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ABSTRACT

Commercial STR typing kits are used by forensic laboratories worldwide.
DNA Analysis Center, Scientific Crime Detection Division 10, Royal Thai Police, employs
the AmpFLSTR® Identifiler® Plus kit. Later on QIAGEN® commercialized another STR kit
that targets the same 15 loci. If the performance of the two kits are on par, switching to
the QIAGEN® Investigator® IDplex Plus could reduce cost and investigation time. This
study compared the performance of the AmpFLSTR® Identifiler® Plus PCR Amplification
kit and the QIAGEN® Investigator® IDplex Plus kit. We evaluated peak height, percent
profile, intra-locus balance, inter-locus balance, stutter ratio, allelic drop-out and allelic
drop-in using both control DNA samples and casework samples. Sensitivity test with
different amounts of 9947A and 9948 DNA was performed. Three common PCR inhibitors,
including humic acid, hematin and calcium, were spiked into PCR reactions to test for
inhibitor tolerance. Casework samples were also used. The findings of this study
demonstrate that the IDplex Plus kit is more sensitive than the Identifiler® Plus. However,
the higher success rate of STR typing was obtained in Identifiler® Plus judging by the
average number of allele detected. The IDplex Plus kit was more tolerant to inhibitors
tested. Stutter values for all loci were within the expected range of less than 0.15 by both
kit. Our result suggested that IDplex Plus kit has the ability to replace the current STR kit

in the current workflow, without the need to replace or upgrade instrument and database.
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buffer) n3onauLiwladaLauanadiualsa (DNA polymerase) linuniudoda v s
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2014; Thanakiatkrai and Kitpipit, 2013; Tucker et al., 2011)
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1.3.1 HANIANBIAIN IIILAIIEH (Sensitivity study)
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1.3.4 ANNAINUADAILULINTEUINNIIND 13 (Inhibitor tolerance study)
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ATULREA 1 1.070 0.50 32 32
ATILLREA 2 61.100 0.50 32 32
ATILLREA 3 0.025 0.13 16 20
AMULRDA 4 0.024 0.12 24 18
AMULREA 5 0.028 0.14 4 10
AMLLRDA 6 0.105 0.50 16 32
AMULREA 7 12.600 0.50 32 32
AMULREA 8 15.800 0.50 32 32
ATULREA 9 19.700 0.50 32 32
AMULRAA 10 8.010 0.50 32 32
AMULREA 11 0.023 0.12 32 15
ATMULREA 12 0.026 0.13 32 14
WWaynszwaury 1 1.240 0.50 32 32
\Waynszwaury 2 60.200 0.50 32 32
\Waynsz¥auriy 3 45.100 0.50 32 32
WWoynszwaury 4 43.000 0.50 32 32
\Waynsz¥auriy 5 96.300 0.50 32 32
\Waynsz¥auriy 6 31.100 0.50 32 32
WWaynsz¥aury 7 93.600 0.50 32 32
Lﬁaqﬂizﬁmﬁw 8 2.750 0.50 32 32
Waynseourin 9 17.200 0.50 32 32
\aynszsfaurin 10 16.700 0.50 32 32
WWaynsevfourin 11 9.570 0.50 32 32
\Waynseourin 12 9.570 0.50 32 32

\aynsewauiy 13 11.000 0.50 32 32

D
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a (73
aNNINDw  USunomfauta  Identifiler

A20819 IDplex Plus
(ng/uL) (ng) Plus
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U%ﬁ'ﬂ;jw§@muw”w:@?aoﬁﬁmimuaaumﬁﬁm@”\‘mﬁmmﬂluﬁamﬁiﬁmiﬁfu6] Aann
o Y o a 6 s A a a £% °
azi Ul Ev¥inaaNuW STR INIAWEIUNITININANNAAITIA TR AR UAD D
w189 1uRA@Inwr @& a3 (Scientific Working Group on DNA Analysis Methods
(SWGDAM), July 2004) n3iiludagtiunsiisanunanmaigresdszinalnefisudazey
MIATIINFIRALIULBIINTAGWEIUN W TININAE F1UNITUAFINNANZIKAITII
FUNINUAITIAITIALRLRDNUURAINIERAT mzm’mqaﬁiimﬁanlﬁﬂﬁwmﬁﬂlu
mMyiavanaAuwW STR Aaraingn AmpFISTR® Identifiler® Plus daanidlaifiaunnsniaal
:‘ v a o 1 & 1 L

W.91.2555 7@1h187 IDplex Plus "L@ma@laaﬂmwmmaﬁswmgﬂm’] N1 RE

v 1 v 1 v a 6 & v 1 L
Jutlrznaldunnnin 12.6 suuneail lmLaa’ﬂuﬂ’ﬁmaﬁ]wqau@Laul,auaum’l TSEK

fNNTNATIVTANZRALEULadIURIILABINUAUTAUEY AmPFISTR® Identifiler® Plus

v
[

Sﬂmu’%ﬂ%;&“Nﬁmﬁddﬁmﬁﬁm@”@ndnﬁﬂi:ﬁﬂfmwua :mmmﬂuqmaﬁagnﬂ”ﬂ
UfATeAwgens anfediannalilunstianeigs (Builes et al, 2011; QIAGEN, 2012)
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I@mhmmauuuﬁﬁmaamﬂﬁwﬁ STR (Percent profile), Wallaniaaueid S]ﬁsummia
nsuUana (Artifact), @i’]ﬂ’;maw@]‘aﬂ'smgwaaaaaé’aﬁalu STR @UnIILALIN (Intra-
locus balance), mmmam;ammgamaaé’aﬁaizmwa@mmm STR luudazlwsing
(Inter-locus balance) LLaz@hmmaa@ﬂﬁawaoé‘aﬁaﬁmam”@ﬁ’;ﬂg@ﬁwmﬁmﬂ@haﬁu

