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INTRODUCTION MATERIALS AND METHODS

Sexual assault samples are among the most difficult samples types encounteted by forensic SAMPI&E‘?{{ Coll.a}lzoratlve ?)tludy Wllth gzlversftyg)f Uznnessee
. . . . g . . 1tS with reportable results receive
laboratories. Typically a sexual assault sample has multiplex challenges including small quantity of male e 4. 7and9d 2 { lected af .
i ) i R ] e , 1 an ay samples (collected after separate acts of intercourse)
DNA, relatively high quantity of female DINA and the presence of PCR inhibitors. Therefore, there is a need Colsampe » Cervix and fornix samples
for a more robust, highly sensitive and faster method for assessment (i.e. quality and quantity) of DNA

extracts to determine optimal downstream processing methods, as well as an improved Y-STR amplification

* Original study designed for comparison of ‘standard’ analysis: Yfiler® and
‘enhanced analysis’ (Y-nested pre-amplification)
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system for profiling these difficult samples. (o gnly one lll)aselzlne Plelr kit (1-}‘:- not bef;)fe every S;‘mple) usiled . s
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We tested newly developed tools, including a DNA quantification kit (Quantifilet® Trio) that exhibits : o : ) 2 )
] s . RS i =7 A with condoms”; number of days in which this occurred during sample
high sensitivity, higher inhibitor tolerance and includes additional tools useful for the determination of DNA rﬂgﬁz,{%‘, collection was recorded)

. . . ) . 'Enbanced Typing' ‘Standard Typing' = 1 . . . . .
quality to inform downstream processing methodology. We also tested a new Y-STR kit (Y filer® Plus) with ™ o == * Original experimental schema shown (left): manual organic extraction (non-
enhanced capabilities. This 27-marker kit permits rapid amplification of single source and complex casework s differential)
samples. "ddn“’,f T R— * Results clearly demonstrated improved profile recovery using Y-specific

. . . . . o - i nested PCR pre-amplification (“enhanced’)
These two next generation systems are intended to generate an improved workflow for obtaining . Next generation YSTR kit PowerPlex® Y23 available
interpretable profiles from sexual assault samples. Here, we ptesent the utility of the new workflow in ) wosa . Considered alternative “enhanced” method
o o . . o (non pre-amp control)
processing sexual assault samples. We have successfully used the Quantifiler® Trio quantitation and v °* Results from a limited number of sample testing demonstrate the
assessment kit and the Yfilet® Plus amplification kit to obtain informative Y-STR profiles from challenging ool ability to use NGY Kkits to possibly improve profile recovery
. . . . ° R . . . . ® g ®
sexual assault sample types, including extended interval post coital samples collected 4, 7 and 9 days after Cuzzent et Hnpines elmaiion INEY Ldis Quantiilier® 1o andl Yillss
: : : " . Plus
intercourse (28 sets), which contained extremely low quantities of male DNA and high amounts of female Yeler (30 xcs)
(12.5ul reaction)
DNA (1:333 male:female DNA ratios or greater). Probative Y-STR profiles were obtained from these samples Quantifiler® Trio: manufacturer’s protocol followed
using the next generation quantification and amplification systems with mostly full profiles obtained if * Petformed on a 7500 Real Time PCR Instrument

>100pg of male DNA was present. Additionally, a good correlation between male quantitation and profile ° Data analysis performed using HID Real-Time PCR Analysis Software v1.1

recovery was observed, with a negative quantitation value indicating that a negative or unusable profile would i
95" C/1 min Yfilet® Plus: manufacturet’s protocol followed

be Obtair.led' . . . . . . Zi‘: g; zosfzc 'r 30x * All amplifications performed using a 9700 thermal cycler
Since the examination of 4-9 day post coital samples is not routinely performed by operational crime 50° G/ 22 rmin  Product detection was performed using a 3130 Genetic Analyzer (POP-7;

laboratories, we also performed an analysis of one set of 1, 2 & 3 day samples. We report the use of GeneScan™ 600 LIZ® Size Standatd)
Quantifiler® Trio, GlobalFilet™ and Yfilet® Plus to obtain full autosomal and Y-STR profiles. * Profiles were analyzed using GeneMapper IDX v1.4

