The Evaluation of Eight Commercially
Available STR Kits

Sutherland, Carrie B*, BS'; O’Brien, Robert I, BS'; Figarelli Debra A, BS'; Ring, Joan G, MS 7, and Grates, Kirk M, BA'

TABLE 1

Abstract: and the Yfiler® kit and Promega’s PowerPlex® 16 system, PowerPlex® — 0.5 ng corresponds with an average RFU of 2200 orofilor Pluss | Cofiter \dontifilor® PowerPlon s |powerPloxss | mimier ) PowerPlont Y Mixtures:

The National Forensic Science Technology Center (NFSTC) conducted a study Y system, and the PowerPlex® S5 system. - Note: this occurred once in the triplicate injection Suggosiod rescion N N » » - 25| 25| B
. f . P . f y N . . . . . volume It i E i E “; — T u 1 [ N Profiler Plus® | _Cofler@ | Tdentifiler® | PowerPlex® 16 | PowerPlex® S5] Yfiler® | PowerPloxo Y

to evaluate the pgrformance of.elght.STR gmpllﬁcgtlon k|§s. Appllgd Blogystems The samples were then separated and dete|cted using an Applied ?losystems At concentrations of 0.25 ng and lower, Profiler Plus®,Cofiler®, Identifiler®, ey o 117 ot 1 f-yibflilf LN LA B — Percontage of Ninor otbutorAlles Above 75 REUS

Ampf¢STR® Profiler Plus® ID kit, Cofiler® kit, Identifiler® kit, MiniFiler™ kit and 3130x/ Genetic Analyzer using manufacture’s recommended conditions: MiniFiler™ did not maintain minimum of 60% heterozygosity. Gl e e o S \”"“""“‘12""" e W

the Yfiler® kit agd Promega’s PowerPlex® 16 system, PowerPlex® Y system and — Applied Biosystems kits: 3kv, 10 sec injections, 8.7 ul Formamide, 0.3 il Avifacts (yeliow) 135 bp (Green) 198 bp (red) (yellow) not observed (yelow)

the PowerPlex® S5 system. GS 500, 1l of sample.

15 100% 100% 100% 100%.

Optimal range 0.5ng-1.0 ng 0.5ng-1.0ng 0.5ng - 1.0 ng 0.125ng to 0.5 ng 0.125ng to 0.5ng . Jto g 0.125ng to 0.5ng g 100% 88% 100%

— 0.25 ng concentration corresponds with the following peak L

i . Elevated Stutter (N-4) |not observed not observed VWA not observed
height ranges: : e T o
Excess noise, offscale/overloaded Excess nor e ————

The performance Of a Smgle source Serlal dI|UtI0n was aSSGSSGd W|th eaCh STR —_ Promega kits. 3kV, 10 sec injections, 9.5 IJl Formamide’ 0_5 pl ”_S 600, _ Profller P|US® _ 138 to 273 RFUS (N+4) - Below 75 RFUs |FGA, D18 not observed D18 5 D808 D7, D2, D21, FGA 5 G e o

P . o Excess noise, ] dye blob
ampllflcatlon kit based on a defined set of criteria: 1 “l of sample (N+4) - Above 75 RFUs |not observed not observed not observed = FGA gftsf R - o TR k (1110] " £ EL G
- Cofiler® — 210 to 350 RFUs > slight (-)A observed @ |(-) A present, not Excess noise, (-A) present THOT, : Excess noise, [

. Sensitivit Data was ana| zed usin GeneMapper® |D Software V32 . Minus (-) A not observed Amel, not callable callable FGA. Filtered out. not observed not observed
y y 9 - Identifiler® - 255 to 445 RFUs R

* Heterozygosity heterozygosity 100% 100% 100% 100% 100% 100% A A

) . - - _ Mlnl Fll erTM _ 1 870 tO 3250 RFUS RFU range 629-2195 729-2172 743-2855 12030 - offscale 13371-6640 5192-offscale I@-oﬁscale \%
* Baseline r.10|se o . Resu Its and D iIscussion: ) CoeaaRRia oo 100% 100% 100% 100% 100% 100% 100%