(Concordance) (i (Tvedebrink et al., 2012)

M Inagaulseiniaingaiie AmpFISTR® Identifiler® Plus Was1a
1181 QIAGEN® Investigator IDplex Plus luduanulilionzidiaguszadifalinuy
= a A & <& v Ao A A o a v a [ A 6 A
faSunmdidueasduniasfigandimaninaralienzdldmnoRun STR Nauyininia
o ° \ . \ { A
Unngédadanunndunia STR vnialianugevasiaaglugsifiwinzaudinaa 500-
\ A \
6,000 RFUs (Butler, 2005) uaz ladidaudandaaudisuniudanisutlana (Artefact) n13
16 v 1 4 v lé =) 4
nanaslidradsfidnaniugulumdnsudTouiisuielildindiaofun STR 7
nywaafausdalunndiwnis STR ihnune theliitodantssainauaziiameiin
A € PR v a o ' A | o =
aMuWuW STR A1ld Usngdadansunnduniiniald uazmunndiingiinsmaniy
Aa a . . . { a X o ' { a
wIan1TiuvaIaaaa (Allelic drop-in/Allelic drop-out) Na1atiaduluaras9NTUTI1™
didwaniduianld anwansdnsuaasliiiuinzatiie QIAGEN® Investigator IDplex
Plus fitszinEmweduanuiiienzindnit gashen AmpFISTR® Identifiler® Plus las

a ' a v a A & % o o daAa a a =
W'i]’]im’ﬁl’mﬂﬂLOoElEJﬂ’J’]&JE;’J(\‘l”IJENaaaaﬂuﬁﬂﬂ’aﬁmdﬁi’lﬁ]’m%ﬂu@’mEJ’N‘YI&J‘IJ?N’]N@LB%LEJ

v @ 2
o A A o

Aiduttas 9 N1l aInaN1INTawI871 QIAGEN® Investigator IDplex Plus 11013
s L a A 6 ] g, va a A aidé’ (s 1 [
Uindysauiaiiniaasdiznaudns gmalugaimlildszaninwnaau dethagu
a et I3 fa & a 6 va a a A a A' J A
inmydsudysdulmiGianienafimeisaldiivszinsamlumaiudTanmuilin nie
o Iy A A &~ e o & A A & & o
Usudysldmsazarsidersdanuaimudedadudinszuiunisidearsundu dudu
(Myers et al., 2012; Vallone et al., 2011) unadianzlunsvyisenidersnuanediy
nuazinlddngaiie QIAGEN® Investigator IDplex Plus fgmunpiifidnsniuuazldduim
soulumandSunmnannndy Ae 30 vau luwmeNgaing AmpFISTR® Identifiler® Plus

o A a = . & ‘ o
MR NUSINudLdue 28 58U (Biosystems, 2012; QIAGEN, 2012) G9971989Ha lians
AuW STR 9n7asi11 QIAGEN® Investigator IDplex Plus 1#Anugsnasdadanuinnin
Mtk wan1Inasauawladianziaaiior AmpFISTR® Identifiler® Plus luanuidod
saaAsaInuNaNIINIRAaLTaE lasniauaznanuITenasaulszinininaeiga
¥ 4 - _

Wendinasaulas Wang Chang Lazathe Wad 2012 (Biosystems, 2012; Wang et al.,

& U { a =3 Qq: v al Qs a
2012) G378 I INUSIN UALEUEAIAY 62.5 - 1,000 WIANTH FINITOATIIINATIER
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laaranun STR ﬁaugszﬂmm:ﬁﬂ%mmﬁlﬁmam"'m”u 31 Alansy lanaatuNuw

ﬁLSuLaﬁ"l,aiauu“‘mi FIBNANTNIUFOUTAWILT QIAGEN® Investigator IDplex Plus 910

N

¥ v

w§Mmmmuwamum’m"lﬁl,mwzﬁﬁaa@ﬂﬁaaﬂ“'uNamsﬁnmlumu?ﬁsﬁtﬁuﬁu

( '

A & a A v A Awa A€o
aﬁ]’]ﬂ@nﬂﬁl']\ﬁ@]lsaul,aﬂ']ll@l&lﬂiu']m 31.25 WIﬂﬂ'ﬁJ Li&l&laaaa%qﬂvlﬂﬁ]']ﬂﬂqﬂwuwaflu?u

Dp X

1 -2 9888 (QIAGEN, 2012)

a =< @ A a 6 < A o a A
mswmsmmammamlamaaaaaalumawuw STR NUAINURIALTY Im%mlu

k3
& AR av AaA ]

wWniliaeindnsnluinuidoiife 61 Intra-locus balance NLLANTIANUFAIGAVDIANA
- . - e - e & oa

FIU098ARRIERINIABIBNAR LU STR duniiniti g lunidin STR dunstuddada

XOI08AANANINY (Heterozygous alleles) lagdn Intra-locus balance nullAgagaLinAy

& 2 o oa < ° oA o o @ & X A a &

1 Genunoiadaianiaedlu STR dunadeanudanugaviiu veiliftasananoiaw
A A a A ' &

ALOWLaNNIINABYLABIAITIZAFAFIBAN Intra-locus balance Useunms 0.6 w1
A ac X ]

