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NIST History and Mission

« National Institute of Standards and Technology
(NIST) was created in 1901 as the National
Bureau of Standards (NBS). The name was
changed to NIST in 1988.

« NIST is part of the U.S. Department of
Commerce with a mission to develop and
promote measurement, standards, and
technology to enhance productivity, facilitate
trade, and improve the quality of life.

$532 for 3 jars

* NIST supplies over 1,300 Standard Reference
Materials (SRMs) for industry, academia, and
government use in calibration of
measurements.

¢ NIST defines time for the U.S.

DNA typing standard
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e 27 publications (published or submitted) Since Jan 2006

» 45 presentations and 10 workshops to the
community since Jan 2006

* Training workshops: AAFS, MAAFS, MAFS, NEAFS, OCME,
MASP, NYSP, MN BCA (slides available on STRBase)

* PDI Workshops: Validation, mtDNA, gPCR

All NIST publications and presentations available on STRBase:
http:/iwww.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Training Workshops Conducted
http://www.cstl.nist.gov/biotech/strbase/training.htm
John Butler (and Bruce McCord, Robyn Ragsdale, Pete Vallone, or Mike Coble)

Advanced Topics in
STR DNA Analysis
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AAFS Workshop #6 (Feb 2006, Seattle)
Advanced Topics in STR DNA Analysis
Instructors: John Butler and Bruce McCord

For DNA analysts using the ABI 310 or ABI 3100 who would like to
better understand the underlying issues and science involved
with STR DNA typing

* STR Biology, Markers, and Methods

* Capillary Electrophoresis Instrumentation: Theory
and Application

« Validation Aspects to Consider in Bringing a New
STR Kit “On-line”

* CE Troubleshooting

¢ STR Mixture Interpretation

* DNA Quantitation with Real-Time gPCR
¢ Low-copy Number Issues

* Y-STRs and mtDNA

Available at http://www.cstl.nist.gov/biotech/strbase/training.htm

Training Materials Available on STRBase

http:/lwww.cstl.nist.gov/biotech/strbase/training.htm
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Training Materials/Review Articles

John Pete
Butler Vallone

* Workshops on STRs and CE (ABI 310/3100) and Other Issues
— John Butler with Bruce McCord, FIU
— AAFS, NYSP, MASP, NEAFS, MAAFS, NYC OCME, MN BCA, Mexico

* PDI/NFSTC Workshops
— Validation (John Butler with Robyn Ragsdale, FDLE) — Aug 2005
— mtDNA (Mike Coble with Suni Edson, AFDIL) — Mar 2006
— qPCR (Pete Vallone with Cristian Orrego, CA DOJ) — July 2006

< PowerPoint slides from Forensic DNA Typing, 2" Edition
— >150 slides available now (~1,000 planned) for download
— http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm

* Review articles
— ABI 310 and 3100 chemistry — Electrophoresis 2004, 25, 1397-1412
— Core STR loci — J. Forensic Sci. 2006, 51, 253-265

http:/lwww .cstl.nist.gov/biotech/strbase/training.htm
http:/iwww.cstl.nist.gov/biotech/strbase/NISTpub.htm

Review Article on STRs and CE

pdf available from http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Review 1 Introduction ...... .. 1397
1.4 General aspects ..o 1397

Jdohn M, ?"""' Forensic DNJ 1.2 Early work with GE. .. .. 1400
Eric Bual 4
Fadarica Crivellonts?* using the AB| i 2:::::: ::::;ET andinjection - 1;2;
Bruce R McCord®  fn egs ool 3 Sampleseparation. ......... o

for STR anal 3.1 The polymer separation matrix . 1403

. 1403

"Maticnal Instfute of Standards 3.2 Thebuffer. .. .
and Techrtogy, D#A typing with sheqd 3.3 The capillary . . . .. 1404
Mobechilogy DEYion 4 sample detection. . . 1405

