 3R ABIRALRI D4
BEBRA»MGES L @E RSN
( 2L Performance Optimized Polymer-4 #&
NH) o BTG & % 2L #k 4 GeneMapperID
v3.1 % M A STR & 5| (Sparkes et al.,
1996 ) EX ABI Sequencing Analysis (Verson
5.31) B FI -

B~ ERE

\\%#é%gmﬂmmﬂ 1M

o
FE

ﬁ%‘ FF“"’F%’F?S&%H%%I*U BER
AR B A AR HA IR AR

-\-»v
g

FRSTR #

B $13F CODIS DNA Ao Eas B 2 /1% 13

| R A AT B AR A R e HAR A R

A F AR AR Ay PR AR ST R B bR > B
FHEAERBEKRD (size) X Z2E  RET
7N X3 E (Urquhart et al., 1994)

01=Sy-Ly,d2=SOL-LX ,c=[|51-d2]|

01 = AaArdh sk BMAERAF| (Sy) &R
HHBERAER (Ly) 89282 (WRAH)
02 =3FMAHAE e A 5 SOL 2 & 434 = 1
HARR A LX 92 2R (AH)

c = JFMEHARL A B EIE AT A B R &
RANEZRGBHA

PP A JEIEAH AR ST AR K B A 3]
HEHEAZEBZTHBERA I LR
%o ez REXRAD (BEAEHR) o %
fE AR AR 2 46 [ S 69 HH4E O B A 3 oL sh
TERFELABR D - AXFEAE
A AR T B A R A ERRU 2N N &
R RPN

st

BB REs

—~FAREERHMARRG

(—) FEmetpAZie#tig A | A 3|

£ 10974 18 AR A2 F 0 R B3R 28 A
306 18 Ik S AH AR S HAR A B A 3 0 4K 306
B I Ah AR T 4B A B A %] & 10974 18
WEe & ARYEB G 1.39% (306/ (2
X 10974) » 4wk 3) o wEHEEA G
% % & Identifiler 15 18 % B 4 49 10 18 %
B4 Ao R D19S433 sh 0 R k3 A



14 MR

CODIS # % B AL o

% D3S1358 ~ D19S433 ~ D18S51 ~
FGA 3% 3. A Ladder A ¥ X/ 8B 9
8 JEFE A (Off Ladder) A %] » A fb A B
fir 2 JE PSR AL 5 34 12 K B A 6y PR A AL
BlRBERADBERN o

AH RS S AT 2 AT A S
HAEREEA -BFEA~ 2HEG A
FHELEA - BT HFLERARKAR
b S 5K A A AR AT AR &) JF PR AR AR S A B
d 3R, 89 A 28 9298 R AT AE 69 SURRIR % (Huel
et al., 2007; Lu et al.,2006; Allor et al.,2005;
Cho et al., 2011) E—Fu#k (4% 3) » &
RBERGEA PRHEAAZBE AL
D21S11 % 303 HATfb &y A R i iy » LA
0% A 0387% (85/ (10,974X2) ) ~
0.16% (32/ (10,071X2) ) #20.212% (49/
(11,565X2) ) » {2 f Efb kst ¢ > 3548
AR RS s e FHEGAT L
ABH D2S11 2 303 A > mAJEH £
ANEBHRFHEBAAPEERR L EA
#£ STRbase #83: F L A% 89 D21S11 % B fir
81583033 F 7 EBRAEE
L a@yi a1 EFPEAN (JAF0.272%
(2/ (368X2) ) ) »3fam## A (FAF
o %l A 0.086% (54/ (31,330X2) ) ~
0.035% (22/ (31,330X2) ) ~0.193%
(1217 (31,330X2) ) ) » L4 3 E%#
B A% o bsh s B RZE TR 2006 F
B % 303 B & (Tsuji et al, 2006) °
Ao b AR R 2014 2 XBR P 0 RhatER
M A D21S11 # 4 & A 5] F K 4 3. 30.3
A (Rockenbauer et al., 2014) o)

D21S11 A B = 303 & » #&A T AEAE A
3 R BE R o

£ D7S820 % 91 & ¢ & B A
AP EEAMEGAERD 0 A
0.670% (147/ (10,974X2) ) $& 0.402%
(181/10,071X2) ) » W % 8 A
D7S820 % 9.1 A A7 & JA & A 0.012% (4/
(16185X2) ) » FF&H LB A% 0.007% (
2/ (14,015X2) ) » KB REMEE M4 E
ABZ 0 A 0068 % (15/ (11,000X2) )
(Huel et al., 2007) * & & A 1 & 5 #
HERH GBS A EEE-F IR
Ko FGAEA B 13 E4A S
BHXEEATRER AR L A 0.064%
(14/ (10974X2) ) £ 0.139 (28/
(10071X2) ) » %3k L RERZX
A 3] » & STRbase #83k . {2 %
H 1A &R R > Bk HA G EELE
7 AR BE ARG o

A-—F@ FHEEBAE R
mE AR A E A D2ISI X 331 H
(0.161% » 45/ (14,015X2) ) ¥ D3S1358
2 974 (0.114% > 32/ (14,015X2) ) (Huel
etal,2007) > BRFHELBEAMERZ
4y v B & B AR R A D7S820 & B AL 10.3
A (0.214% » 8/ (1,872X2) ) £ D3S1358
Z 201 A (0.080% » 3/ (1,872X2) ) »
KOREIAEAEIARSGEARA
48 R A D7S820 # 7.3 A (0.11% ° 24/
(11,000X2) ) (Huel et al., 2007) * &
AR 2 8y & B A JE F A D3S1358 49 20.1
A (0.058% > 19/ (16,185X2) ) (Allor
et al., 2005) ° E b KAT6) T H A <A



Z R STR # 31 $2JF CODIS DNA &3 S4B A 2% 15

RE oI AR R WA 5 i 4k B TR IR A B AR 5 T TR
A2 e AR A LR LT £ R EAGEL ~ BTETA L4 > T
% > fagnd ./}%/\)/Féi > E S AR AL o I AmdE R f o
mA KM EREET > RRGEHEECAE
%3 BHBEBACIFFHEZE S 2 R
MEP B EER (%)
E Tai Chinese K C . African i . | Bosnia &
f:i 'f_CL —g\_ 71 aiwanese (Han) orean aucasian American 1spanic Serbia
% 3 N= N= N= N= 3 N =328,
N=10,974 10,071 11,565 16,185 14,015 N=1872 00
D8S1179 | 7 (00%)36)
1
211 (0.0050)
16 1
24.3 (0.0571) | (0.0267)
1
25.3 (0.0036)
4
211 (0.0143)
28.3 | 2 (0.0091)
29.1 1(0.0031)
7 4
29.3 |1 (0.0046) (0.0216) | (0.0143)
D21S11 30.3 85 32 49 1 1
) (0.3873) (0.1589) | (0.2118) (0.0036) | (0.0267)
1
31.1 |1 (0.0046) (0.0267)
4
31.3 (0.0173)
1
32.1 |1 (0.0046) 1(0.0031) (0.0036)
1 4 45 2 4
33.1 | 1(0.0046) (0.0043) | (0.0124) | (0.1605) | (0.0534) | (0.0182)
2 10 1 3
34.1 |3 (0.0137) (0.0062) | (0.0357) | (0.0267) | (0.0136)
9
351 (0.0321)
1
36.1 (0.0036)
3
6.3 (0.0093)
D7S820 | 7.3 24
) (0.1091)
1
8.1 (0.0267)