(Debernardi et al., 2011; Tvedebrink et al., 2012) mmﬂwamiﬁﬂu’llumu’m&lﬁWU’nﬂg@

W81 AmpFISTR® Identifiler® Plus uaz7a1#181 QIAGEN® Investigator IDplex Plus w4

ﬂ"mgﬂwﬁaa 0.6 -0.11 4az 0.7 - 0.9 ANVAAL 6}?0Lﬁumﬁmm:ammwamlﬁﬁmm@

@ A
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A €A = & A= ! A A A a , . .
MoAunaLawetnuduadnenyananinnimiaanniafitiiundn Mixed DNA profile
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mnma‘ﬁnmﬁnmmauqamaammgwaaé”aﬁmwdw@‘mmm STR T
MUNUNLALINWRIBNLIILNTN Inter-locus balance WUANUUANAINUIZR TN ROITAWIN
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TILRAIDIUTZRNTAINNAVITAUN Uﬁluﬂﬁiwaﬂiwﬁm@lLauLaﬂ’J HNITUINNITIND DY
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&6 Inter-locus balance ﬁﬁmvl,ﬂmamﬂLLa@dﬁammqwaaé’aﬁaim‘i%mﬂa STR %
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balance ﬁwmnquﬁmn ™ furts STR lag luanaiuw STR maaqmaamﬁmﬁﬂa
vanily STR @i'n,mmﬁfuﬁmmgwaaé’aﬁaLmﬂ@mmn@mmua’é‘uGjmﬂlumﬂﬂuﬁ
a o & A A \ AA & Aaa | A Aa ' .
LAIN muLuaammwns:mumiwmmﬂﬂuﬂgnsﬂﬁLmqu #3871,38N071 Stochastic
reaction ﬁﬂﬁﬁ‘[ammﬁ@Lﬂuﬁaﬁaﬁ"l,;iam;aiﬁ (Imbalance) (Balding and Buckleton,
2009; Tvedebrink et al., 2012) nM3Liia Imbalance luaaRUW STR azFInalinsuUana
~ . & ) . A @ X A € & a A o
AMVLILINNIND LT Tdaunadudgilainaiafun STR wu g iludiduief laniann
ynaaaudnIaidudlduenzuvasyanaunnit 1 aw iudu (Balding and Buckleton,
2009; Buckleton et al., 2016; Debernardi et al., 2011) WLazN13LNa Imbalance Tuunday
o | ~ v A4 a X A A A & & o o \ A &

g STR Sunlhunudsn tlatSumaidnlaaddwannalad19aLaulaaaadann
NwITsnauniBnUSunuaduiaaiaulugie 1000 - 62.5 WlANTy (Wang et al., 2012)

& U L a w i
maa@ﬂaaanuwami‘ﬂ@aaﬂumm% Bk

nnmMaTouisulssEnFawszninagaiien AmpFISTR® Identifiler® Plus
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ALAWLANIRINTRG TN wAaLGay S10aALaT LAZLTNIAY NANIANBILEAIIALAWIN

Fa1%181 QIAGEN® Investigator IDplex Plus §10130N%N1%aad18 89Nl WNLIu

q
[
a & = a =)

mamamawmuﬂﬁﬁndwmﬁwm AmpFISTR® Identifiler® Plus Han15AN®109Na1H
mwaa(ﬂﬂﬁa\aﬂ”uﬂ”wamimuaaumﬁwm STR mnu’%ﬁ'mjwﬁml,amamsﬁnwﬁﬁ'ﬂ
fau ninh (Akane et al.,1994; Biosystems, 2012; Opel et al., 2010; QIAGEN, 2012) Tag
v o & aaa A A & < A A o o v a ° o a A
mmJmﬂgmmwmmimmu‘*ﬁu@uNawﬂ%mmgwaaaaamm:mmmaaaaaaﬂ
> o A a A o o \ A | A A o o &
anvialdsasadalIsufisunudmadiauguuindslddmaduaidugslagaslolu
A A ¢ < X A A A °
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wuniliSonlonanuazidwloy Tag polymerase lunszuiuwn13RGans (Opel et al., 2010)
1 =) =) a A a 1 1 o v
Tugrnvasdranagadinuuinludn sINanIzNUdanIzUIBNIINGa15riN v aa
a a R L 1 6 v A & 1 a é =3 A
YT ANTAINATIUNWIZWIN INTLNaTNUAL A M aul LU LaztaNIAundIny laluidarian
LA UA U INI TN T NaRAAINNRINITONITHNINUBY Tag polymerase 11
NITUIBANTNG as (Akane et al., 1994; Faber et al, 2013; Mulero et al., 2008; Opel et

al., 2010; Wang et al., 2012)

Namsﬁﬂmmnmiﬁ,ﬁmqwmuma%amwiuﬂﬁﬁué’]mu 64 N NUANNUTI
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Wisuifisuanuaaysnivasasfud STR nadngigaimnigessuninliuaais
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AW STR AigaaadasnuwAourinua agelsiaunusasanligaanaasni (Non-
concordance) 1434 2 8aRR NNE8LNILREN 1 alatsAaduilasidudanuraanaad
WinnL 99.7 LUasiSuAlas WL aaaaaINaILTIIH STR @wirild TPOX ﬂ%f‘rmaﬁmm@q
mmnmﬂ%@@ﬁwm@mn”uﬁ]:ﬁvlwsma§ﬁ<5haﬂ“'ulunwsl,ﬁwﬂ%mmﬁlﬁmalum:mums

[ a o ° ' { . . . . a s
woasvinlianaiaanuulsiuassdunibsfidu Primer binding site Aatdunadluln

v
e A

flizaanaasnuld (Ensenberger et al., 2010) nad laiwy Allelic-drop in 3NTAANBRNN

STR maoq@ﬁ’lmﬁmaa

a 6

L™ o l-‘-§ v o ]
aefuW STR aindnngiaaaaaasdiauisanylanndunis STR lasiia

@ & L A a ° o a & a ' & ' a
AOALADTLA muuwami%mmmmmLLa:LLﬂawaummqa BNUWL AL aNIZa 98911