Gatharstaurg, MD, USA
armont Forarsi Laboealory,
Watorbury, VT, LS4 Tof many laboratoned g 4

s=ich @ this ABI Prea] 5 -. 1408

1406

Sample interpretation

oo Univarsity, ﬁu““m “::;‘C‘“E w’:" 5.2 Assessing resolution of DNA separations. .. 1406

Dapartmant of Chemisery,

Athens, OH, USA i wrbel 11 e corrtact | © Applications of forensic DNA testing .. 1407
6.1  Forensic casework. .. . 1407

Thmusghput and anse)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

6.2 DNA opoo .. 1408
7 Increasing sample throughput. . . .. 1408
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Analytical Chemistry Application Review

June 15, 2005 issue of Analytical Chemistry

Forensic Science

T. A, Brettell*

Ofice of Forensic Sciences, New Jersey State Police, New Jersey Forensic Science and Technology Compiex,
1200 Negron Road, Horizon Center, Hamilton, New Jersey 08631

J. M. Butler
National institute of Standards and Technology, Gaithersburg, Mandand 20895-6311
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R. Saferstein Kiview Lomients
remac DINA Asalysis
Box 1334, Mount Laurel, New Jersey 08054 Collection, Characterization, Preservation,
Extracton, asel Cuantiation of Hacgical
sial
St Tandess Ropeats

250 articles referenced
covering forensic DNA
analysis during 2003-2004

Goneral Rivinrs

. Applied <
Support to the Community SISy Promege
...Bringing traceability and technology CR) m -DDC-
to the scales of justice... NT‘S E oDis

« Conduct interlaboratory studies

« Perform beta-testing of new human

@ Azl DONA |
; ) - At s e PELEI
identity testing products

. .@
+ Provide input to Eﬂ\%“ -
— Scientific Working Group on DNA Analysis -
Methods (SWGDAM) A3 NUJ
— Department of Defense Quality Assurance <

Oversight Committee for DNA Analysis
— American Prosecutor’s Research Institute

_(APRI) DNA Fore_nsics Program “Course- 1} E e
in-a-Box” for training lawyers W = ‘FE? g2

— WTC Kinship and Data Analysis Panel S - SO
(KADAP) k) - e
— 2005 Hurricane Victim DNA Identification <> NCBI m_&
Expert Group (HVDIEG) -
— NIJ Expert System Testbed (NEST) Project
SNPforlD

National Institute of Justice

The Research, Development, and Evaluation Agency of the U.S. Department of Justice

Current Areas of NIST Effort with Forensic DNA

¢ Standards
— Standard Reference Materials
— Standard Information Resources (STRBase website)
— Interlaboratory Studies

¢ Technology

— Research programs in SNPs, miniSTRs, Y-STRs,
mtDNA, gPCR

— Assay and software development, expert system review
e Training Materials

— Review articles and workshops on STRs, CE, validation

— PowerPoint and pdf files available for download

http:/iwww.cstl.nist.gov/biotech/strbase/NIJprojects.htm

Standard Reference Materials

http://www.cstl.nist.gov/biotech/strbase/srm_tab.htm

Traceable standards to ensure accurate
measurements in our nation’s crime laboratories

SRM 2391b — CODIS STRs
SRM 2392-1 — mtDNA

SRM 2395 - Y-STRs

SRM 2372 — DNA quantitation

Helps meet DAB Std.
9.5 and I1SO 17025

Calibration with SRMs
enables confidence in
comparisons of results
between laboratories

Standards Reference Material

Information Resource
http://www.cstl.nist.gov/biotech/strbase

P L e ere— =] e |uke *
- Short Tandem Repeat DNA Includes information on:
- Internet DataBase Cor.e S.TR loci
- Validation
) STR reference list
NIST Standard Relerence | s SRD 130 -t NIST publications
[Fecent Updates| .
miniSTRs
I Fon_ansm SNPs
T databua b biwm accisaed m e mwce [ PORTP T (T oumer roanery Va“ant STR a”e'es
P vr— Population data resources

Addresses of scientists

Provides up-to-date information and has been used in
court cases to support application of DNA technology

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Recent STRBase Updates...