16 HEHXEE A4

1
8.3 (0.0036)
91 147 81 4 2 15
) (0.6698) (0.4021) (0.0124) | (0.0071) (0.0681)
9.3 2 1 1
: (0.0071) | (0.0267) | (0.0045)
10.1 13 3 2 9 1
) (0.0592) (0.0149) (0.0062) | (0.0321) | (0.0267)
8
10.3 1(0.0031)
D7S820 - - 1 (0.2137) .
111 |5 (0.0228) (0.0199) (0.0124) | (0.0036) (0.0136)
2
11.3 (0.0071)
12.1 1(0.0031)
13.1 1(0.0031) L L
] ] (0.0036) | (0.0267)
3 11
15 (0.0149) (0.0500)
1
10.1 (0.0045)
CSFIPO 12.2 |1 (0.0046)
1
17 (0.0045)
9 1 32
(0.0031) | (0.1142)
1 (0.0046)
10 b
1
151 (0.0036)
D3S1358 15.3 | 4 (0.0182)
16.1
2
171 (0.0062)
19 2 3
201 (0.0587) | (0.0071) | (0.0801)
4
21 (0.0199)
THO1 5.2 |1 (0.0046)
8 (0.0364) 2 1
5 b (0.0099) 1(0.0031) (0.0036)
5 3 (0.0137) 2 2 2 22
D135317 b (0.0099) | (0.0087) | (0.0062) s (0.0999)
71 (0.0534)
10.3 |1 (0.0046)




Z R STR % 3| ¥4k CODIS DNA A2 Al Fask B A 2 #5817
1
D13S317 | 17 (0.0045)
2
6 (0.0099)
D16S539 2
121 (0.0091)
2
16 (0.0099)
1 (0.0046)
8.2 b
D19S433 1
19-2 (0.0292)
19 34 1 (0.0046)
b
vWA 18.3 1(0.0031)
1
73 (0.0267)
TPOX 3
14 (0.0149)
4
15 (0.0199)
3
13.3 (0.0107)
16.1 |1 (0.0046)
1
p18ss1 | 172 (0.0267)
2
18.1 (0.0062)
28 3 (0.0137)
b
1
28.1 (0.0267)
1 (0.0046) 1
4 b (0.0043)
1 (0.0046)
D5sglg | 452 b
2
12.3 (0.0071)
1
18 (0.0036)
13 14 (0.0638) 28
b (0.1390)
14 3 (0.(;)137)
2
FGA 15 (0.0062)
13
16.1 (0.0464)
19.3 1(0.0031)




18 M EH A fEAE

20.1 1(0.0031) <o.ol5loo>
20.3 (0.0%)36) (0.01267>

21.1 1(0.0031)

22.3 |1 (0.0046) <o.o?io7> (0.01267) (0.0i82>
23.1 |1 (0.0046)

23.3 (0.0285) (0.01267>

24.1 (o.o?io7>

24.3 1(0.0031) <o.oi)o7>

25.1 (0.01267>

25.3 (o.oﬁ43>

28.1 |1 (0.0046)

33.1 (0.0%)36)

34.1 (o.o%m)

41.2 <o.o%)71> (0.01267>

B3 RSP ARE  FERANAAR 2 A STRBase RA YA b AR esr 23] o

(=) FHHABERDY A 25
® R

St — B JEM M HEEARA A 2
FPER k4 E2FHENKFT
Lk 3&5 7 (%IR 29~31) A AR
@A R A 5] > 28 5 K 7 A JE AR AR T
AF 08 kFI L 25 A G 0 KR HR
11~13 & D7S820 % 10.1 & » & % 27 ~ 28
B33 A D21S11 % 341 & » 3 A A 3 48
Bl B2 &R - bs » FhD7S820 % 9.1 & »
EHhAERRRE 10172 5 3MEFR
Fl ¥ %% » D21S11 % » 29 & % & 5 /8 & F
WA 03038 TR IEFFI A 0341 A >

ER2EFRARE FGAZ 4 » 5
2B F Rl ARRE S AR S 1 ER
o RMBRIIGEFIF A 7THKF T
2. % STRBase 4835 3,48 Bl 3UBK F 4R 538
201 F > BAZEARARARFELER
B FGA # 13 & (Jiang et al., 2011) » &
STRBase #3t £ €7 4% 2] FGA 21.2 & &
R 701998 F 18 B 2 4 £ # 3L D3S1358
AR 42 F BE 2 F 4 D3S1358 &9 20 A
(Mornhinweg et al., 1998) * 2006 % K [
2 & & ¥t % PowerPlexTM16 3K #| & off
ladder % 3| 85 2 & & & B 7% A & D13S317
8 5~6 7 [44] » 2005 F £ B 2 & £ #
5% CODIS & off ladder & %] B » & 5 &



D18S51 # 16.1 A (Allor et al., 2005) °
2006 F B K24 &5 5% D21S11 f £ £ A
B AE B Z A5 H D21S11 89 30.3 & (Tsuji
etal, 2006) °» mith24tkF 7 ALK
R SRR A B8 ©

mERAGFI T ZFAHFZ
HEHAHBERD G A — K H
ot FGA % B 4 89 13 8 > & v 5 7
4 [TTTCI3TTTTTTCT[CTTTI5CTCC
[TTCC]2 4 52 {8 i % » WA 3k 5 > X
%] 42 D3S1358 % B fir & 153 & A 15
AEBF ) EAL e L3 A A S T
TTA[TCTG]3[TCTA]12 °

KA JErEAAZ A 3] F o A7 28
% & 5 > L4 545 7| &£ STRBase #
vh A8 B X R #R E @ > KR 23 1% 5 7
Bk AR B B R T A 0 AR IR 2006 F

Z R STR # 31 $2JF CODIS DNA #Z 32 S4B A 2% 19

K% % (Luetal,2006) # 7% > A
# PowePlexTM16 &9 3k [ 4% 4% 352 & 3] &
& EnAhata: (1) €8 8
TEEE  EREREEMHRELIRE
s (2) RREEE (3) RMEAFT
AR AR P AB S R R AE A Rk s (4)
BRAREGHL, 2RXMOERF LK
BRBRKGRBHBLFI S 8P INE
RRET ALty 3 @y L F3
85 7| 3 F /5 & it ey 3185 % : FGA
& B fiL & 231 & ~ CSFIPO # 12.2 &
# D7S820 #9 10.1 & ( & 2-5. &% ¢ 4~
BmeEL13) s A/ ARAHEL O
P 8% R 0 FGA 89 T 46 A ik % 36 %
& B 7| [TTTCI3TTTTTTCT[CTTTI15
CTCCITTCC]2 FT# &y % 19 A AN E o