* Reproducible amplification artifacts At concentrations of 0.125 ng and lower, PowerPlex® S5

Conclusions:
+ In general, the concentration at which heterozygosity fell below 60% was
— — always higher than the concentration for which peak heights fell

. e . i n | IVI . H 0, ; (N-8) tat (N-8) tat DYS, 7 N
Heterozygosity and sensitivity from two person mixture series were compared to seCoictentrta‘t,ions at which alleles fell below 75 REUs for each kit are depicted displays loss of 60% heterozygosity. |Elovated stuttr (-4) |not observed T wa A (¥ e ggﬁ"::;m 3395"3'2;5.‘.?3?31’333 e ) N below 75 RFUs.
results obtained from single source samples. in table 1 p — 0.125 ng corresponds with the RFU range 228 to 753 (N+4) - Below 75 RFUs |D18 not observed D18 excess noise excess noise DYS393 DYoscl  wees \ = = " - PowerPlex® 16 appeared to be more sensitive than |dentifiler®, Profiler
. (N-+4) - Above 75 RFUs |not observed :%r‘ﬁf:::ewed@ not observed not observed D18, D18 DYS456, DYS392 {n+3} |DYS392 {n+3} E Plus® and COf"er®, however it dlsplayed stochastic effects at hlgher

MiniFiler™ and PowerPlex® 16 produced the highest RFUs for > s () A fotosserved ot """ |mel novcatable 7101 norcatatle | FGA Floredout|notobserved observed ot observed RFU values/concentrations when compared to these kits.

Introduction: -
= each concentration. oo - "
: . . . . . maintain 60% . MiniFiler™ appeared to be more sensitive than PowerPlex® S5 however
There are various commercial STR multiplex kits available to the forensic . ® . . heteroeyao . oy i oo, 0o, A Min . . .

science DNA community that are designed to address the ever-changing needs \denifler®, Profler Plus®, and Cofiler® exhibited comparable peak heights g e = it displayed stochastic effects at higher RFU values/concentrations.

: ;. ' above s 00% 100% 100% 100% 100% 100% 1
. . . . . . . to each other for each concentration. Pecentage of Loci with Heterozygosity — : \ lovated stutt
of crime laboratories. The primary goal of this study is to provide an overview of Greater Than 60% _ — =20RRAN AN :if qreted suter Dropout (where a heterozygote appears as a homozygote) was observed

key performance measures of the eight STR kits tested. Profiler Plus® displayed an RFU value less than 75 at 0.25 ng concentration at BTN . oo 75 ) notooeemed 10 bolow 73 RFLs_lova Nt obeoned J= e = i with MiniFiler™ and PowerPlex® 16 with approximate peak heights at 200

D7S820 in one injection of the triplicate data set. 4 (N+4) - Below 75 RFUs |not observed not observed not observed D7, D18, CSF, D16, D}i. D8, FGA D18, D21 DYS392{n+3)  \_|DYS390, DYS393 and 500 RFUs, respectively.

DYS389ll, DYS392

— Note: Profiler Plus® and Cofiler® amplifications were performed with 8 (1444) - Above 75 RFUs |no observed i i i i itz Dysass \o+3) ) - ;
= ' g — s FEo ey e ey e [ S Yfiler® and PowerPlex® Y perform similarly. Each kit had alleles that were
M at eria I S an d M et h (o] d H manufacture’s recommended 50 p| reaction. J @Profiler Plus Minus (-) A not observed i'.ﬂﬂ: rovoatabte 7\‘.32: roveatoon |2 gﬂo;\, sotoniblo EGAESOU N ot cbsorved not observed n} bserved p y

i ]
Materials: The RFU range was higher for PowerPlex® Y than Yfiler® at i N n N N oo | below or I.ess than 75 RFUs at 0-031?5 ng. o -
each concentration. ST —— 153657 ehey g 582:1685 N 1287-3391 5423817 1195:59% i ] L Laboratories should perform appropriate validation studies in order to
S— ; Q@% - e i e i — establish interpretation guidelines which should include assessment of
\ RS iy ?ﬁf;":;z";::;a&s LOD, LOQ and stochastic threshold for each amplification kit
peteeened and instrument.

