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Presentation Topics

¢ Group Research Overview

Release of Standard Reference Material SRM 2391c
— STR kit concordance testing

STRBase website updates

Insertion/Deletion markers

— PlexID (Mass spectrometry)

Rapid DNA (PCR, cyclers, instrumentation, direct PCR)
Mixture interpretation training & TrueAllele evaluation
— SRM 2372 (recertification)

3500 Genetic Analyzer (validation)

Advanced Topics in Forensic DNA Typing: Interpretation

NIST Standard Reference Material
(SRM) for Forensic DNA Testing

SRM 2391b (2003-2011) SRM 2391c (2011-future)
« 48 autosomal STR loci with * 24 autosomal STRs, 17 Y-STRs,
certified values and Amel with certified values

* 26 additional autosomal STRs with
reference values

¢ 1STR (Penta C) with informational

values
¢ 10 liquid genomic DNA ¢ 4liquid genomic DNA
components + 2 punches (cells components + 2 punches (cells on
on 903 paper) FTA & 903 paper)

¢ 5single source + 1 mixture
¢ 3 males + 2 females (unique)
¢ All new samples

— no9947A or 9948

SRM 2391c to replace SRM 2391b and SRM 2395 (for Y-STRs)

¢ All single source samples
* 4 males + 6 females
¢ 9947A & 9948 included
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NIST Human Identity Project Teams
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Texthooks  Misturs, varont s & Somtrcs Exaction Explraion
mtDNA & Y Cell Line ID ‘
Office Manager
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Natijonal
I:}sntqte
of Justice http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
. E
Main Points: §

Margaret Kline Becky Hill
* Traceable physical reference materials to ensure accurate and

comparable measurements between laboratories

* Helps meet ISO 17025 needs for traceability to a national
metrology institute

*  http://www.nist.gov/srm The Latest and Greatest NIST PCR-Based DNA
Profiling Standard: Updates and Status of...

¢ SRM 2391c released Aug 2011

Presentations/Publications:

*  Profiles in DNA article (Sept 2011)
* ISFG 2011 and ISHI 2011 posters
* Forensic Sci. Int. Genet. Suppl. Ser. (2011)

http://www.promega.c es/articles/p d

Description of Components in SRM 2391c

50 pL of anonymous female 1.4— 1.9 ng DNA/UL

genomic DNA
50 pL of anonymous male 1.3— 1.5 ng DNAJUL
genomic DNA
50 pL of anonymous male 13-20
.3—2.0 ng DNA/uL
genomic DNA 9 H

50 pL of mixed-source
(Components A and C)

Two 6 mm punches of CRL-1486
cells spotted on 903 paper
Two 6 mm punches of HTB-157
cells spotted on FTA paper

1.4 — 2.0 ng DNA/IL

~75,000 cells per punch

~75,000 cells per punch

2 DNA concentrations and cell counts are nominal values and
are not intended for use as quantitative standards.

http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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STR Genotyping kits and primer mixes used at SRM 2391c Component D
NIST to certify SRM 2391c - - o —
Kit Provider Primer Mixes j 3 parts Component A to 1 part Component C (3:1, A:C)
Life Technologies Promega Qiagen NIST - 1 | afala| l
Identifiler Powerplex 16 ESSplex  26plex
Identifiler Plus Powerplex 16 HS IDplex miniSTRs -
NGM Powerplex ESX 17 -
NGM SElect Powerplex ESI 17 ! .
COfiler Powerplex ES >
Profiler Powerplex S5 e B
Profiler Plus Powerplex Y
Profiler Plus ID FFFL The certified ratio
SGM Plus for Component b,
SEfiler All results are concordant across all kits. cQ;ponent A
MiniFiler relative to that of
Yfiler Component C, is
; 31101
In total there is data for 51 autosomal STRs and 17 Y-STRs e i = S Ac/

Estimate of Each Component ! N L 2222

28
. "‘9’.* “~ The boxes (blue and orange) 1
Using True Allele Software  Paa’ fit the pesks rather well
Mike |
- - o oy Coble This confirms a good fit of the
l h «. model to the data.
g g s Bt
= o e — el 0.246 CompC  0.754 Comp A
Il b ' L i
T PO 29 30
X\ b t |
T - |-
L a __ |
Mixzure Varlance; NIST SRM2351c | | |
S - D21511 |
D.otE (872, £.788)
0,008 [9.215. 0.277) L