A4 FEHHBERBUIZFER

%R A& A A HEmEARLY o3l

1 FGA 13 [TTTCI3STTTTTTCT[CTTTISCTCC[TTCC]2

2 FGA 14 [TTTCISTTTTTTCTICTTTI]6CTCC[TTCC]2

3 FGA 22.3 [TTTCISTTTTTTCT[CTTTI2CTT[CTTTI12

4 FGA 231 [TTTCISTTTTTTCT[CTTTII5CTCC[TTCCI2TT
TCTTCCTTTCTTTTTTT or D19Tins
[TTTCISTTTTTTCT[CTTTIATTTCTI[CTTTI15

> FGA 28.1 CTCCITTCC]2

6 CSF1PO 12.2 [AGAT]120U80,81CCins

7 D3S1358 10 [TCTAJ[TCTG]2[TCTA]7

8 D3S1358 15.3 [TTA]J[TCTGI3[TCTA]12

9 D5S818 4 [AGATI]4

10 D75820 9.1 A[GATA]9

11 D7S820 10.1 GIGATA]L0

12 D75820 10.1 A[GATA]IL0

13 D7S820 10.1 [GATA]J10D23Tins

14 D7S820 11.1 A[GATA]LL

15 D13S317 5 [TATCI5

16 D13S317 6 [TATC]6




20 MEHEE  AE4E
17 D13S317 10.3 [TATCJATC[TATCI9
18 D18S51 16.1 [AGAA]3A[TAGAA]L3
19 D18S51 28 [AGAA]28
20 D19S5433 8.2 [GGAAISGGAT[GGAAJAA[GGAA]
21 D21S11 983 [TCTAIS[TCTGI5[TCTA]3TA[TCTA]2TCA[TCT
A]2TCCATA[TCTA]7TCA[TCTAl4
29 D21S11 293 [TCTAIS[TCTGI6[TCTAI3TA[TCTAI3TCA[TCT
A]J2TCCATA[TCTA]7TCA[TCTA]3
93 D21S11 303 [TCTAI6[TCTGI5[TCTA]3TA[TCTAI3TCA[TCT
A]J2TCCATA[TCTA]STCA[TCTA]6
o4 D21S11 311 [TCTAIS[TCTGI6[TCTAI3TA[TCTAI3TCA[TCT
A]2TCCATA[TCTA]6TCA[TCTAJATATCTA
[TCTA]S[TCTGI6[TCTAI3TA[TCTA]3TCA[TCT
25 D21S11 321 A]2TCCATA[TCTA]12A[TCTA]
% D21S11 331 [TCTAIS[TCTGI6[TCTAI3TA[TCTAI3TCA[TCT
AJ2TCCATA[TCTAJI0TCA[TCTA]J2TATCTA
97 D21S11 a1 [TCTA]S[TCTGI6[TCTAI3TA[TCTA]3TCA[TCT
A]J2TCCATA[TCTA]JI0TCA[TCTA]3TATCTA
28 D21S11 341 [TCTAIS[TCTGI6[TCTAI3TA[TCTAI3TCA[TCT
AJ2TCCATA[TCTA]6TCA[TCTA]7TATCTA
29% FGA 21.2 [TTTCISTTTTTT[CTTT]14CTCC[TTCC]2
30% D3S1358 20 [TCTA][TCTGI]3TCTA]L6
[TCTA]S[TCTGI6[TCTAI3TA[TCTA]3TCA[TCT
317 D21S11 29 A]J2TCCATA[TCTA]L0

* AR HEARAN IR RFER -
(Z) 3 mAEEA 3

BRABEIEFMAEAREAZ (£5) >
5% % B4 D21S11 ~ D13S317 2 D19S433
% 3/EA B> A4 D19S433 H R 2 18 3
EMAR R EMARBLZHERA
0.036% (4/10974) » B AT A 2 3 H 4Lk
B3 %4 Typel # - HEERGRMUHE
W F M IREAR W A B AR o

3HEMER —& DA Typel £ Type2
A A & (Clayton et al., 2004) & &

M eERF 3EMARIHBAEE 1R
PHBERREAAIBEIHEARNIARA
Mo BB E 2 REHER S AH ~ A7
#%o g4 ERBEA AR Plie e M1 AR
B RIMEARER1ME Type 2 898 3 5
PLER L& BHSHHK 3 EMERY
HRH K& o R TR 48 3 Fk
B2 A Type l (93 & » REAK
Type2 & A& » ¥ Clayton (2004) ~ Huel
(2007) % ABZE 3 354K B Typel
B S W HEH AR o

%5.3 FAXRAHKA

Locus ¥ 8 HEARA Type Ed
D21S11 1 29/30/31 Typel 2 REBRG I
D13S317 1 8/9/10 Typel 2 R IEB T
D19S433 2 12/14/15 Typel 2 RER G I

12.2/14/15.2 Typel 2 RERG M




=~ FRY RERIFEHARTH
BAE A

(—) Y-STR JF M4 A2 30 #1418 %
7 7

AR HBAEARA L £
3251 B PAEBR U ME & &
45% (145/3251) = H A 5| & & 1% 46 4%
WHRE NIRRT HEER A

(B ) 27 A2 4 E sh 2 JERE A4S
RHEARAYS (B ) - BARS FH
HRZHBARAANRERSOAR
fir & DYS448 » B A AR R B AR AL £
DYS458 » A #@A R A 21 £ 33K > JA
%1% (33/3251) » HEmihiRe LR
A A 228% (33/145) » R % % AR
AR 1418 284 24K EARA
0.7% (24/3251) » &R AR A
$ B8 166% (24/145) » TEIFA X
MR EE IR A R A 192 5
AR 11 AR B AR Rk & £ R 3R
AR HEAER AT o

v

B34 4 FE4H AR B E N 2 3 B4R AR
2 5

Z R STR # 31$2JF CODIS DNA 4232 S4B A 2% 21

£ B A DYS458 % A 4 &y [ 45 42 3
AR ZHEEOLHMBARAD I A 14 A >
R B KRA13067 T B A4 2 #1418
ARABOL #AH A 1418 > REKX DA
131.62 °

s ] D

MeAh AR ST E B S 2 JEMEARAR I A A o
£ B £ F3 A DYS458 K A AL 2 [
WA REXHEARA A 20
KRB KA 15554 T B A4 OL &
B > AL ¥ DYS458 [EHRAR TR B 9 0 B B
K2 159.47 » FHH| A A 21 B o

EFRAEEHE (2 L) #HBEAR
A1 Null #18% B & 8 JF 45 AR 2 |18
ARAALELEAYSTRABARAAN THAE

( http://www.usystrdatabase.org/ ) # Fb#
¥ (&6) » £H Y STR &4 &+ &3k
HARTHEEARR S 4 A DYS635 % K
@y 198 s AP EHFA 242 A (&
6.0% > 242/4049 ) > FEMFEE AL LE
8AFHEEH 68 A (1.0%° 68/6869) $2
59 A (0.7% » 59/8408) ° £ X & F %
frz <198 > EMAFEBE & T 146 A

(2.1% > 146/6869) » A R & %&£ DYS448
AR Py <17 WE 6 HHEERA
DHEBEAPAEGLBI R 554

3-5



22 MEHXIE R4

118 A (3.0% ° 118/3993) $£ 99 A (2.5% °
99/3993) - MEE AR P REI K #
JEME A AR ST A B A DYS458 & B AL F &)
21 A 92141 A > 4 3 A 33 A (1.0% °
33/3251) #224 A (0.74% » 24/3251) °
o &6 The s RFHBFALTRAREM