http://www.cstl.nist.gov/biotech/strbase/updates.htm
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Technology: Research Programs mMiniSTR Overview Article

miniSTRs
Y-chromosome STRs \'¥ 21 |
MtDNA ~ Forensic News
SNPs

gPCR for DNA quantitation

DNA stability studies

Variant allele characterization and sequencing
Software tools

Expert System review

Assay development with collaborators

Applied
Bigspylflstems

http:/imarl i _Vol7/PDF/02A_CustomerCorner_Butler.pdf
Tmelne for mnSTRS J. Forensic Sci. Sept 2003 issue e oot LD 1T 485
| | ni ’ ’ vl aling s v et
and Demonstrating the Value of Using Reduced Size ters AL Buitter. 0 Vi Shen 2 P aad Broce 8 MeCond P 0

Amplicons for Degraded DNA

The Development of Reduced Size STR
« 1994 — FSS finds that smaller STR loci work best with S:‘Pr“acd‘:\'e"ds S;li’“"s for Analysis of
burned bone and tissue from Branch Davidian fire g

| e 2 100 120 140 180 120

« 1997 — New primers developed for time-of-flight mass [ TH.Ol PCR product size (bp) ' ' '

spectrometry to make small STR amplicons b

o ] TPOX
) ) 1 CSF1PO

* 2001 - Work at NIST and OhioU with CODIS STRs; 2000 | FGA  D21s11

BodePlexes used in WTC investigation starting 2002 o | l a0 I
¢ 2004 — Work at NIST with non-CODIS (NC) miniSTRs o] = 11 l

« 2006/07 — Applied Biosystems to release 9plex MiniFiler T1bp

http:/iwww.cstl.nist.gov/biotech/strbase/miniSTR/timeline.htm Size relative to ABI kits

. e . ® I
Comparison of PCR Amplification Success AmpFISTR® Identifiler .
. . . P 1 T T
Rates with Commercial Kit vs. miniSTR Assays 400 bp
Single amp for 15 STR loci 6-FAM
PowerPlex 16 Blue
Study with 31 bones vic
T e | S oaw ' Caww | from the “Body Farm” Green
] I IS R T (Knoxyille, TN) and NED
[T ——— Qo v Franklin County Yellow
Coroner’s Office (OH) F’REJ
P Disim  TROX FON Orange '
. o ) New AmpFISTR® miniSTR Kit (MiniFiler™)
Three amps for 12 STR loci -183 bp -173 bp T T —T T —T T T T T ™
Big Miniplex Miniple: Miniplex 4 100 bp 200 bp 300 bp 400 bp
T e A e N 2 o b1z D7
THIL DisHE WA VviC
- - - o A b2 oz
cERIRD (osim | NED
1% 3% T v@ Yellow D16 D18
TRon s DIEgsIs oLsuT PET
Opel K. L.; Chung, D. T.; Drabek, J.; Tatarek, N. E.; Jantz, L. M.;. McCord, B.R. (2006) The Application of Miniplex o
Primer Sets in the Analysis of Degraded DNA from Human Skeletal Remains. J. Forensic Sci. 51(2): 351-356. rande

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 4
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Why Go Beyond the CODIS Loci?

(1) Large Allele Ranges (e.g. FGA)

(2) “Unclean” Flanking Sequences (e.g. D7S820)

AAAGGGTATGATAGAACACTTGTCATAGTTTAGAACGAAC
(ONO)

OROXONO)

L S e e e Vo Ve e
TAACGATAGATAGATAGATAGATAGATAGATAGATAGATA

v\ —___
GATAGATAGATAGACAGAT TGATAGITTTTTITTTATCICA

[[Butler, M, Shen, Y., McCord, BR (2003) JFS 48(5): 1054-1064

November 14, 2006

Locations of Focus for New miniSTR Loci
(relative to CODIS 13 STRs)
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Characterization of New miniSTR Loci

“Computer Work”