AMUAUN STR ﬁﬁquwaaé’aﬁa@%ﬁ @”ﬂmfuiuﬂWSﬂuuaauqaﬁﬂml,ﬁ'uﬂ'%mm STR 911
u’%ﬁ'ﬂ;&’N§m:ﬁaaﬁﬂ’]iﬁnmé'm’]muﬂ’nugwaaﬁﬂaﬁmmm{ﬁﬁwﬁﬂu STR @AY
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Taszransfun STR luaunsii@ineneaas (Levinson and Gutman, 1987; Walsh et
al., 1996) :NNaNIENINAN I AeRnsaaees nuwwldumaRsdwsassansIn
mmgwaoﬁﬂa@l‘”@maﬁiﬁamiawgwaa STR W30UWIawe9 STR L1ANGW (Brookes et al.,
2012) muwgawuﬁﬂﬂaam”\‘ma'nmlm’hLmuﬁﬁﬁ'ﬂwm:mifg’mam@Lumﬂmwu
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D7S820 was THO1 AU STR dnumnskifitls Compound repeat ‘lefiri D2S1338, D3S1358,

a A

D8S1179, D19S433, D21S11 W&z VWA (Butler, 2012) #ananni luu1deafaniiua

LNWARIININNTT 1 WUD 1aadainud@1dnwNaIniIna oIl U LABAAIIRIaNLSuNq
004/ Q 1 a Qs &/ T 1 :/ { {
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Atue (Biosystems, 2012; Brookes et al., 2012; Mulero et al., 2006) atn4 lsiauLUasigud

o cd a & & L AN . a f = ¢
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U

aaa [ 4

Yossanass Fodusrfivanstlaluunefiddnerenaas (Butler, 2005, 2007, 2012)
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Many forensic STR kits are currently available in the market. The AmpFLSTR® Identifiler® Plus kit, which targets
15 STRs, is commonly used worldwide. The Thai forensic DNA community is built around it in terms of instru-
ment, databases, and interpretation. QJAGEN's IDplex Plus kit targets the same loci, but the PCR cycling time is
shorter by about 90 min. A direct comparison that assesses forensic parameters and applicability to casework be-
tween the two kits has never been carried out. In this study, we performed a direct comparison between the two
kits using serial dilutions of two control DNA samples and 60 randomly selected casework samples, including
samples taken from improvised explosive devices and terrorist raids. We statistically compared the performance
of the two kits in terms of peak height, number of allele detected (allelic drop-out}, intra-locus balance, inter-
locus balance, inhibitor tolerance, stutter ratio, concordance, and allelic drop-in. The results demonstrate that
both kits are statistically similar in performance. IDplex Plus gave higher peak heights in sensitivity test and tol-
erated inhibitors better, but had slightly worse inter-locus balances and stutter ratios. However, these differences
were not practically significant, as seen by the resulting profiles of the casework samples (p = 0.601). The per-
formance on low-template samples also was not different. In conclusion, laboratories looking to replace the
aging Identifiler® Plus might consider the IDplex Plus as a faster, more robust alternative that fits right into
their existing structure without further investment in instrument and DNA database. Having more kits available
worldwide by different companies could help bring the technology to different forensic laboratories and the jus-
tice system as a whole.

© 2016 The Chartered Society of Forensic Sciences. Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction

standardize the development and implementation of STR typing kits.
Manufacturers must perform developmental validation studies [4,5],

DNA analysis is crucial to criminal investigations and is considered
the gold standard in forensic science. Initially, the Federal Bureau of In-
vestigation selected 13 STR loci plus the amelogenin locus as the US
Combined DNA Index System (CODIS) Core loci [1]. Over 50 countries
worldwide have adopted the 13 CODIS loci as their standard set [2]. In
2012, the core loci was expanded to 20 loci: amelogenin, D18S51,
FGA, D21511, D8S1179, VWA, D13S317, D165539, D75820, THO1,
D351358, D55818, CSF1PO, D251338, D195433, D1S1656, D125391,
D25441, D10S1248, and DYS391 [3].

Various manufacturers sell commercial kits that target the core 13
loci and other additional targets. Relevant forensic agencies (e.g.
SWGDAM, DAB, and ENFSI) have issued rigorous procedures to

+# Additional note: This manuscript has been seen and approved by all authors and by
any person whose aid has been acknowledged.
* Corresponding author.
E-mail pthanakiat

http://dx.doi.org/10.1016/j.scijus.2016.06.008

com, phuvadol.t@psu.ac.th (P. Thanakiatkrai).

which are sometimes followed by comparative analysis by a third
party (e.g. [6-8]). Finally, an internal validation is necessary prior to
implementation in a working laboratory (e.g. [9,10]). Together these
studies are used to evaluate various forensic parameters, such as sensi-
tivity, robustness, effects of increased cycle numbers, and inhibitor
tolerance.

The AmpFLSTR® Identifiler® Plus kit, which types 15 STR loci
(CODIS 13 plus D2S1338 and D195433) and amelogenin, is widely
used. The forensic DNA workflow in Thailand is built around this kit
(i.e. gPCR machines, genetic analyzers, and databases are some exam-
ples) — an experience echoed by many developing countries. A few
years after the introduction of the Identifiler® Plus kit, QIAGEN® com-
mercialized the QIAGEN® Investigator® IDplex Plus kit, which types
the same 16 loci. In developmental validation, QIAGEN® claims that
IDplex Plus performs well in established methodologies for forensic
DNA analysis, offers high resistance to PCR inhibitors, and has high sen-
sitivity [11,12]. Additionally, this kit takes 90 min less than Identifiler®
Plus. Deciding which STR kit to use is very important; however, no study

1355-0306/© 2016 The Chartered Society of Forensic Sciences. Published by Elsevier Ireland Ltd. All rights reserved.
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has directly compared the performance of these two competing kits for 2. Materials and method
forensic use, especially on real casework samples. If the performances
are on par, adopting the IDplex Plus kit could save both time and 2.1. Samples

money for a forensic laboratory. Switching kits could improve turn-
around time, especially for high profile cases, without further invest-
ment in associated platforms, such as a new genetic analyzer or a
database upgrade.