MHFEANTRETEARSGYAR » Lo
DYS458 A RAL P&y 1728 » £ AR T &
£FEANF®ATTA (15% > 77/5228) °
BT R AR A R 0 R WAL DYS448 ~
DYS456 ~ DYS458 ~ DYS635 ¥ &X 3] 44 3k
AR H B ARA SRS -

%46 HRBEATYSTRIFMHAZZAINALERAA QY STR THEIJFMAHAZIEA | 2 thix

(3410312 A6 BZ24 8)

AP B EAE
B QisKin A % | Taiwanese African Asi C . Hi . Native
(N=3251) American stan aucasian 1spanic American
11 1(0.025) [2(0.024) |2(0.038)
13 12
12 2 (0.062) (0.189) 1 (0.025) (0.145) 4(0.077) |2 (0.054)
50 35 17
<13 (0.728) 6 (0.148) (0.421) (0.326) 6 (0.163)
DYS456*a 14.3 2(0.029)
13 14
>18 3(0.044) |7(0.173) (0.157) 8 (0.153) (0.381)
19 5 (0.154) |1 (0.015) 5 (0.06) |2 (0.38) |6(0.163)
20 2 (0.062) 1 (0.019)
21 1 (0.019)
9 1 (0.031) |2(0.021) 5 (0.046) 3 (0.072)
DYS3891*b 16 1 (0.01 |1(0.023) |1(0.001) |2(0.031)
17 10.031)
10 1 (0.025)
11 1 (0.015)
12 4(0.058) |2(0.049) 1 (0.02)
12
13 11 (0.338) |9 (0.131) [8(0.198) [9(0.107) |2 (0.038) (0.328)
12
14.1 |24 (0.738) (0.296) 1(0.019) |1 (0.027)
14.2 1(0.025) |1 (0.012)
DYS458%c 15.1 5 (0.154) |[2(0.029) |2 (0.049)
15.2 2 (0.024)
16.1 1(0.015) |5(0.123)
19 15
162 2(0.048) (0.226) (0.287)
17.1 1 (0.027)
43 77
17.2 3(0.044) |15 (0.37) (0512) (1.473) 3(0.082)
17.3 1 (0.012)




Z R STR % | ¥ 3k CODIS DNA A2 Al 4% B A 2 9% 23

18.1 1 (0.019)
11 27 35
182 3(0.044) (0.272) (0.322) (0.669) 8 (0.219)
19.2 1(0.015) [6(0.148) [7(0.083) |9 (0.172) |3 (0.082)
20 18 132 (079) 24 15y (0.109)
DYS458%c (0.261) ' (0.286) (0.287) '
20.2 8 (0.153)
21 33 (1.015) [2(0.029) |5 (0.123) |7 (0.083) |5(0.096) |1 (0.027)
21.2 2(0.029)
22 3 (0.092) |1 (0.015) 1(0.012) [2(0.038)
23 1 (0.031)
<6 1(0.023) |1 (0.001) 10.024)
DYS391%d 6 2 (0.062) 8 (0.11087>
<7 (0.233) 1 (0.001) 1(0.024)
<8 1 (0.01) 1 (0.001)
10.1 1 (0.01)
DYS439*e 11.1 | 1 (0.031)
13.1
>15 1 (0.01)
12 1 (0.19)
63
17 1 (0.031) (0.917) 1(0.012) [2(0.038)
DYSE354 18 6 (0.185) |4 (01.228) 6 (0.11448)
<19 (2125) (0.346) 4(0.048) |12 (0.23) |2 (0.053)
242 59
19 68 (0.99) (5.977) (0.702) 12 (0.23) |9 (0.237)
10.2 1 (0.001) |2 (0.031)
11.1 1(0.023)
DYS392%g 13.1 2 (0.018)
141 | 3 (0.092) 1(0.023)
19 1 (0.016)
6 1(0.012)
<6 1(0.015) [1(0.025) [2(0.024) |1 (0.019)
18 30 18 13
Y—gﬁf— ~13 170247) | (o 44a) | (0357) | (0345) | (0342)
14 7 (0.215) |6(0.087) |3(0.074) (011131) 6 (0.115) |4 (0.105)
15 1(0.019) [1(0.026)
11.1 1 (0.017)
12 1 (0.013)
<13 5(0.063) |1(0.023) |5 (0.051) |2 (0.033)
o
DYSA37TH 2 (0.047)
18 6 (0.075) | 3 (0.07) |2(0.021) |1(0.017) |1(0.024)
21.3 | 4 (0.123)
DYS438%j 6 1 (0.031)




24 HEHXE AR

7 2 (0.062) |1 (0.01) 3(0.028) |2 (0.031)

<8 6 (0.063) (0%)%2) 8 (0.125) |2 (0.048)
DYS438% 8.2 = = 2 (0.018) |5 (0.078)

>13 (0.105) (0.327) 6 (0.055) |5(0.078) |1 (0.024)

14 5(0.052) |5 (0.117) |4 (0.037) |4 (0.063)

15 1 (0.01) |1(0.023)

14 1(0.014)

15 3 (0.092) |4 (0.065) 1(0.014) |1 (0.021)

152 | 1 (0.031)

<6 15 16 12 16 50

(0.242) (0.401) (0.163) (0.338) (1.475)

16 2 (0.062 <0.11%1> (21{;% 7(0.095) |2(0.042) |7 (0.206)

162 | 1 (0.031) 1(0.025) 1(0.029)

7 32 118 19 19 58

(0.517) (2.955) (0.258) (0.402) (1.711)

DYS448%k 17.2 1 (0.025)

17.4 1 (0.014)

182 | 9 (0.277) 2 (0.05)

18.4 1(0.014) [3(0.063) [1(0.029)

18.5 2 (0.027) |1 (0.021)

19.1 1 (0.021)

192 | 2 (0.062) |1(0.016) |2 (0.05) |[3(0.041) (0.021)

19.5 1(0.21)

20.1 1(0.016)

20.2 2 (0.042)

214 | 1 (0.031)

*a & African America N=6871, & Asian N=4050, #& Caucasian N=8304, #& Hispanic N=5222, # Native American
N=3671

*h~d~e>g>jA& African America N=9537, &£ Asian N=4284, & Caucasian N=10903, & Hispanic N=6377, 7
Native American N=4194

*c £ African America N=6887, & Asian N=4050, & Caucasian N=8392, % Hispanic N=5228, % Native American
N=3659

*f f& African America N=68697, & Asian N=4049, % Caucasian N=8408, % Hispanic N=5223, £ Native American
N=3802

*h #& African America N=6878, & Asian N=4050, £ Caucasian N=8410, & Hispanic N=5224, & Native American
N=3805

*] f&£ African America N=7998, £ Asian N=4282, & Caucasian N=9755, & Hispanic N=6022, £ Native American
N=4172

*k f& African America N=6194, & Asian N=3993, #& Caucasian N=7360, & Hispanic N=4728, % Native American
N=3390



Z R STR # 31 $2JF CODIS DNA #Z3e | S4B A 2 #5825

DYS385a/b & 2 & B A 5] » &
17 8% 7] AR 33k o WA DYS385 ATk & 8
FHEARVIEE (X7) RS > TH
RAAELG2EHBERVIGEH - £
ERABETHAGEARKRBEXD (
>25) & IFMEAERABER A B 4w 26~
27~28> f % B Y STR % K & JF Fe 4 %