STR Kit Concordance Testing , Kit Concordance Comparisons ,

Main Points: /

* When different primer sets are utilized, there is a concern that allele Becky Hill Becky Hil
dropout may occur due to primer binding site mutations that impact Kits compared Samples Loci compared Comparisons # Differences Concordance (%)
one set of primers but not another SGM-ID 1436 u 15,796 1 99.994

- ID-ProPlus 1427 10 14,270 1 99.993

* To test SRM 2391b/2391c (PCR-based DNA Profiling Standard) ID-IDplex 669 16 10,704 19 09.822
components with all new STR multiplex kits and verify results against ID-PP16 662 . . .
certified reference values ID-MiniFiler 1308 128 kit-to-kit CompaI’ISOHS

SGM-NGM 1436

onew e 1,104,031 allele comparisons
PP 7 1224 differences observed
~99.9% concordance

| If no primer binding site i ‘ [ If a primer binding site mutation exists ProPlus-ESX 1427
ESI-ESX 1455
M 3 A ES-ESSplex 1445 (many corrected now)

ESX-ESSpl 1445
Set1Amplicons  Set2 Amplicons Set1Amplicons  Set2 Amplicons ESI-NGMS'I)E:;:t 715 Includes PP21

Presentations/Publications: BeCky jUSt Completed PPY23

*  Profiles in DNA article (Hill et al. 201_0) Kits (except Identifiler) were kindly provided by Applied Biosystems, Promega,
* ISFG 2011 and ISHI 2011 posters (Hill et al.) and Qiagen for concordance testing performed at NIST

* To gain a better understanding of primer binding site mutations that
cause null alleles

http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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http://www.cstl.nist.gov/biotech/strbase/

PPY23 Example Profile (2800M) NIST STRBase Website

) John Butler
1ng DNA; 30 cycles Forensic STR Information
STRs101: Brief Introduction to STRs
Core Loci: FBI CODIS Core STR Loci and European Core Loci
STR Fact Sheets (observed alleles and PCR product sizes
Multiplex STR kits
Sequeace Information (annotated) Cataloged as of Mar 2012
Farfun Allele Reports & 632 variant alleles

Tri-Allelic P * . X
ne e Pallems 310 tri-allelic patterns

Mutation Rates for Common Loci
Published PCR primers

Y chromasome STR< ¢ We invite labs to supply
Low-template DNA Information . . .

Mfixture Interpretation information on variant and
Kinship Analysis tri-alleles observed
miniSTRs (short amplicons) 4

Null Alleles - discordance observed between STR kits &

STR Reference List - now 3644 references #

Y
EE
FE—
Er
T

o

I

Typed >1450 samples

Compared to Yfiler and in house Y-STR assays
L i

l jI—
g8 8 B & ¢

e remm

S LA

© 0 00000000000 00

ini Insertion/Deletion (InDel) Marker
NYC DNA Training Workshop sertion/Deletio el) Markers
e
Now York DNA Training Workshop NIST I U
Toplcs and Technkques for Forensbc DNA Analysh. Mike Coble  John Butler Main Points: Manug Fondevi
Goasaning Fsnsiton Sombver . ) . Lo . Guest Researcher
e e e e s * InDels (insertion-deletion) or DIPs (deletion-insertion romamin
Wedarmdey, Al 18, 12 polymorphisms) are short length polymorphisms,
DL Rt 7AWt S 7.0 consisting of the presence or absence of a short
ically 1-50 bp) sequence
(t_vplca ) —
Agencks * Like SNPs, InDels have low mutation rate (value to T
004 K30 e It kinship analysis), small amplicon target sizes (value with ‘= |n/Del
#3100 o [ Intreiion & Szistienl Amabris Croriies degraded DNA), and can be highly multiplexed
 um BELAK * Can be separated and detected on CE instruments
1048 am = 03155 . Misimrs bntrpertaties (similar to STR analysis)
A S « Typed a commercial 30plex (Qiagen DIPplex) and an in Del
P A s e house 38plex (IPATIMUP) for over 700 U.S. population
. 300313 g BREAK samples
19448 o 1 STHS s AL el he Bompnen e
1 - 300 pom QA Presentations/Publications: In
*  FSI Genetics Suppl. Series 2011 article
e o o A — +  ISFG 2011 poster and ISHI 2011 presentation B
. . . N *  Manuscript submitted to IJLM (allele frequencies, mapping Deletion - ggtaacicic_taatcaa
http://www.cstl.nist.gov/biotech/strbase/training/NewYork-April2012-Workshop.htm loci, sequencing of null or imbalanced alleles) Insartion - gRlaactcic agea taitcaa