PCR Protocol

Amp Time ~ 92 min

Quality Index (Ql)
Artificially degraded human genomic DNA

YFILER PLUS

Plus in Power of Discrimination

QUANTIFILER TRIO

*Includes all 17 loci in Yfiler® plus 10 new Y-STR loci including 7 rapidly mutating Y-STRs

Fast, rate decision tool
I ——— *Additional discrimination observed in 200 sample population study (left, bottom)

* Short analysis time (< 1 hour) = ‘
» Increased assay sensitivity and accuracy = 'Lh JL
* Decision making for forensic casework sampling — o

processing pathways? ; |

AMpHFISTRE NGM™ nlification Kit

lh 26 alleles (full profile)
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Plus in Performance
*Improved results with challenging case work samples

*Direct amplification protocol with single source samples

. . . Shorter Amplification times
Higher performance with challenging samples P

. In}proved petformance with low-ratio M:F . Plus in Data Analysis

mlxtures. . Quality Index (Ql) *Expanded allelic ladder
* IPC optimization to match performance of NG Casework samples (not artificially degraded)

STB k.lts . ) ) ' S VTS Workbook summary
* Gain information on sample quality prior to PCR QI =05 e "

amplification (Quality Index QI) l.m 1 W 0 Y Y | | er of Individuals 100 100 SenSItIVItY

’ - T *Significant partial profiles with as little as 31.25 — 62.5pg male DNA (left, top)
Glegsts O S *Avg. No. of Alleles = 17 and 25 alleles, respectivel

Enhanced workflow and data analysis -1__1 Jlf#_m; gl om T In:ligbitors > FOPECEVEY
* Flexible protocols for improved sample throughput  |Eaise *Full profiles in presence of high concentration of hematin (20, 200 uM) and humic acid (10,
* Improved consistency and homogeneity of DNA |IEGE

100 ng/pl)

*Yfiler® inhibited (no male profiles) at higher conc.

Mixtures

*Full male profiles in 1:1000 and 1:4000 male/female mixtures
*Minor male profiles detected in 1:8 male:male mixtures

standard
* Customized workflow templates plus data analysis
and STR setup tools

+Difference between the two targets assists users in identifying possible degradation Decumrence of Mast

Freqguent Ha ploty pe (3)

NGM Select™ Kit profiles

EXTENDED INTERVAL POST COITAL SAMPLES (4-9 DAYS)

» Goals : Total Yield — Male DNA (ng) Average Total Male DNA Yield (pg) Total Yield — Human DNA (ng)

Quantifiler® Trio F:M Ratio
+ Improve quantitation sensitivity? <€
+ Majority of standard extracts had “undet” Quantifiler® Y values *333:1 to 4,685,117:1
in previous testing *AutoSTR not possible

+ M/F ratio determination
* How much female DNA are we really dealing with?
+ Does “undet” quant result truly correlate with no profile

recovery? i
Yfiler® Plus Quality
+ Improve profile recovery (i.e. sensitivity) | | |||| (Degradation) Index

. L Il
+ Eliminate need for pre-amplification? | ; ; . >
- : : . . *No evidence of significant
- Ability to recover profiles with vast excess of female DNA? ~15 pl extracts; N= 28 kits (84 samples) Averages by time interval Based on T. Small Autosomal Values degra datiof
* Closer look at low range *Greater male DNA recovery in 4 day *~0.5-16 pg °Is sperm DNA quality
Samples: 28 of 69 UTHSC kits ("“400/ 0) *A few samples with higher quants samples (as expected) *Most > 2 pug masked?
*5 samples > Ing (1, 2, 2, 6, 18 ng) *Large variation
100P110 - 4 day 100P10 - 7 day 100P110 - 9 day
Input Male (ngl Y quant: 0.0538ng/ul; 538pg into amp Y quant: 0.0094ng/ul; 94pg into amp Y quant: 0.0001ng/ul: 1pg into amp
Yfilet® Plus | | T
* Wide range of input
l * Uptolng
| | | I| | I I } BT | 61;% W.ith >6 alleles 29:@ with >6 alleles 392& With >6 alleles
Yfiler® Plus Profiling Success Rate
Input Human DNA
( o ) — Yfiler ® Plus | (1R | *Percentage of full profiles for each interval
| T | | | *Significant % of probative profiles (=16 alleles) No. of Alleles vs. Total Male DNA (pg) in Amp
. g . e S 4 day — 46% (Low range shown)
. Ma]orlty with > 1],l.g | 7 day — 22% . . .
! 3 Bl 1 il 1 — o N e = 9 day — 22% =5 ° More alleles as input increases
| ‘ |’|“ ‘ || h| "“ ’ |||||| ‘ h"l ‘ ”I || e | © More or less complete profiles (>24 loci) with 100pg
| lu || | 2719ng total in amp; M/F 1: 5,056 2001ng total in amp; M/F 1: 21,209 1730ng total in amp; M/F 1:1,785,058 Number of Alleles =2 male DNA
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Global Filer