not observed DYS456. not callable 389 I. Filtered out

« Standards from 2 male donors

+ Phenol:chloroform:lsoamyl alcohol (25:24:1)

. TE Buﬁer DTT and PI’Oteinase K 10” /U| Elevated Stutter (N-4) |not observed not observe VRV:C's)D i ‘év;/c;fo o below 7
) g 2 )

: : ’ o . Alleles Above 75 RFUs n+
Applled Blosystems Human DN(:)A Quantlfller®®Klt o (N+4) - Below 75 RFUs |not observed not observed not observed not observed D18, FGA kwobserved gigggg'(ﬂ;?wéam 33233@,%&"339" The mixture series performed as expected when compared to single
Applied Biosystems’ Ampf¢STR® Profiler Plus® kit, Cofiler® kit

J g 0.0078 0.01563 0.03125 0.0625 0.125 0.25 0.5

\dentifer® ki, MiniFiler™ kit and the Yfiler® Tarplt Concentaton (o) ' LS [wrine RCCINY 3 source samples at comparable concentrations.

Percent of Loci

(N+4) - Above 75 RFUs |not observed not observed notogserved not observed not observed not §bserved not observed not observed

Minus (-) A not observed Amel, not callable Amel, not caltable not observed callable. not obskrved not observed not observed

Promega’s PowerPlex® 16 system, PowerPlex® Y system ; Porcentage offoi rt
heterozygosi 85% 79% 85%

80% 7% N/A N/A
and the PowerPlex® S5 system @Profiler Plus [RFU range 52-205 'm 51-306 462773 3951348\ m 4512183
Running Buffer, 10X 8 ofiler e | Swcrssic Tt o Trene
)
not observed.

M |dentifiler above 75 RFUs i 92% 94% 100% 100% 100% 100% (Identifiler® vs PowerPlex® 16) (MiniFiler™ vs. Power}g)@ s5)
. EPowerPlex 16
16 capillary array, 36¢cm Dot I . ) mcbsoved,
POP-4™ polymer for 3130x/ EPowerPlex S5 Amp| ification Artifacts: Elevated Stutter (N-4) _|not observed not observed not observed not observed ot observed not observed not observed 389 il Fitered out
Matrix standards ::zcv:PlexY * Several dye blobs were present in the MiniFiler™, Yfiler®, Identifiler®, (N+4) - Below 75 RFUs |not observed not observed not observed not observed D18 not observed \QYS392 {n+3) DYS392 {n+3), DYS439
Internal Lane Size Standards 20% 1 PowerPlex® 16, PowerPlex®Y, Profiler Plus® kits. linena =it cheened % % ot bseris @a SN frotobsenes
—
80% 59%
0-268

Percentage of loci that
% .,_-

PR
b LR TSP

Percent of Alleles

sy42833338¢8

Hi-Di™ Formamide . Some instances of elevated stutter were observed for Profiler Plus®, R 7%
[RFU range 10-126 30-192

96-Well GeneAmp® PCR System 9700 0.0078 001563 0.03125 0.0625 0.125 025 05 Identifiler®, PowerPlex® 16. L — ? A \ N 11 11 ¥ T

Template Concentration (ng) above 75 RFUs 39% 44% 41% % 100% 100%

7500 Real-Time PCR System No elevated stutter was observed with Cofiler®, MiniFiler™, —
3130x/ Genetic Analyzer PowerPlex® S5. (N-8) present at DYS

Elevated Stutter (N-4) |not observed not observed not observed not observed not observed 389 Il. Filtered out

Meth od . Sensitivity Indlcatlons Of p|US Stuttel’ were Observed |n Several kltS and In some (N+4) - Below 75 RFUs _|not observed not observed not observed not observed not observed \sd \ DYS392 {n+3} Refe re n c es :

. o Y STR Amplification Kits . (N+4) - Above 75 RFUS not observed not observed not observed not observed not observed Internal Validation of STR Systems Reference Manual. www.promega.com
Two separate known human male DNA standards were prepared utilizing a (0.03125ng template concentration) instances were greater than 75 RFUs. N [ el DI ECETE Qrobeened e part # GE053, revised 9/06.
maintain 60%

standard organic extraction method in conjunction with the Millipore Minus A was observed in several kits, most notably in PowerPlex® S5. heerozygosiy a7 loose [oo% 4% 48% G y The most current user and technical manuals for each kit were referenced in this study.