) dentify )
Candidate STR Pull down sequencel Screen for Test primers for
[ marker selection }_’ { data from meweb}_' [ Chiomosome. }_’ { PCRPrimers | *| Multiplex-ability

e.0. Marshiield Clinic Center (eq.NCBY) (e:9. Human BLAT Search ) (eq. Primer3) (€. AutoDimer - NIST)

of Medical Genetics)
“Laboratory Work”

Test Markers on hor's‘:‘;;,‘:gf:s © Bl s i Consiruct
Population samples| detorming ailele sives Genotyping Allelic Ladders

Standard U.S. Population Dataset

http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm

260 Caucasians, 260 African Americans, 140 Hispanics, 3 Asians = 663 M ales
DNA extracted from whole blood (anonymous; extracted géfiomic DNA
self-identified ethnicities) received from
Interstate Blood Bank (Memphis, TN) and

" _ ) o o 0 0 e
Millennium Biotech Inc. (Ft. Lauderdale, FL)

To date: (>100,000 allele calls)
Identifiler (15 autosomal markers + Amelogenin) (10,608)
Roche Linear Arrays (HV1/HV2 10 regions) (6,630)

Y STRs 22 loci—27 amplicons (17,388) 1
Y STRs 27 new loci (14,535)

Yfiler kit 17 loci (11,237)

Y SNPs 50 markers on sub-set of samples (11,498) various human
Orchid 70 autosomal SNPs on sub-set (13,230) f ; f
miniSTR testing-new loci and CODIS concordance (9,228) Identlty testing
New miniSTR loci — for 26 loci, 17,238 genotypes markers
mtDNA full control region sequences by AFDIL

Genotypes with

Initial Testing Results with Potential miniSTR Loci

| «BDD ehiriclieizad BT rarksn: fr stnsning

R 26 new miniSTRs
[Frveinr] (NC01-NC09)

[ 81 ressthoars with chans® Riniving resgions.

l 23 agdtanal
&7 markers with amploon size < 125 bp ks

1 markers fos 20 additional loci
- characterized

= across U.S.
2addvanal .
'| marin population groups

11 ersarkotrs far iitial fesbng | o

[Tt thiwe i

NCO1
Minsiphedl

[Ty
DHS1AM
BEPEIS

DAAATT
=)

DAS2I8L

Coble and Butler (2005) J. Forensic Sci. 50(1): 43-53 |

Mike Becky John
Coble Hill Butler

No longer at NIST (AFDIL Research Section Chief since April 2006)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

New miniSTR
Non-CODIS (NC) Loci

* 32 STRloci tested on NIST 665 U.S. population samples

* 26 STR loci with allele sizes below 140 bp and good heterozygosities
(above TPOX level)

« Allnew STR loci are physically unlinked to the 13 CODIS core loci

« Submitted articles regarding primer sequences and locus characterization
including population statistics

* SRM 2391b components are being certified through sequencing for
D10S1248, D2S441, D22S1045; for reference purposes, genotypes for standard
samples (9947A, 9948, 007, K562) will be made available on STRBase