Here, we compared the performance of both kits using both control
DNA, typical casework samples, and atypical casework samples (impro-
vise explosive device evidence). The following forensic parameters
were investigated: peak height, number of alleles detected (allelic
drop-out}, intra-locus balance, inter-locus balance, inhibitor tolerance,
stutter ratio, concordance, and allelic drop-in.

Table 1

The samples used in this study consisted of control DNA 9947A and
9948, as well as 60 casework samples. The control DNAs were diluted to
five input amounts: 500 pg, 250 pg, 125 pg, 62.5 pg and 31.25 pg. They
were used to assess sensitivity, intra- and inter-locus balance, stutter
ratio, allelic drop-in, and inhibitor tolerance. Casework samples that
were submitted to our laboratory from January 2014 to December
2014 were randomly selected for this study using a random number
generator. The type of case were as follows: 28 terrorist-related cases,
11 drug-related cases, 10 database samples, 7 homicide case, and 1

Number of alleles detected from casework samples using Identifiler® Plus and IDplex Plus (n = 45). The DNA concentrations and the input amounts are also shown. Rows in which
Identifiler® Plus detected more alleles are shown in blue. Similarly, red is used for rows that IDplex Plus detected more alleles.

Sample Case type [DNA] (ngjuL)

Input (ng) Identifiler Plus (alleles)  IDplex Plus (alleles)

Bloodstain 1
Bloodstain 2

Homicide { blood on gun
Homicide / blood on weapon

1.070 0.50 32 32
61.100 0.50 32 32

Bloodstain 7
Bloodstain 8
Bloodstain 9
Bloodstain 10

Terrorism / blood at scene
Terrorism / blood at scene
Terrorism / blood at scene
Terrorism / blood at scene

12.600 050 32 32
15.800 0.50 32 32
19.700 050 32 32

Buccal swab 1 Terrorism | suspect reference

Buccal swab 2 Terrorism / raid, suspect on scene
Buccal swab 3 Terrorism |/ suspect reference
Buccal swab4 Terrorism | suspect reference
Buccal swab 5 Database / current convict
Buccal swab 6 Database / current convict
Buccal swab 7 Database | current convict
Buccal swab 8 Database / current convict
Buccal swab 9 Terrorism / suspect reference
Buccal swab 10 Terrorism / suspect reference
Buccal swab 11 Database | current convict
Buccal swab 12 Database / current convict

Buccal swab 13 Database / current convict

60200 050 32 32
45.100 050 32 32
43.000 0.50 32 2
96.300 0.50 32 32
31.100 0.50 32 32
93.600 050 32 2

2.750 050 32 32
17.200 0.50 32 32
16.700 0.50 32 32

9.570 0.50 32 32

9570 0.50 32 32

Cigarette butt 3
Cigarette butt 4

Terrorism / cigarette at scene
Drug -related / cigarette at scene 0.024 0.12 32 32

10500 0.50 32 32
0.50 32

Cigarette butt 6
Cigarette butt 7

Terrorism / cigarette at scene
Terrorism / cigarette at scene

I

Electrical tape 2 Terrorism { tape in [ED

Hair Homicide / hair on victim

Unknown-swab 1 Terrorism / backpack at scene

_Average (SD) 13.14(23.6) 0.37(0.19) 27.07 (8.73) 2644 (8.76)
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rape case. The samples incdluded 13 bloodstains, 13 buccal swabs, 8 trace
DNA swabs, 7 cigarettes, 6 trace DNA tape-lifts, 5 pieces of clothing, 4
electrical tapes, 2 hair samples, 1 nail clippings, and 1 toothbrush
(Table 1; only 45 single-source samples are shown). Casework samples
were used to assess the kits' performances with typical samples and
challenging samples (i.e. improvise explosives) that are encountered
in forensic investigations. Casework STR profiles were also used for stut-
ter ratio analysis and concordance.

2.2. PR inhibitors

CaCl,, hematin, and humic acid were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Final concentrations of the three inhibitors were as
follows: 1 mM, 2 mM and 3 mM CaCl; in sterile water; 300 uM, 600 uM
and 900 uM hematin in 0.1 N sodium hydroxide; and 75 ng/ul, 150 ng/
uL and 225 ng/uL humic acid in sterile water. Each inhibitor was spiked
into a PCR reaction containing 500 pg of control DNA 9947A or 9948 to
test for inhibitor tolerance.

2.3. DNA extraction

All casework samples were extracted using the DNA IQ™ System
(Promega Corporation, WI, USA) following the manufacturer’s protocol.
All samples were stored at — 20 “C until amplification. DNA was eluted
in 20-100 pL elution buffer, depending on the sample type. Negative
controls were DNA-free swabs and positive controls were buccal swabs.

2.4. DNA quantification

DNA extracts from casework samples were quantified in duplicate
using the Quantifiler™ Human DNA Quantification Kit (Applied
Biosystems, CA, USA}. One microliter extracted DNA was added to
6.25 L Quantifiler Human Primer Mix and 5.25 pl Quantifiler PCR Reac-
tion Mix. DNA standards and no-template controls were induded with
each plate. Quantification data were analyzed with the SDS Software
v1.0.