DIPplex Insertion/Deletion Assay (Qiagen kit) STR vs. InDel Profile Frequency Comparisons

= T S —— i —, ——— Each individual InDel assay supplies an average RMP value that is lower than the 13
- l CODIS STRs while the two InDel assays together (68 InDel markers) supply a
- ! I g ! ! l discrimination power higher than 20 STRs

’ ] = E = = e b B B B = 3
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http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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Identifiler — 7 alleles detected DIPplex — 49 alleles detected
035117; Result from a Highly Degraded DNA Sample | I | | | I |
El. IE} EE R EE B B B B 0B &
e B—— ATE A EH 4 # o i
D351358 160 bp Scaled to 2000 RFUs SR D ATTI AL
(LR NN H ] [ s i S
D195433 VWA
& o
LB T i s P S
Amemgem; S ™ S
| D55818
EE H 28 cycles; 1ng DNA template

Performance Assessment _ PLEX-ID mtDNA 2.0 Assay
Of PLEX-'D MaSS Spectrometerr [ i Coverage (24 amplicons) 8 triplex amplifications

o Kevin ester Pete Valone Positions 15,924 through 16,428 and 31 through 576
Abbott Ibis Biosciences

PLEX-ID System * FBI collaboration = = =
* Assessment of ESI-TOF mass

spectrometer for mtDNA analysis

—1

+ Base composition of the control s - -
region determined from 8 triplex PCRs C e - -
* Started operating the PLEX-ID ‘ RS o - o
platform mid-October 2011 e el —
. ?chedgled to complete experiments : N — i
in April 2012 — o —
. . . P — o — - o
» Concordance with Sanger sequencing, — - —
sensitivity, contamination, mixtures, 3 - - ~——-—-
robustness of assay/platform . o o e

s s g PLEX-ID Experiments

e
Number of Plates Number of Unique
Samples

Sensitivity

Full profile generated at 2.5 pg

per reaction (nuclear quantitation) e Mixtures 21 3
T Concordance 61 458
777 Primer Pair 2906 o o 5
Sensitivity / Limit of Detection 17 3
F R Contamination 15 1
Total 114 10,994 wells examined

¢ Mixtures can be detected with minor component
present at 20-25%

Concordance with Sanger sequencing (99.2%) (n=248)

o
.

¢ Full profiles generated at = 2.5 to 5.0 pg/well

http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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Rapid PCR and Rapid DNA Testing 3: E Rapid Thermal Cyclers

Pete  Erica Streck Philisa Thermo Scientific Piko ~ Ahram Palm PCR
Main Points: Vallone - Butts
« Performing research on reducing the total time required for STR
typing

— Focusing on the multiplex amplification of commercial STR kits
with faster polymerases and thermal cyclers
— Single-source reference samples (sensitivity > 200 pg)
* Designing testing plans for rapid DNA (R-DNA) typing devices
— NIST will be examining rapid DNA instruments in collaboration
with the FBI

Presentations/Publications:

* Vallone et al. (2008) FSI Genetics - on rapid PCR

* ISFG 2011 and ISHI 2011 presentations by Tom Callaghan (FBI)
* ISFG 2011 presentation and poster on direct PCR

#onilisa
“l

Heating: 15°C/s Heating: 5°C/s Heating: ?°C/s
Cooling: 12°C/s Cooling: 4.5°C/s Cooling: ?°C/s

Identifiler Profile - 14 min PCR Cycling Direct PCR
] - — | i T - Main Points: BT
;‘:‘ A « Exploring direct PCR protocols with FTA and 903 papers valone - Burs
L", — Typed 50 blood samples
4_.,3 E — PowerPlex 18D, PowerPlex 16 HS, Identifiler Plus and Identifiler Direct
Pl = s sy e . — Protocols, cycling times, genotype concordance, stutter, peak height balance
o] R 1 Presentations/Publications:
v l: "F ':gl' C « ISFG 2011 poster and presentation by Pete Vallone
) B2l ] B * “Direct PCR Amplification of STR Loci: Protocols and Performance”
« "Direct PCR with PowerPlex 18D: Performance and Concordance”
: | PowerPlex 18D
o T o | on |
. [os (o (o7 o (oo | pemad
‘: Streck Philisa thermal cycler A VWA D8 TPOX FGA
Cos |
25 year old Blood Punch (1986) Rabid-DNA Inst tati s
apia- nstrumentation f.,
PowerPlex 18D (903 paper) P e
_ valone e
E ¢ Multiple commercial efforts for a fully
=L integrated rapid DNA typing instrument
e e ———— — Buccal swab (input) — STR profile (output)
- WE W . L w L ] ¢ In collaboration with the FBl, NIST is
e developing a testing plan to assist in the
B L HE L assessment as the platforms become available
L/ = B R-DNA instrument
1 s T E E . DNA extraction, PCR, 1-2h .
separation/detection, and
Single 1.2 mm punch stored at room temperature interpretation