RFU range 0-104 0-124 0-106 0-871 - 0-583

Microcon® 100 centrifugal filter device. . e oy Porceiage of iees - L. oo [ - ; i Manuals procured from www.appliedbiosystems.com (published 1998-2006) and

4%
The samples were serially diluted to yield the following target concentrations: www.promega.com/tbs/ (published 2008.)
1.0, 0.5, 0.25, 0.125, 0.0625, 0.03125, 0.015625, and 0.0078 ng.

0.03125 ng

Elevated Stutter (N-4) not observed not observed not observed not observed not observed not observed not observed not observ&

. .
Baseline Noise: RO ot csorvod e e T T A e e

* Al amplification kits displayed low background noise with the imit of T et F:s:zs:x:: F:z:zs:x:: F:z::&:m st F:z:zs:m s \ ' Study Contact and Author Affliations:
25% 25% 50% N/A
-61 -356

Average RFUs

The two standards were systematically combined to create the following . e
mixture ratios: 1:20, 1:15, 1:12, 1:10, 1:8, and 1:5. The targeted detection (LOD) ranging from 10 to 15 RFUs. : [Pecenags ffoa \ National Forensic Science Technology Center
heterozygosity 60% 54% NA 7881 114th Avenue N

concentrations varied per kit and were based on the performance of the - Porsonggoraioss = e — i . Largo, FL 33773
dilution series. (Profiler Plus®, Cofiler®, Identifiler® targeted 1 ng. PowerPlex® LOD = Xbtank + 36piank — - . - - - - = :

_60% hete_rozygosity One allele below 727-549-6067
16‘ POWerPleX® 85’ POWerPleX® Y and Yﬁ'er® targeted 05ng |Elevated Stutter (N-4) _|not observed not observed not observed not observed not observed not observed not observed not observed is not maintained 75 RFUs @ D7 www.nfstc.org
MiniFiler™ target was 0.25ng.)

The limit of quantitation (LOQ) ranging from 24 to 36 RFUs for all kits. (N+4) - Below 75 RFUs |not observed not observed not observed not observed not observed not observed not observed not observed

N+4) - Above 75 RFUs |not observed not observed not observed not observed not observed not observed not observed not observed

The samples were quantitated using the Applied Biosystems Quantifiler® o . %{{a’femw et potcbe T e orinsener
LOQ = Xblank + 106blank maintain 60% %
0-171

Human Quantification Kit on an Applied Biosystems 7500 Real-Time PCR Heterozygosity: ReG rage 028 e
System. The results were normalized with NIST quantitation standards. + As sample concentration decreases, the number of loci with In general, PowerPlex® 16 displayed a higher level of noise than the Coove TRrvS
Samples were amplified on an Applied Biosystems GeneAmp® PCR 9700 heterozygosity greater than 60% also decreases. other kits tested. ot Pamangor o 75 RFU, e toa # 0 s acsed 1t e lows Conconvaionan e o i compit

heterozygosity: dropout are not included in the total count in the triplicate data sets.
thermal cycler following manufacturer’s specifications. Applied Biosystems’ + At concentrations of 0.5 ng and below, PowerPlex® 16
AmpfeSTR® Profiler Plus® kit, Cofiler® kit, Identifiler® kit, MiniFiler™ kit, did not maintain a minimum heterozygosity of 60% at D8S1179 1st concentration to fall below 75 RFUs

19%

DYS3891
DYS389ll

21% N/A N/A 31% of the alleles in profile are
e 0-213 0-202 above 75 RFU threshold

0% % 0% 126% ‘7% 31% 24% 39%
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