2.5. STR amplification

Two replicates were performed for all samples. Positive and negative
PCR controls were included with every set of reaction. For the
Identifiler® Plus kit, a half-reaction volume of 12.5 pl, containing
5.0 pL PCR Master Mix, 2.5 ul Primer Mix, and 5.0 pL DNA, was used.
PCRs were performed using the ABI 9700 with the following conditions:
95 °C for 11 min followed by 28 cycles of 94 °C for 1 min, 59 °C for 1 min,
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Fig. 1. Sensitivity of Identifiler® Plus kit (blue triangle and striped bars) and IDplex Plus kit
(red squares and dotted bars). Average peak height per allele (in RFU) and the average
number of alleles detected are shown (n = 4 per input DNA amount). Error bars denote
one standard deviation.

then 72 °C for 1 min, and a final extension at 60 “C for 60 min. PCR prod-
ucts were kept at 4 °C.

For the QIAGEN® Investigator® IDplex Plus kit, a half-reaction vol-
ume of 12.5 pL, containing 3.75 uL Fast Reaction Mix, 1.25 pL Primer
Mix, 2.5 ul. nuclease-free water and 5.0 pl. DNA, was used. PCRs were
performed using the ABI 9700 with the following conditions: 95 °C for
5 min followed by 30 cycles of 96 °C for 10 s and 61 °C for 2 min. PCR
products were kept at4 °C.

2.6. DNA separation and detection

PCR products were analyzed on an ABI 3130xl Genetic Analyzer
using POP-4 polymer and 36 cm capillary. One microliter of amplified
PCR products were added to 10.7 uL formamide and 0.3 pL GeneScan
LIZ-500 for the Identifiler® Plus kit and 12 pL formamide and 0.5 uL
DNA Size Standard 550 (BTO) for the IDplex Plus kit. The mixed solution
was then denatured at 95 °C for 2 min. The injection condition was
15 kV/5 s and 3 kV/10 s for Identifiler® Plus kit and IDplex Plus kit, re-
spectively. Alleles were called using GeneMapper® ID v3.2.1. Except
for stutter analysis, an analytical threshold of 50 RFU and a stochastic
threshold of 200 RFU, which has an allelic drop-out probability of 0.01
[13], were used for all samples.

For casework samples, consensus profiling was used to obtain a sin-
gle profile and to account for allelic drop-ins. Alleles that were not re-
peatable were discarded. Mixtures were assessed using Caragine’s
et al. criteria [14] and removed from further analysis.

2.7. Statistical analysis

Using R and Microsoft Excel, the following parameters were
investigated:

« Alleles detected: the number of alleles detected in a profile.

« Intra-locus balance: This was calculated by dividing the peak height
with lower RFU by the one with higher RFU in a heterozygous locus.
Avalue close to one means that the two alleles are balanced. A ratio
of <0.6 is rare for single-source sample [15].

« Inter-locus balance: This was calculated by comparing the deviation of
the peak height for each locus from the sample average [7]. Normali-
zation of signal was carried out by dividing the difference by the
square root of the average peak height per locus [7].

Inter-locus balance = locus height—average peak heak height from 16 loci
‘average peak heak height from 16 lodi.
Negative values indicate that the locus has peak heights below the
average, and vice versa. A value close to zero indicates a well-balance

profile.

« Stutter ratio: Peak heights of peaks in position n-4 bp relative to the
true allele in position n bp were divided by the true allele peak height.
Genemapper’s stutter filter was not applied so that all signals in each
STR profile are detected.

« Allelic drop-in: A peak that did not belong to the reference profile, was
not a stutter, and was not a pull-up peak was counted as an allelic
drop-in.

Wilcoxon signed-rank test was used to compare the peak heights
obtained in the sensitivity study and inhibitor tolerance study, as well
as the number of alleles detected for the real casework study. For mul-
tiple comparisons due to different concentrations of DNA and inhibitors,
Holm-Bonferroni correction was employed. Repeated measures ANOVA
was used to compare the heterozygous balance and stutter ratios of the
two kits with the following stratifications: kit within concentration and
kit within locus, respectively. ANOVA assumptions were checked with
normal quantile-quantile plots (sample quantiles against theoretical
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Fig. 2. Intra-locus balance of the Identifiler® Plus kit (blue circle) and the IDplex Plus kit (red triangle). The means are shown as larger symbols (n = 4 for each amount; no homozygous loci

used).

quantiles) and homoscedasticity plots. A p-value of <0.05 was consid-
ered statistically significant.

3. Result
3.1. Alleles detected and peak height

The number of alleles observed and the average peak heights de-
creased as the amount of starting DNA template decreased (Fig. 1}.

We observed allelic drop-outs at 125 pg, 62.5 pg, and 31.25 pg for
Identifiler® Plus, while IDplex Plus showed drop-outs only at

31.25 pg. The differences between the two kits were less than two al-
leles at 125 pg and 62.5 pg of DNA, and no difference was observed at
31.25 pg. Average peak heights of Identifiler® Plus were about half of
IDplex Plus at all amounts of starting template (p < 0.001).

3.2. Intra-locus balance

Fig. 2 shows intra-locus balance of two STR kits with varying
amounts of initial DNA template. The mean intra-locus balance of both
kits decreased with decreasing template amount. The intra-locus bal-
ances were highly similar for the two kits {(p = 0.752).

Identifiler Plus
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Fig. 3. Boxplots of inter-locus balance (arbitrary unit) by locus and color of the Identifiler® Plus and IDplex Plus kits. Values close to zero indicate that the locus' peak height is close to the
average locus height of the profile [7]. The loci are arranged by color then by PCR product size (n = 20 per kit from 4 replicates of each input amount from 500 pg to 31.25 pg).
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3.3. Inter-locus balance

Fig. 3 shows inter-locus balances of the two kits by dye color and
locus. Identifiler® Plus showed better inter-locus balance than IDplex
Plus, as seen by the smaller shifts from zero both within and between
different dyes. For Identifiler® Plus, the blue and green channels (6-
FAM™ and VIC® dyes) had higher locus peak heights than yellow and
red channels (NED™ and PET® dyes}. For IDplex Plus, this pattern was
not evident, but loci with larger PCR product sizes showed higher
peak heights than those of the smaller loci (e.g. D2S1338 vs TPOX in
the green channel}).