http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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! 1
TrueAllele Mixture Software Evaluation 'l,..?_l Promega ISHI 2012 Mixture Workshop
;?.

Main Points: ke cobie |

* Exploring the capabilities and D195433 result from one replicate of 2 % Forensics
limitations of a probabilistic 50,000 simulations = pe Amplified
genotyping approach 3 person mixture conditioning on the victim < N e

INTERNATIONAL SYMPOSIUM

* Studying TrueAllele software with a

ber of different t p Victim Suspects 94.8% ON HUMAN IDENTIFICATION
number of different types o
mixtures (including low-level and «John Butler, Ph.D., NIST, Gaithersburg, MD
3-4 person mixtures) z *Michael Coble, Ph.D., NIST, Gaithersburg, MD
« Work bei f d NIST rﬁv SuspectA *Robin Cotton, Ph.D., Boston University, Boston, MA
A ork being performed at A S *Catherine Grgicak, Ph.D., Boston University, Boston, MA
independently of Cybergenetics e «Charlotte J. Word, Ph.D., Gaithersburg, MD
g
2z 1.0% This workshop is for analysts, technical reviewers and technical leaders performing
2
& 24% and interpreting validation studies and/or interpreting and reviewing STR data,
P ions/Publicati 1.7% l particularly more difficult mixtures. Various DNA profiles will be analyzed and
resentations/Pu 'ca"?"s' P4 ¥ interpreted using selected analytical thresholds and stochastic thresholds to
*  ISFG 2011 presentation - = demonstrate the impact of those values on the profiles amplified with low-
«  ISHI 2011 mixture workshop 13,4 13142 1362 1814 162

template DNA vs. higher amounts of DNA. Different statistical approaches and

Genotypes X R y .
v conclusions suitable for the profiles will be presented.

See also Perln et al. (2011 Validating TrueAllele DNA mixture interpretation. J. Forensic Sci. 56(6):1430-1447

Status of SRM 2372 Status of SRM 2372

Margaret

Kine ¢ Current status Kiine

Margaret

¢ NIST SRM 2372 Human DNA Quantitation
Standard — currently not for sale (as of March 2012)

¢ Certified based on absorbance values

¢ gPCR evaluations are currently underway
¢ Recertify based on:

— 10D =50 ng/uL ¢ Updated absorbance measurements
— Used to calibrate qPCR standards * Digital PCR — independent copy number
— The absorbance of the components is drifting determination

(increasing by 10-15%)
— Possibly due to double strand to single strand
dissociation? (not evaporation)

Should not affect gPCR use of materials Goal is to have the SRM back
by fall of 2012

— Initial experiments are underway on the Fluidigm
digital PCR system

ABI 3500 Validation Studies Experimental Summary

Number
. . T T f Sampl h
Main Points: Erca Butts est ypes of Samples Used Examined
« The 3500 has proven to be reliable, reproducible and robust in - |Size Standard 16 Allelic Ladders per size standard 32
our hands — we have provided feedback to ABI to improve use [ Comparison (LIZ 500 vs. LIZ 600 v2.0)
« Produces excellent DNA sequencing results % Injection 3 samples heterozygous at 15 loci plus 15
« Signal strength is different compared to ABI 3130xI and requires & | Parameters Amelogenin 1 ng DNA input |3 samples per injection)
studies to set analytical and stochastic thresholds > Allelic Ladders 24
« Dye-specific analytical thresholds resulted in less allelic and 5| Precision 3 samples heterozygous at all 15 loci plus 6
full locus dropout than applying one analytical threshold to all é Amelogenin
dyes o -
Y ) o ) & | concordance 50 genomic DNA samples 60
« RFID tracking decreases flexibility in our research experience 4 SRM 2391b: 10 genomic DNA samples
92 - Dilution series of 3 samples heterozygous at 15 84
. o @ | Sensitivity A . 4 replicates of each
Presentations/Publications: HID in Action 5 loci plus Amelogenin dilution series
*  MAAFS talk (May 2011) 3500 Genetic Analyzer: Validation Studies .§ Mixtures  Mixture dilution series of 2 samples heterozygous 28
* ABI road show talks (July & Aug 2011) 3 at 15 loci plus Amelogenin
« ISFG tation (Sept 2011
presenta '°"( <P ) e s e . : Total Number of Samples 249
* Forensic News (Spring 2012) “ 8 s o '
DRENSICNEWS_HIDINACTIONHarticles Identical experiments for Identifiler and Identifiler Plus

http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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Validation Results: Reliability