http:/lwww.cstl.nist.gov/biotech/strbase/newSTRs.htm
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Chromosomal Locations of New miniSTR Loci N -
; Characterization of miniSTR D12ATA63
1 meATATE ‘ . . GenBank accession AC009771; positions 55,349.55,437  [FAM] - GAGCGAGACCCTGTCTCAAG
R i oiszis | ?mnnsm?? TRE GGAAAAGACATAGGATAGCAATTT
Y mpsszs00 4 mDES1017
: " Chr 12 106.825 Mb
i (12923.3)
7 . 0 ; Trinucleotide
_ I ¥ A [TAA]J[CAA] repeat
s
§ ‘ Allele  Caucasian African Am Hispanic 76 -106 bp
S ! mD9S2157  emD10S1248  emD11S4463 | (N=260) (N =259 (N=140) Alleles 9 -19
9 -~ -~ 0.0036 .
® u 15 16 . 1 Heterozygosity Values
I $mD175974 *mD18S853 10 0.0019 0.0154 0.0036 U.S. Caucasian 0.842
D14S1434 = — §mD17S1301 11 0.1385 0.1525 0.1500 African American 0.788
e X 12 0.2154 0.1004 0.1786 U.S. Hispanic 0.879
Jlamex 13 00173 0.1564 0.0286 ’
D12ATA63 Allelic Ladder
1 20 2 » v 14 0.1615 0.3340 0.2214 - _ —
l‘, ooosions R L mpzzsioss | 15 00577 00772 00714 1] 13 6, 1a
' 16 02981 0.1004 0.2643 9 1112 a5 | 175
’ ’ ’ | N |
NCoL  NCOs Chromosome PowerPlex 16 17 00981 0.0521 0.0679 1 19
NCO05 NCO08 I ]
Neor e derifier | | Sex-Typing 18 0.0096 0.0058 0.0071 PICTERTE R g
19 0.0019 0.0058 0.0036 L S A
Comparison of heterozygosity values on 26 non-CODIS loci across the U.S. samples
examined in this study.
Locus N Heterozygosity Rank  African Caucasian Hispanic European Labs Have Adopted the
(Overall) American H".
D9S2157 661 0.844 1 0.884 0.840 0.779 NIST- Developed NC miniSTRs
ATA63 (D12 659 0.829 2 0.788 0.842 0.879
DI0S1248 (NCOL) 663 0.792 3 0.825 0.785 0.743 FSI (2006) 156(2): 242-244
D22S1045 (NCO1) 663 0.784 4 0.817 0.785 0.721 -
D2S441 (NC02) 660 0.774 5 0.798 0.780 0.721 Short communication
DI0SI435 66. 0.766 6 0.798 0.770 0.700 T . 3 .
D251776 654 0.763 7 0.740 0.801 0.734 I'he evolution of DNA databases—Recommendations
D354529 660 0.761 8 0.752 0723 0.829 for new European STR loci
D6S474 648 0.761 9 0.765 0.802 0,679
D5S2500 664 0.747 10 0.757 0.747 0.729 Doator (il ™ ceredav ™. Niels N ¢* Peter M. Schocider®
Die1627 poos 0.746 n 0788 0737 0603 Peter Gill ®*, Lyn Fereday ', Niels Morling ®, Peter M. Schneider
D1S1677 (NC02) 660 0.746 12 0.743 0.749 0743 Forensic Science v puae, L
D6S1017 664 0.740 13 0.807 0698 0,693 . I foe
D353053 648 0.739 14 0713 0724 0814 ey
D9s1122 659 0.734 15 0.753 0.742 0.686 . et
D17S974 664 0.732 16 0.757 0.702 0.743 kil de
D11S4463 664 0730 17 0.780 0676 0743
D4s2408 654 0.722 18 0.752 0.709 0.691 ...recommended that existing multiplexes are re-engineered to enable small
D18S853 664 0711 19 0.772 0645 0721 8 . P .
02031082 poot 0.696 2 0.702 0.653 0.600 amplicon detection, and that three new mini-STR loci with alleles <139 bp
D14S1434 (NCO1) 663 0.696 21 0.685 0.721 0.650 (D10S1248, D14S1434 and D22S1045) are adopted as universal. This will
D20S482 648 0.691 22 0.673 0.689 0.729 increase the number of European standard Interpol loci from 7 to 10.
GATAL113 (D1) 654 0668 23 0673 0632 0.727
D8S1115 664 0663 24 0629 0.660 0.729 .
D1751301 664 0.649 25 0.626 0.717 0.564 (D14 has been replaced with D2S441 from NC02)
D4S2364 (NC02) 660 0.511 26 0.385 0.551 0.664
Subdividing Common Types with Additional Loci
NIST Y-STR Goals 656 males from 3 U.S. populations| I
\ \ oYs19-14
John Margaret Pete Amy Minimal haplotype g:gxg:‘f;g
Butler Kine  Vallone  Decker (19, 3891111, 390, 391, 392, 393, 385 alh) DYS390- 24
26) DYSas1-11
« Standardize information resources on Y-STRs and U.S. Haplotype Dvesss 13
WGDAM ded | 438,439 DYS385 alb— 1114
nomenclature for alleles S I [ 2
@y (15) "@ I
* Understand variation in U.S. populations so the best loci / PowerPlex Y / -
can be selected for commercial kits
¥ 3 = ]
) 4) 1) | &) (12) o e