34. Inhibitor study

IDplex Plus had higher tolerance to calcium and hematin than
Identifiler® Plus, but were on par for humic acid (Fig. 4A-C). At 1 mM
of CaCly, full profiles were obtained for both kits. At higher concentra-
tions, the numbers of alleles detected and average peak heights
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Fig. 4. Average peak height per allele (RFU) and the number of alleles detected for the
Identifiler® Plus kit (striped blue bars and triangles) and IDplex Plus kit (dotted red bars
and squares) with different concentrations of PCR inhibitor: (A) calcium, (B) hematin,
and (C) humic acid (n = 4 per concentration). Error bars denote one standard deviation.

decreased. More alleles dropped out for Identifiler Plus compared with
IDplex Plus (11 and 5.5 alleles detected versus 21.5 and 15.5 alleles de-
tected for 2 mM and 3 mM of CaCl,, respectively). For hematin, com-
plete inhibition was seen at all concentrations for Identifiler® Plus
while partial profiles were obtained for IDplex Plus (31, 25, and 1 al-
leles). The loss of alleles were accompanied by a marked decrease in
peak heights when going from 600 uM to 900 uM of hematin. Lastly,
for humic acid, full profiles were obtained for all concentrations with
Identifiler® Plus and at 75 and 150 ng/ulL for IDplex Plus. At 225 ng/ul,
30.5 alleles were obtained for IDPlex Plus. Average peak heights of the
two kits were very similar except at 150 ng/ul humic acid.

Lastly, no allelic drop-in was observed in any amplification using
control DNAs.

3.5. Real casework performance

Real casework samples were used to compare the two kits in terms
of real world performances (Table 1). Of the 60 samples randomly se-
lected from casework between January 2014 to December 2014, 15
were mixtures (1 bloodstain, 1 hair sample, 1 toothbrush, 4 pieces of
cloth, 3 trace DNA swabs, and 5 trace DNA tapelifts) and thus they
were eliminated from further statistical analyses. For the single-source
samples, DNA concentrations ranged from 0.011 ng/uL to 96.3 ng/uL
(yielding minimal DNA input at 0.053 ng and maximal DNA input at
0.50 ng). IDplex Plus detected more alleles in 9 samples and Identifiler®
Plus detected more alleles in 10 samples (Table 1). No difference was
seen in 26 samples. Both the averages (27.1 vs 26.4 for Identifiler Plus
and IDplex Plus) and the standard deviations (8.7 vs 8.8) of the two
kits were very close to each other (p = 0.601).

Considering only the 13 samples with DNA concentration in the low
template range (<0.15 ng added). Both kits still performed similarly,
with Identifiler® Plus yielding more alleles in five samples and IDplex
Plus yielding more alleles in six samples. The number of alleles recov-
ered from the other two samples did not differ between the two kits.
Overall, Identifiler® Plus detected an average of 18.3 4+ 11.1 alleles
while IDplex Plus detected 15.3 4+ 7.36 alleles.

Full concordance was observed for all alleles compared (n = 736
alleles).

3.6. Stutter analysis

Fig. 5 shows that the stutter ratios were very similar for the two kits,
with almost all ratios falling under 0.15. The two loci with the lowest
stutter ratios were THO1 and TPOX. Slightly higher ratios were seen
for the IDplex Plus kit (p = 0.04), with overall means and standard de-
viations of 0.070 + 0.042 and 0.074 + 0.040 for Identifiler® Plus and
IDplex Plus, respectively. Within a locus, smaller alleles gave lower stut-
ter ratio than large alleles at the same marker (data not shown) [16,17].

4. Discussion

This study is the first to directly compare the Identifiler® Plus kit, a
well-established commercial kit by Life Technologies, with the IDplex
Plus kit by Qiagen. Using both control DNA samples, typical casework
samples, and our unique touch DNA and low copy number samples
from terrorism-related cases, the performances of the Identifiler® Plus
kit and IDplex Plus kit were highly similar in most aspects. IDplex Plus
better tolerated inhibitors, but had slightly worse inter-locus balances
and stutter ratios. However, these differences were not practically
significant. In other words, IDplex Plus could be used in place of
Identifiler® Plus.

This sensitivity result of both kits agrees with the developmental
validation reports [12,18], and is not different from multiplex STR kits
of the same generation, such as the PowerPlex® 16 HS System [8]. The
difference in peak height, although statistically significant, is not practi-
cally significant as only a difference of one to two alleles was seen.
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Other relevant parameters — intra-locus balance, inter-locus bal-
ance, and stutter ratio — affect the interpretation of complex profiles
resulting from mixtures and low-template DNA samples [19]. The per-
formances of both kits conform to existing standards and other kits
(e.g. [6,8.20,21]}. The intra-locus balances of non-low template DNA
samples for both kits were above 60% [15]. As for inter-locus balance,
most values obtained were within + 20 arbitrary units, a figure that is
highly similar to the newer AmpFLSTR® NGMSElect kit and the
PowerPlex® ESI17 kit [7]. Most stutters did not exceed the general
guideline of 0.15 [15]. As expected, low-template samples had higher
stutter ratios than samples with higher amount of DNA (data not
shown} [22,23]. Similar to Brookes et al. [17], stutter ratios depend on
the longest uninterrupted sequence (LUS).

Concordance between the two kits was 100%, which is slightly
higher than other studies that compared different kits [8,16]. The differ-
ence could be due to the higher number of alleles compared in the pre-
viously published studies.