BMARAN S ARERBEGAF » £+
HRAREEL A (11,13.2) Aey 1328
#(1652,17) #1652 & » A 55 &£ £
BATEERTHELAAFTZHEA 10X
(0.10% » 10/10903)  #2 14 X (0.22% >
14/6377) o

%7 DYS385ab ARALFHRE AT YSTR FEHAZRZAA AL LB A 0 Y STR T HE JESHHZR
ARz & (L3 AM103F12H6B8E2418)

BB B BIEE (%)
R R A A 3 Taiwanese Al?rf;‘(i:::n Asian Caucasian Hispanic AJI\rllitrli‘::Zn
(N=3251) (N=9537) (N=4284) | (N=10903) | (N=6377) (N=4194)
10.1,13 |1 (0.031)
10.2,12 1 (0.011)
10.2,13 1(0.024)
11,11.3 1 (0.009)
11,12.1 2 (0.018)
11,12.2 1 (0.009)
11,13.2 5 (0.052) (0})%” 1(0.016) |1 (0.024)
11,13.1 1 (0.009)
11.2,14 1 (0.009)
11.3,14 1 (0.009)
12,13.2 1 (0.011)
12,14.2 1(0.023) [1(0.009) |1 (0.016) |1 (0.024)
12,18.2 1(0.023)
DYS385a/b | 12.1,21 1 (0.023)
12.2,14 1(0.016)
12.2,15 1 (0.009)
13,>25 1(0.023)
13,13.2 1 (0.011) 1 (0.009)
13,14.2 1 (0.009)
13,15.2 1 (0.009)
13,15.3 1 (0.009)
13,16.2 1 (0.023)
13,16.3 1 (0.016)
13,17.2 1 (0.009)
13,18.2 1(0.024)
13.2,14 1(0.024)
10
132,15 (0.105)




26 MEHXE AR

13.2,16 9 (0.094)

2 (0.031)

13.2,17

1(0.009) |2 (0.031)

13.2,18

3(0.047)

13,27 |4 (0.123)

13,28 |5 (0.154)

14,15.3 1 (0.011)

1 (0.009)

14,16.3

2 (0.018)

14,18.2

2 (0.047)

14.2,15

1 (0.016)

14.2,17 1 (0.011)

14.2,18

2 (0.018)

14.3,16

1 (0.016)

14.3,18

1(0.024)

15,15.2

3 (0.07)

15,16.1 2 (0.021)

DYS385a/b 15.16.2

1(0.023)

15,17.1 1 (0.011)

15.2,16 1 (0.011)

3(0.028) [2(0.031) |2(0.048)

15.2,17 1 (0.011)

1 (0.023) |1(0.009) (01;;(”

15.2,18

1(0.009) |4 (0.063)

15.3,18 1 (0.011)

16,16.2 1 (0.011)

16,17.2

1(0.024)

16,17.3 1 (0.011)

16,20.2

1 (0.023)

16.2,17

1(0.016) [2(0.048)

17,17.3 1 (0.011)

17.1,17.1 1 (0.011)

13,26 |1 (0.031)

(=) YSTRIFMHAZZHMBEARA
B 5] 5 A

KAVA R FE AR AR T A B 5 AT d
24 F 7 (64 5 7 B A B & % F 4
(DYS385a/b] » fix#2 A # [DYS438 ~
DYS448] » k& 5 ) » & 8> L &
4 #% & 7] & & STRBase #4 36 #1 48 Bl X
R L LR 201% 5 % K& A H
X B Ed o RIERELZE (Luetal,
2006) % 2006 F K rEEE 2B H

PowePlexTM16 # 3F % #: 4% 32 & 3] & 71
SRS A LA (1) ERELTE
TR ERARKRAEMHR T REI
(2) FREELER: (3) HEF7F
AaAR A FIE S A g IE A BB K s (4)
BRABGHL ARMOGERFLEX
BRABRKGRBEHRRFT  $RF &
RET ALY 3IE>E > LPHER
1~3-6~13~16~19~23 B % — 8 » &
WASNE T 812 24 B W% =8> &



WIT~18 BB =48 -

5 1% F 7] & & STRBase #43& 4 3. 8
70 4 % A DYS389 % 9 A~ DYS391
% 6 M ~DYS438 # 7 A ~ DYS456 & 12
A R DYS458 89 13 & » H 4R ¥ K &£ # vk
ERR o AP LBRAEYGE > HRHE e

R STR A %1 $2 5k CODIS DNA A& 32 ) 4838 8 A 2 77 %% 27

1 fE & & 89 A 3] > 42 DYS392 89 14.1 & ~
DYS439 # 11.1 & ~ DYS458 # 14.1 ¥2 15.1
Ao A ey ki A A A DYS448
& B ALk e 2 {8 bk & 8 152~ 162~
18.2 $1 19.2 A3 ey K3 A AT ©

&8 JRFEBRARCHARE R A B 5 AT

5% A A 4 HEmERY 3l
1 DYS389 9 [TCTGI3[TCTAI6
2 DYS389 17 [TCTGI4[TCTA]13
3 DYS391 6 [TCTA]6
4 DYS392 14.1 [TAT]JA[TATI]13
5 DYS437 21.3 [TCTAJIO[TCTG][TCTAJATCA[TCTA]
6 DYS438 7 [TTTTC]7
[GATA]2TACA[GATA]3N14[GATA] GAT
/ DY5439 1 [GATA] AATAGAAA [GATA]L1
8 DYS448 15 [AGAGATI8N42[AGAGAT]7
9 DYS448 15.2 [AGAGATI]ON42AT[AGAGATI6
10 DYS448 16.2 [AGAGATI]10N42AT[AGAGATI6
11 DYS448 18.2 [AGAGATI]10N42AT[AGAGAT]S8
12 DYS448 19.2 [AGAGATI1IN42AT[AGAGATI8
13 DYS456 12 [AGATI12
14 DYS456 19 [AGATIIY
15 DYS456 20 [AGATI20
16 DYS458 13 [GAAA]L3
17 DYS458 14.1 [GAAA]J14GAGA;D2Ains
18 DYS458 15.1 [GAAA]I5GAGA
19 DYS458 21 [GAAA]21
20 DYS458 22 [GAAA]22
21 DYS458 23 [GAAA]23
22 DYS635 17 [TCTAJA[TGTA]J2[TCTA]2[TGTA][TCTA]S
23 DYS635 18 [TCTA]4 [TGTAJ2[TCTA]2 [TGTA]J2[TCTA]8
24 Y GATA H4 14 [TAGA]SN12[GATG]2AA[TAGA]4

(=) 2 HBmARAZ

£ 3251 18 Az %2+ 4 3R, 46 18 R B
AL EHEERY (multi-allelic) H %
(DYS385a/b A H AL A 2 7 A 318 % B
A) s AEARM A4k 9 ZAFY

B ER S ER L P2 EARAMAER
GHARAMBBAIME 3EAAREAL
ARMEB A 2@ 4 XAEAAER L
MARMEEH 2@ EHEEY L :
E3EARAEREPHLFRHERELLY
HEERGEEZEB/D 4R ERE