L

« Construct multiplex assays to quickly evaluate loci / \ /N \ Yfiler/ \\ (+448.456, y
1) MDA

@@ /v @ OO
« Provide reference material for laboratory calibration OO®E

(SRM 2395)
A) Identical: DYS...444,446,485,495,505,508,534,540,556 | 20 additional loci

B) Subdivide into two groups (2)(1): DYS...449,463,520,532,533,557,570,594,643
http:/www.cstl.nist.gov/biotech/strbasely_strs.htm C) Subdivide into three groups (1)(1)(1): DYS522, DYS576

GHOOOMHOE 0@

Adding either DYS522 or DYS576 to Yfiler loci resolves all 26 samples with the most common type.

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 6
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Mixture Interpretation:
Lessons Learned from
the MIXO05 Interlaboratory Study

John M. Butler

National Institute of Standards and Technology

CODIS Conference — October 23, 2006
Arlington, VA

Mixtures: Issues and Challenges

From J.M. Butler (2005) Forensic DNA Typing, 2" Edition, p. 154

¢ Mixtures arise when two or more individuals
contribute to the sample being tested.

« Mixtures can be challenging to detect and
interpret without extensive experience and

Carefu' trammg' Even more challenging with poor quality data
when degraded DNA is present...

« Differential extraction can help distinguish male

and female components of many sexual assault
mixtures. Y-chromosome markers can help here
in some cases...

November 14, 2006

Presentation Outline

* Mixtures: issues and challenges
* MIXO05 interlaboratory study (nitiated at copis conference Nov 15, 2004)
* Mixture interpretation variation — future role of expert systems

« Opportunities for community improvement and
standardization regarding mixture interpretation

Other Session Speakers
Angelo DellaManna — case examples and CODIS search strategies with mixtures

Elizabeth Johnson — software demo of USACIL 2-component mixture ratio program

Principles of Mixture Interpretation

major
Most mixtures encountered in casework are

2-component mixtures arising from a combination

of victim and perpetrator DNA profiles
Torres et al. (2003) Forensic Sci. Int. 134:180-186 examined 1,547 cases
from 1997-2000 containing 2,424 typed samples of which 163 (6.7%)

contained a mixed profile with only 8 (0.3%) coming from more than 1
two contributors minor

95.1% (155/163) were 2-component mixtures |

Ratios of the various mixture components stay
fairly constant between multiple loci enabling
deduction of the profiles for the major and minor
components

Some mixture interpretation strategies involve using A N\ n
victim (or other reference) alleles to help isolate iy

obligate alleles coming from the unknown portion of \ |
the mixture —L—,—A—

tp:/vvvew ot nist. htm
MIX05 Case #1; Profiler Plus green loci

Example Mixture Data (MiIx05 Study-Profiler Plus)

. e e e e e e ey | '
L] L] (] L] ] L] i e} Fol E ] F. O 0

Single Source Sample (Victim)

LEDard e 153 | Grean B B

Amelogenin D8S1179 D21S11 D18S51

Obligate Alleles (not present in the victim reference!

Y 12 28 16
True “Perpetrator” Profile
XY 12,12 28,31.2 15,16

Mixtures: Issues and Challenges

« Artifacts of PCR amplification such as stutter products
and heterozygote peak imbalance complicate mixture
interpretation

¢ Thus, only a limited range of mixture component ratios
can be solved routinely

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Mixtures: Issues and Challenges
From J.M. Butler (2005) Forensic DNA Typing, 2" Edition, p. 155
« The probability that a mixture will be detected improves with the use

of more loci and genetic markers that have a high incidence of
heterozygotes.