* Injection parameters set ABI 3500 ISL Precision Study
for % PCR reactions at 28 et
0zs
cycles o s(LIZ 500): 0.06 bp
. < 020 | s(LIZ 600): 0.05 bp
— Default: 1.2 kV for 15s g
— Identifiler: 1.2 kV for 7s g ow
— Identifiler Plus: 1.2 kV for 55 & ,,,
* No significant difference

between the LIZ500 and e e
LIZ600 v2.0 size standards

Validation Results: Reproducibility

Overlay of 24 Allelic Ladders at D851179
« 60 samples concordant JS—
between 3130xI and 3500

— Total of 1689 alleles
examined

3500: Identifiler Plus

¢ Precision of base pair sizing

+0.05 bp between allelic

ladders and samples tested

— No significant difference
between the 3130x/ and 3500

— No significant difference
between Identifiler and
Identifiler Plus L

Validation Results: Robustness

¢ Minor component identified
correctly in a 1:10 mixture
ratio

¢ Sensitivity data examined to
set analytical and stochastic
thresholds

— Full (correct) profiles
observed from 1.0 ng to 100
pg

1:10

Identifiler

ABI 3500 Open Letter Update

Concerns Expressed in 3/31/11 Open Letter John Butler
RFID tags

New .hid file structure requires new software

3. Short shelf life of reagents — would like to see data
for expiration times

At the Promega ISHI meeting (Oct 2011), ABI described data for

studies around reagent expiration through a poster at their booth.
Sailus, Wheaton, Fisher, Calandro. “Understanding the Consumables on the 3500 Genetic Analyzers in the
context of a Human Identification (HID) Laboratory”

They have promised that polymer and buffer expiration dates will no
longer be a hard stop but only a warning with the future Windows 7
software upgrade (3500 Data Collection v1.3).

Forensic DNA Typing Textbook

3rd Edition is Three Volumes

John Butler

written |

eing

For beginning students,

general public, & lawyers FORENSIC ! FORENSIC
TYPING: TYPING:
INTERPRETATION

Fundan
s Of FOr

.-,“S

John M. Butler

Sept 2009 August 2011 Fall 2012
~500 pages ~700 pages ~500 pages

Advanced Topics in Forensic DNA Typing: INTERPRETATION

[Chapter TopicI [c; 't[;.)\z\mvet\ chapters) Features in New Book
ntroduction
1 Data interpretation overview (planned for Spring 2013 release)
2 Thresholds )
3 STR alleles & artifacts * Explanations of SWGDAM
4 STR genotypes & dropout interpretation guidelines
2 STR profiles * Interviews on report writing
Mixture interpretation f N N
o rom multiple perspectives
7 Low-level DNA and complex mixtures ple persp
8 * Mixture interpretation
9 Statistical interpretation overview « Kinship analysis
10 STR population data analysis .
11 Profile frequency *  CEtroubleshooting
12 Mixture statistics « Standard U.S. pop data
13 Coping with potential missing alleles « Numerous D.N.A. Boxes
14 Kinship and parentage analysis o
15 Lineage marker statistics (Data, Notes, & Applications)
15 Drawing conclusons & reportwrting | e e
Glossary relevance of equations
App 1 U.S. Population Data (24 loci with N=938) ~ "Better know a statistician”
App 2 Revised Forensic DNA QAS (Sept 2011)
App 3 DAB Recommendations on Stats (Feb 2000)
App 4 NRC Il Recommendations (1996)
App 5 SWGDAM STR Interp Guidelines (Jan 2010)

http://www.cstl.nist.gov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf
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Thank you for your attention!

Questions?
peter.vallone@nist.gov
1+301-975-4872

Our team publications and presentations are available at:
http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

http://www.cstl.nist.qov/biotech/strbase/pub pres/Vallone ENFESI 2012.pdf