28 MEHXIE R4

oy AR E R T 6 BRI B RO S A
Lo 3E 46 18 5 B A R A AR ¢ﬁ43m
WAE B A £ DYS385 9 A WAL £ (3%
BAk4FZRAEAR) > 1 EREAFE
#£ DYS390 & 2 fEAx#8 & 4 4 £ DYS19 &9
AR E (HH28EBRE) s &£
SEAARNF > H1 AN P RFAREARA
ARz 2R 54 1AEEE T A 2018 :
o bERAFELZE2BMERE LY > £
9fE: £3MMERF Ly RD MERA1ME o
ERMEBYSTRAMNEY %A
AR > &Rk 9> RS

E1L2BERMBERASERVAG o b
&%%%m’&m%%mﬁﬁmé’

EHEAAERRR TR LB Y STR
aﬂ&?*%ﬁﬁ4%ﬁiﬂ’ ke & B
8 4 R R FRF > 2013141920 2 A
Bld k% & 1118 (0.34% 0 11/3251) >
£ B AR E P L12,1316 2 B 5 2
EHEBEBAAKRS > E 2218 (051%°

22/4284) o BT A S ARAIF ER S
8 A DYS448 % B {ir 85 19,20 & 3] » % 52

CRIFMEREA
BA > @ T &

18 (0.84% > 52/6184 )
o 0 £ DYS389 1 &

AT ZERARKR Y EHERAIEEARM 2R AL 1314 B3] > L HARK S &Y 23
AEARAA > mEEYSTR T4 A 18 (0.36% » 23/6377)
&9 KEATYSTREAEATYSTR AR § #HBE R USR] 2 b &
(43 MM 103412 A6 BZ 24 8)
MEI B AEEE (%)
X R A A3 Taiwanese African Asi C . Hi . Native
(N=3251) American stan aucasian 1spanic American
13,14 1 (0.031)
1
14,15 1 (0.011) (0.023) 8 (0.073) | 6 (0.094)
. 14,15,16 1
DYSI9*r 1517 1 (0.011)
15,16 1 (0.011) 10 (0.092) |26 (0.408) | 5 (0.119)
15,17 4 1
16,17 1 (0.031)
14,15 1 (0.012)
15,16 1 (0.012) | 1 (0.019) | 3 (0.082)
*
DYS456%a 15,17 1 (0.019)
16,17 2 (0.024)
12,14 1 (0.024)
*
DYS3891*b 13,14 (oézg) 6 (0.055) |23(0.361) | 1 (0.024)
16,18 1 (0.019)
1
DYS458%*¢ 18,19 1 (0.015) (0.025)
19,20 1 (0.015)
DY§f§5a/ 11,12,14 5 (0.046)




ZRSTRA

%|$23F CODIS DNA #

AR FERER AR 29

11,12,17 (0.023)
11,138,17 1 (0.011)
11,15,17 | 1 (0.031)
12,13,16 (0.514)
12,1318 (0.047)
12,13,19 (0023)
12,1320 | 1 (0.031) 1 (0.016)
12,14,15 2 (0.018) | 1 (0.016)
12,14,16 (0047) | 1 (0.009)
12,14,17 (0023)
12,15,16 | 1 (0.031) (0.047)
12,13,19,21 | 1 (0.031)
12,13,19,22 | 1 (0.031)
12,14,19,21 | 2 (0.062)
12,14,20,21 | 1 (0.031)
DYS385a/
i 13,14,15 (0.023) 2 (0.018)
13,14,16 1 (0.009)
13,14,18 | 1 (0.031) (0.047)
13,14,19 | 3 (0.092)
13,14,17,18 | 1 (0.031)
13,14,18,19 | 1 <o.031>
13,14,19,20 | 11 (0.338)
13,14,19,21 | 1 (o 062)
13,16,18 | 1 (0.031)
13,17,18 | 1 (0.062) (0.023)
13,17,19 | 1 (0.062)
13,18,19 | 5 (0.154)
13,18,20 | 1 (0.031)
13,19,20 | 4 (0.123)
14,15,17 1 (0.009)
14,16,18 1 (0.016)
15,16,17 1 (0.011)
16,17,18 2 (0.021)
17,19,20 1 (0.011)
18,21,22 1 (0.011)
22,2326 1 (0.016)
DYS390%*q 23,24 1 (0.031) 3 (0.05)
23,25 1 (0.016)
24,26 1 (0.01) 1 (0.001) 0




30 MWEHNEE fE4E
9,10 1 (0.001)
DYS391%d 10,11 1 (0.01) 1 2 (0.031)
11,12 (0.023) 2 (0.048)
10,11 1 (0.01) (0 323> 7 (0.064) |27 (0.423) |1 (0.024)
10,12 1 (0.024)
11,12 1 (0.01) 2 (0.018) | 2 (0.031)
*
DYS439%e 11,13 1 (0.001)
12,13 1 (0.01) 3 (0.028)
1
13,14 (0.023)
10,11 1 (0.001)
11,14 2 (0.021)
*
DYS392%¢ 13,14 1 (0.001)
14,15 1 (0.024)
Y_GATA_
Ha*h 11,12 1 (0.012)
14,15 1 (0.017)
) 15,16 1 (0.01) 8 (0.133)
*
DYS437* 15,17 2 (0.033)
15,18.2 2 (0.033)
17,19 2 (0.032)
17.2,19,20 1 (0.016)
18,19 3 (0.048) 1 (0.014)
18,19,20 1 (0.016)
18,20 8 (0.129)
18,21 2 (0 032)
19,20 2 (0.84) 9 (0.122) | 6 (0.127) |1 (0.029)
DYS448*k 19,21 (0178) 2 (0.027)
19,22 2 (0.032) <o§%>
19.2,21 2 (0.032) (0 325>
20,20.4 1 (0.021)
20,21 10 (0.161) 2 1 (0.014)
20,22 4 (0.065)

H3E N A AH o

*a & African America N=6871, & Asian N=4050, #& Caucasian N=8304, & Hispanic N=5222, & Native American
N=3671

*hrdse~g>j n>q>r & African America N=9537, £ Asian N=4284, & Caucasian N=10903, % Hispanic
N=6377, & Native American N=4194

*c f& African America N=6887, £ Asian N=4050, & Caucasian N=8392, £ Hispanic N=5228, % Native American
N=3659

*h #& African America N=6878, #& Asian N=4050, &£ Caucasian N=8410, % Hispanic N=5224, % Native American
N=3805

*] &£ African America N=7998, £ Asian N=4282, & Caucasian N=9755, & Hispanic N=6022, £ Native American



Z R STR # 31 $2JF CODIS DNA &3 S4B A 2 #1531

N=4172
*k f& African America N=6194, & Asian N=3993, #& Caucasian N=7360, & Hispanic N=4728, & Native American
=3390