Total No. Alleles
T.Large | T.Small
Post coital Fraction | Autosomal | Autosomal Total Human] T.Y Total Male Deg Expected (73 - mixture) Male alleles | Female Alleles
Sample ng/ul ngiul (ngin S0ul) | ng/pl | (ng in 50pul) Index {42-female) (44 possible) | (42 possible)
{44 male]

2 . rnwed n° 44 _

— ng —
785 -———

0.0029 _-_- 0.807 _

*13 shared alleles between the two donors

Decision Making - Expected Results?

T. Large T. Small
Post coital
== Autosomal | Autosomal | Total Human Total Male
Sample (ng In 50pl) g/pl (ng In 50p1)
ng/ul ng/ul

1 day
NSP 33 1400 0.0027

2 day
0.615 0.4144 2468

3d NSP 187 185
sald " 0.0037 0.0029
Total Male

T. Large T. Small
Post coital Autosomal Autosomal Total Human

Sample neiil nakl (ng in 50ul) elul (ng in 50pl1)
NSP 269 292 0.5117

ko Sp 3.1871 2.2635 “ 2.1266 106

g NSP 33 1400 0.0027 0.14

v Sp 516 0.4144 0.2468

NSP 187 185

3 day — >
Sp 0.0037 0.0029

Deg Index |

1.087

0.708
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Observed Results Accuracy of profiles confirmed by comparison to reference profiles
Deg Index |
Yfiler Plus

Post coital T-Large | T.SMAl o human| T.Y | Total Male Deg Male alleles
Fraction | Autosomal | Autosomal Expected
Sampl ng MI nalul (ngin 50ul) | ng/pl | (ngin 50pl) Index (27 pasmble]
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1.087

). 708
0.857
0.674
0.983
0.807
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* In addition to the extended interval samples (4-9 days), we also wanted to evaluate - 0 Dz‘q _====
more routinely encountered intervals: 1, 2 and 3 days
* Differential extraction (manual organic) * GlobalFiler™ (Autosomal STRs) — top panel
- Samples quantitated with Quantifiletr® Ttrio * Non-sperm fractions (NSP): female profile only
* No degradation * 1day sperm fraction (SP): M/F mixture, major male, very minor female profile
* Decision making: GlobalFilet™ (autosomal STRs) or Yfilet® Plus (Y-STRs) (o * 2 day sperm fraction: M/F mixture (~1:1) . :
pzme])o e S )O - ) G * 3 day sperm fraction: no profile (no male quant; extremely low level human quant value ~0) Globaliﬂflr:M 1 ilay NET'SPerm Globa;}F;llerTl‘l’[ 1 da;fr-ISperm Yﬁlf;@l})lusll danSIPGfm
 All samples amplified with both kits to determine if “predictions” or “decisions” * Yfilet® Plus (Y-STRs) — bottom panel e Mi ) ma; F proll - il RSP
were good (bottom panel) * Full male profiles in 1 day and 2 day sperm fractions (also 1 day NSP) tnor partial iemale profrie
* Observed results consistent with information gained from Quantifiler® Trio * No male profile in 3 day sperm (no male quant, so negative quant = no result)
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