We tested inhibitor tolerance with three common inhibitors:
calcium (Taq inhibitor), hematin (Tag inhibitor), and humic acid
(sequence-specific inhibitor) [24]. These inhibitors are usually found
in bones, blood, and soil, respectively, and they could be co-extracted
with DNA. The inhibitor concentrations used range from possibly
found in casework to highly unlikely [12,25]. The difference in inhibitor
tolerance was again not practically significant. The results of the inhibi-~
tor tolerance test agree with the literature on these two kits [12,18,25].

The differences between the two kits — the higher peak heights ob-
served in the sensitivity test, the slightly more deviations in the
interlocus balance, the slightly higher stutter ratios, and the better in-
hibitor tolerance of the IDplex Plus kit — could possibly be explained
by the newer chemistry and increased cycle number (30 cycles in the
IDplex Plus compared to 28 cycles in the Identifiler® Plus). We did not
use the same cycle number because we wanted to compare the opti-
mized conditions suggested by the manufacturers, and not modified
conditions.

However, these differences did not result in better casework perfor-
mances. The results demonstrate successful STR typing of casework
sample using both the recommended input amount and low template
level of DNA. Both kits performed equally well, especially with optimal
DNA input. For lower input levels, some samples were better amplified
with onekit and vice versa. Using 1036 U.S. population samples [26], the
combined probabilities of identity (PID} for the smaller loci (<200 bp)

04-

Table 2
Combined probability of identity (PID) calculated from 1036 U.S. population samples [26]
for the two multiplex STR kits for small STR loci. Loci are arranged by dye color of each kit.

Kit Identifiler Plus IDplex Plus

Small loci (<200 bp) D8S1179, D21511* THO1, D3S1358
D351358, THO1 TPOX, D75820
D185433, WA D165539, CSFIPO
D55818 D18s51

Combined PID® 147107710594 x 10~° 141x107%

* D21S11 spans approximately 180 bp to 250 bp.
® PID for Identifiler® Plus calculated without D21511 and with D21511.

are similar between the two kits (Table 2}, even though only two loci
overlap (i.e. THO1 and D3S1358). If D21511, which have alleles ranging
from 180 bp to 250 bp, is included for Identifiler® Plus, its PID is better
than IDplex Plus by one order of magnitude. If not, the PID becomes
worse by one order of magnitude. Since both kits type the same 15
STR loci, the overall combined PID is the same for the samples that
yielded full profiles or very high partial profiles.

When we considered only the nine samples that showed some de-
gree of inhibition (difference in IPC Ct of at least 0.5 when compared
to standards}, both kits also did not differ in amplifying these samples
(data not shown). One limitation of using real casework samples is
that one does not know whether the alleles detected are true alleles.
We minimized the effect of allelic drop-ins by (1) using consensus pro-
filing from duplicate amplifications and (2) only using single source
profiles.

Our results suggest that IDplex Plus can replace Identifiler® Plus. As
the two kits target the same 16 loci and require the same instruments,
forensic laboratories can easily transition to the IDplex Plus kit. Doing
so would improve turnaround time, as the PCR cycling step of IDplex
Plus is shorter by about 90 min. An alternative kit might have the addi-
tional economic advantage as competition can help drive the prices
down. Also, availability of the STR kits by local distributors may vary
by country. As with any change in STR typing kit, one must keep discor-
dant alleles in mind and make appropriate safeguards in the transition
process, especially with database searching [16,27].

Although newer and more powerful kits, e.g. the AmpFISTR®
GlobalFiler™ kit and QIAGEN® Investigator 24plex kits, are currently
available in the market, transitioning to these new kits necessitates pur-
chasing of new genetic analyzers, rewriting of standard operating

Kit £ identifiler Plus E53 IDplex Plus

03+

Stutter ratio
°
i

0.1+

0.0-

v v v v v v v v v v v v v v v
CSF1PO D138317 D16S539 D18S51 D19S433 D21S11 D251338 DIS1358 DSSE18 D7S820 D8S1179 FGA  THO1  TPOX WA

Fig. 5. Shutter ratios of Identifiler® Plus kit (blue) and IDplex Plus kit (red) was determined from casework samples and serial dilutions of control DNA. Each dot represents one datum of

stutter ratio.
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protocols, and upgrading of DNA databases. The newer kits also cost
much more than the two kits being compared in this study. All these re-
quire additional investments of time, money, and labor, which might
not be available to a routine laboratory in a developing country.

5. Conclusion

This study focused on comparative performance of Identifiler® Plus
and IDplex Plus. As both kits target the same loci, we investigated
whether IDplex Plus could be a substitute to Identifiler® Plus due to
its lower cost per sample and faster PCR cycling time. The results
showed that although some differences were observed in some param-
eters, both kits performed equally well in most areas and did not differ
in casework performance. Thus, laboratories looking to replace the
aging Identifiler® Plus might consider the IDplex Plus as a viable alter-
native that fits right into their existing structure, including standard op-
erating protocols and current DNA database.
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Comparison of AmpFLSTR® Identifiler® Plus PCR Amplification
Kit and QIAGEN® Investigator IDplex Plus Kit
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Commercial STR typing kits are used by forensic laboratories worldwide. The AmpFlSTR®
\dentifiler®
Police. The newer Qiagen® Investigator IDplex

Plus kit is the main kit used by the Office of Police Forensic Science, Royal Thai
® plus kit targets the same 16 loci, but is cheaper
and take less time to run. Switching to the IDplex® Plus kit could potentially save millions of
baht and many hours of forensic analysts’ time. However, besides developmental validations,
no one has directly compared the performances of the kits.. Therefore, we aimed to compare
the two STR kits in terms of sensitivity. The IDplex Plus kit showed higher peak heights at all
amounts of DNA input tested as well as more alleles detected. The results suggest that further

studies should be performed for a more in-depth comparison between the kits.
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