% XRKA Bl Bt sF o RFIEL LB Y STR
T ELRBRBEER LA LB X% T
# 7 DYS448 + H HF % & Null B %
(&10) -

(w) Null #48% B 2 & bz

£ A — % A BB R T DNA
REHAXGA L > AP LDYS448 A B

fir 2 85 % » £ 16 R 2 0492% > & #3

%10 KRE AT YSTRNull BH#EB AT YSTR THE Null & 5| = bk

BRI HBEEE (%)
AR A A | Taiwanese African Asi C si His . Native
(N=3251) American tan aucasian 1spanic American
DYS456%a 0 |1(0.031) 13 1(0.025) |2(0.024) 2 (0.054)
(0.189)
DYS389I*b 0 |1(0.081) [1(0.011)
DYS389 I *m | 0 |1 (0.031) |1 (0.010) 1
' ’ (0.0092)
DYS458%c 0 |1(0.031) 4(0.099) |2(0.024) |1 (0.02)
DYS385a/b*n | 0 1 (0.011)
DYS391%d 0 1 (0.001) 1 (0.024)
DYS439%e 0 1 (0.01)
DYS635%f 0 1 (0.015) 1(0.012)
DYS392%g 0 2 (0.21) 1(0.001) |1(0.016) | 1 (0.024)
Y _GATA_
4% 0 1 (0.019)
DYS437%i 0 3(0.038) 3 (0.031)
DYS438%j 0 5 (0.052) 2 (0.018)
16 13 10 13 49
*
DYS4487k 0 (0.492) 5 (0.081) (0.326) (0.136) (0.275) (0.01445)

*a #& African America N=6871, & Asian N=4050, #& Caucasian N=8304, & Hispanic N=5222, % Native American
N=3671

*h~d>~e~g>j>n & African America N=9537, & Asian N=4284, £ Caucasian N=10903, % Hispanic N=6377, &
Native American N=4194

*c & African America N=6887, % Asian N=4050, % Caucasian N=8392, % Hispanic N=5228, % Native American
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N=3659

*f f& African America N=6869, & Asian N=4049, #& Caucasian N=8408, % Hispanic N=5223, £ Native American

N=3802

*h & African America N=6878, #& Asian N=4050, & Caucasian N=8410, & Hispanic N=5224, & Native American

N=3805

* f&£ African America N=7998, £ Asian N=4282, & Caucasian N=9755, & Hispanic N=6022, £ Native American

N=4172

*k f& African America N=6194, & Asian N=3993, #& Caucasian N=7360, & Hispanic N=4728, & Native American

N=3390

*m & African America N=9537, £ Asian N=4284, & Caucasian N=10903, & Hispanic N=6377, % Native American

N=4194

=Z~JFCODISEEAFISAR
AL BRBEHMGRFES
2 &R

A% MAhens HEEARA
Bl A B ARy FHAFE (Weir et al.,
2006) > WFEMBMGOR TFEL M4
AACEEIBARGAE R 41875
M LB R TEBEEH > R
JF CODIS-STR # [ fir A sk 69 44 . £ 3
9 (F411) Ei1s@EPErs (£4]2)
MARMERELIEREANGR TFELT X
o ZHl 1A 1ELHESES R (BREZEX
1) 88 (B 2) Hig > BAREEM
BAGARRG4EE > £ 40 /8 STR A B AL F »
CODIS# 13MEA R (&1l &K1 ZE
13) » ERAHRGERA : laRE > 27

% 11

fB3F CODIS (& 4-1° %% 14 2 40) & 9
fEkRAL > & 33% (9/27) » T PRk
2 AARREE A A o

£ 24 3MEA LS M A RE L
(BHEL1E23) FRAEREZ  #HE
Be R BRATRE R IR A » BN M 40 1B A B
frtg > AR 2 AR A 3 CODIS %
B fr 4 % % # TPOX 2 D13S317 % A 4r
THRBEX2-3AHEK > Rd o LAl
R ORIV R R B RS 2 ER R
% 2 3E Zek3F CODIS &9 1 % B AL (TPOX
1 D13S317) &+ & &) > & JF CODIS &
Borg » THrg ARy 5 A 78 (&
B 2) M11E (B3 R R
FA LA T FAT ° A% IF CODIS #FiR Y
AR B RFIRA 33.3% (18/54)

HKAAMEARAEL AR >N ZSTRAEER? & %58 1 £ 13 4 CODIS X A RAL » 4

3214 % 40 %4 3F CODIS X A R4 » BNBHR LRI HEEARA

% m A 241 % 45] 2
) B T
%'ﬁi o 2 2L 2 2L 2 2L 2 2L 2 L
5% 3XOH| 5 AR B B % | & 5 AR B B & ||’ & |’ %)
=2 Zn ~ =4 Zn 7 N
o s 1| K2 L1l K2 | X3
1 D8S1179 1D, P21 14/15 14/15 15/16 10/15 10/12 10/12 12/15 12/15 12/15
D21S11 1D, P21 29/32.2 30/32.2 29 /30 29/30 28/32.2 29/32.2 29/32 29/30 29/30
3 D7S820 1D, P21 12/13 12/12 12/12 12/12 10/11 10/11 10/11 10/11 10/11
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4 CSF1PO D, P21 10711 11/11 1112 11/12 10713 10712 10712 10712 10/12
5 D3S1358 D, P21 16/16 15/16 15/16 15/16 16/17 15/16 16/15 16/17 15/16
6 THO1 D, P21 719 78 8/9 8/9 9/9.3 9/9.3 9/9 6/9 9/9
7 D13S317 D, P21 8/11 8/12 12/12 8/12 8/11 11/12 9/12 8/12 8/9
8 D16S539 D, P21 10711 10713 10713 11/13 1112 11/12 11/11 11/11 11/11
9 vWA D, P21 18/19 18/19 14/18 17/18 14/16 14/14 14/14 14/14 14/14
10 TPOX D, P21 8/8 8/11 8/11 8/11 8/8 8/8 8/9 9/11 8/9
I D,
11 D18S51 P21,| 14/22 14 /14 14/14 13/14 16/22 15/16 15/17 15/21 13/15
HD
12 D5S818 1D, P21 911 911 11/12 11/12 10113 1113 911 911 /11
13 FGA ID,P21 | 18/23 23/23 23/25 23/23 22/23 20/22 20/23 20/24 20/22
14 D2S1338 ID, P21 | 20/23 19/20 19/24 19/24 19/19 19/25 23/25 19/25 1719
15 D19S433 ID, P21 | 15/15.2 ! /f5.é 21 13132 | 13204 13/15.2 13/15.2 | 14/152 | 14/15.2 | 15/15.2
16 D1S1656 P21 17.3/18.3 | 17.3/18 16/18 13/16 14/16 16/16 16/18.3 14/16 16/17
17 D6S1043 P21 18/19 15/19 15/19 14/19 1118 11/19 14/19 14/17 17/19
18 Penta E GP; ’ 16/16 11/16 1117 1112 11119 18/19 13/18 14/18 5/18
19 Penta D GP; ’ 9/9 9/10 10713 10/13 9/10 9/13 9/13 9/13 13/13
20 D12S391 HPI;l | 2124 17/24 1718 17/22 19/22 15/22 15/20 15/20 20/20
21 D2S1360 HD 22/22 22/22 22/ 22 21/22 22/23 22/22 22/22 22/22 22/22
22 D3S1744 HD, GP 1417 16/17 15/20 15/19 15/16 15/19 19/19 1719 1719
23 D452366 HD, GP - 9/11 11/11 11/14 9/12 9/12 9/11 9/9 9/11
24 D552500 HD 16/17 15/16 15/15 10/15 11112 11/15 12/15 12/16 12/16
25 D6S474 HD 13/14 13/14 13/15 14/15 13/16 15/16 15/15 13/15 13/15
25" D6S474 GP - 14/16 13/16 15/16 14/14 13/14 13/14 13/13.2 13/14
26 D7S1517 HD 20/25 25/25 24/25 21/24 24/25 24/25 25/26 25/25 25/26
27 D8S1132 HD 18/19 18/18 18/18 18/19 21/23 18/21 18/21 20/21 18/21
28 D10S2325 HD, GP w7 78 8/12 12/13 7/12 10/12 10/14 9/14 9/11
29 D12S391 HD 21/24 17/24 17/18 17/22 19/22 15/22 15/20 15/20 20/20
30 D21S2055 HD 25/27 25/34 34/34 32/34 25/25 25/28 25/28 26/28 26/32
31 SE33 HD 26.2/30.2 | 2 /26"2 2|2 25,22 " orams2 | 15302 16/282 | 17/28.2 | 17/26.2 | 20/26.2
32 D21S1437 GP 11/14 14 /14 10/14 10713 14/15 13/14 13/14 13/14 11/14
33 D22S683 GP 12/12 12/16 12/16 12/20.2 | 14.2/20.2 | 14.2/19.2 | 19.2/20.2 | 12/19.2 | 15/19.2
34 D8S1110 GP 23/29 26/29 26/28 28/28 23/27 23/28 26/28 26/27 27/28
35 D12S1090 GP 12/14 9/12 9/9 9/11 10/11 10/13 9/13 6/13 6/9
36 D17S1294 GP 14/15 15/15 16/15 14/15 14/14 14/15 14/15 14/15 15/15
37 D14S608 GP 6/11 6/11 11/11 10/11 79 7/11 10711 9/11 10/11
38 D20S470 GP 17/18 1317 13/14 13/16 10/15 15/18 16/18 10/16 10/16
39 D18S536 GP /11 /11 11/12 12/12 11/12 11/12 10711 /11 10/11
40 D13S765 GP 8/9 9/9 9/9 9/9 8/11 8/8 8/10 8/11 10/11
TEE

1D, AmpFISTR® IdentifilerTM ; P21, Powerplex® 21; HD, Investigator ®HDplex; GP, GenePhile G-Plex
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4& 12. %4 CODIS $2 3F CODIS # B i
ALY o KIIUEERE K
RERE (RBEEFAXKERGTERE)
BEAANTAREAS T A8 RIS
£ Y % (Heterozygosity Rate, H) (Weir et
al., 2006) ~ #E R #1 (Power of Exclusion,
PE) (Weir & Williams, 1997) ~ % #
M M & & ¥ (Polymorphism Information
Content, PIC) ( Fisher, 1951) ~ 4& 3| 7
(Power of Discrimination, PD) (Weir
& Williams, 1997) # 3 F o X » 3t 5
CODIS # B 4 $2 3k CODIS & B A % 5 $ 4
P (HE1) > AR EHAERRL
R o

Heterozygosity (H) = 1-Homozygosity =1- Epf
i

n n 2 n n n n n
pe=1-28p7-2($p7 ] +28pt+ 138 pr 38Rl

n n 2 n n n n n
pe=1-28p7-2($p7 | +28pt+ 138t 38Rl

pi = HBEREER

WRBERESHEERTECHER
REBIEEG 28 PES F A 0019 2
0.006 » /N # 0.025 » &7k % 3k CODIS STR
ARAMEABRBHGOBRTELFARS
&85 3| 71 » B ki kY 4 /814 3F CODIS STR
AR CODISSTR AR ZHE# % »
JE B 45 2 R 58 BT 42 A 69 JF CODIS STR 4
B AR Eey R AMEE - £ LE R
& A % CODIS STR & B 4ir J& A $x 43 4 45 71
71 [15] » A fe 32 M ABE L FRILA i
G RAOF VP

Brinkmann (1998) ¥ Urquhart
(1994) ©&FEH R % £ # STR 5 7] &
PALHH  ABEOERTEE - AGE
EHBE A A L STR AR Y
THEBU R ENG R TR
B B E > LFHREREZ CODIS £3F
CODIS STR ZM 8y L&A Key M4 » &
RB A P1EA 035 ¥ CODIS ~ JF CODIS
STR EM &) LR R L meA R B o

% 12 CODIS £23F CODIS STR A RArw{A 5 e EMFHE > B ARRAME 1. 6 AR ENR
BATHEE -

% A PE 3 STR 48y L 44
S NiE S Pk A z 5 H AR %
(Heterozygosity | (Power of | (Polymorphism (Power of
Rate) Exclusion) | Information | Discrimination) | [ II il v
Content)
CODIS
% B A 0.672 0.501 0.644 0.75 7 1 2 3
El=
CODIS 0.811 0.644 0.787 0.9 13 0 9 5
AR A
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p-value

211 1,0.019, 0/13 (0%) versus 9/27 (33.3%)
Z 191 2,0.006, 2/13 (15.4%) versus 18/27 (66.7%)

EPB RGN (RIEA 4-1 BRAF L E K, by 2-tailed Fisher s exact test

the motif structure of CODIS vs. non-CODIS, by Pearson’ s Chi-square, 0.35

* PRBLSERE R8I 2248 IHEEEFI I BERFAFR—ROERESFF NI ESEHFA R

—REBFA IVHEEREEFT] -

Reid % A #| A IdentifilerTM % % B
fir % 4 $2 38 hw DDCPlex ™ ¥ 48 & 3K #| :
Penta B, Penta C, Penta D, Penta E, F13A1,
F13B, FES/FPS,LPL and SE33 % 9 1@ %
B B 448 B 47 3§ /& 89 mini-STRs % B {i :
D1S1677, D25441, D10S1248 and D22S1045
AT OHTRRABHMORTFELT EHU
8} %, 5 B R 3 (Reid et al., 2008)
B b > K # %k IE CODIS STR 4 B 4
TRERMIRBERB ZHG — BTG
®HE o

1o~ B3R

KA/ A F DNA 48 €A E R4
FRAFNARAMECHERTHSFAFTAY
FEMEAE R R A ] 0 KT HI T LA
BIAR o LR ARG AN ETHEMK
¥ DNA 4% BF » 38 5 15 2 7 5| B5 6 R 72 —
HomtEAARAAIEE - R A A G
Him LBARES » RA BN E NI
s HIRA R T AR ey A
B BN RAB A F] o

£ Non-CODIS % F fir &£ #, 7 45 € #)
B 5% & Ak & AR F| 8 2L non-CODIS %
AR T 2@MPRAEHGRTELTE
Mo 335 o 9B R R SR AT TR AR 89 R
FHTIFECODIS ARG AME MR TET

E AR R L b CODIS A B AL & A H M F o

£ BB HRAE B (FBI) ©4t# CODIS
AR AL R BB B EF EIR
CODIS A RArty ¥ B » dafs kK — X G4
% DNA R AREF a9 FR > &b &tk
By 4 4A o DUIRME ] F DNA 483 69 TAE &
—B—HKRGFTE - MAMGRREA
By R4 CODIS % B AL &Y A79& 89 384 o 1
ARDNAEZZEREZRZALE RS9 8
AL E PR R — F R WA o
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