« The detectability of multiple DNA sources in a single sample relates
to the ratio of DNA present from each source, the specific
combinations of genotypes, and the total amount of DNA amplified.

« Some mixtures will not be as easily detectable as other mixtures.

MIXO0S Case #1; Identifiler green loci http:/www.cstl.nist. 05.htm
0351358 [ THO1 [ 0135317 1{ 185538 ][ 0251338 |
MIDGcase]_evidence.fsa 3 Green MMDS_§ Mixture?

Mixture Mixture? Mixture Mixture coon
sonn
Jn '\ I[ 2000
At
]
El
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Two Parts to Mixture Interpretation

* Deduction of alleles present in the evidence
(compared to victim and suspect profiles)

* Providing some kind of statistical answer
regarding the weight of the evidence

— An ISFG DNA Commission (Peter Gill, Bruce Weir,
Charles Brenner, etc.) is evaluating the statistical
approaches to mixture interpretation and has made
recommendations

Gill et al. (2006) DNA Commission of the International Society of Forensic Genetics:
Recommendations on the interpretation of mixtures. Forensic Sci. Int. 160: 90-101

ISFG Recommendations on Mixture Interpretation

July 13, 2006 issue of Forensic Science International

Our discussions have highlighted a significant need for
continuing education and research into this area.
ELSEVIER Fintramic Sciemot Mernatond 160 (06 .- |80

DNA commission of the International Society of Forensic Genetics:
Recommendations on the interpretation of mixtures

P Gill ™", C.H. Brenner ", 1.5, Buckleton ©. A. Carmacedo”, M. Krwezak ©, W.R. Mayr ',
M. Mol M. Prine", BM. Schneider ', B.S. Weir!

Abstrast

The DNAL

Then the DA comasisse:

elibeoad i Prsbebility of oxshesion: Missuras: 151G DA commbssion

A High Degree of Variability Currently Exists
with Mixture Interpretation

e “If you show 10 colleagues a mixture, you will
probably end up with 10 different answers”
— Peter Gill, Human Identification E-Symposium, April 14, 2005

< Interlaboratory studies help to better understand
why variability may exist between laboratories

* Most analysts are only concerned about their own lab
protocols and do not get an opportunity to see the big
picture from the entire community that can be provided
by a well-run interlaboratory study

NIST Initiated Interlaboratory Studies

Studies involving STRs # Labs Publications

. Kline MC, Duewer DL, Newall P, Redman JW, Reeder
Evaluation of CSF1PO, 34 DJ, Richard M. (1997) Interlaboratory evaluation of STR
TPOX, and THO1 triplex CTT. J. Forensic Sci. 42; 897-906
" . . Duewer DL, Kline MC, Redman JW, Newall PJ, Reeder
Mixed Stain Studies #1 DJ. (2001) NIST Mixed Stain Studies #1 and #2:
and #2 (Apr-Nov 1997 45 ory of DNA practice
and Jan—May 1999 and short tandem repeat multiplex performance with
4 ) multiple-source samples. J. Forensic Sci. 46: 1199-1210
MSS3 Kline, M.C., Duewer, D.L., Redman, J.W., Butler, J.M.
(2003) NIST mixed stain study 3: DNA quantitation
accuracy and its influence on short tandem repeat
Mixed Stain Study #3 74 multiplex signal intensity. Anal. Chem. 75: 2463-2469.
(Oct 2000-May 2001) Duewer, D.L., Kiine, M.C., Redman, J\W., Butler, J.M.

(2004) NIST Mixed Stain Study #3: signal intensity
balance in commercial short tandem repeat multiplexes,
Anal. Chem. 76: 6928-6934.

cati Kline, M.C., Duewer, D.L., Redman, J.W., Butler, J.M.
DNA Quantitation Study 80 | (2005) Results from the NIST 2004 DNA Quantitation
(Jan-Mar 2004) QS04 Study, J. Forensic Sci. 50(3):571-578
. ) Data analysis currently on-going ...
Mixture Interpretation 69 Poster at 2005 Promega meeting (Sept 2005);
Study (Jan - Aug 2005) available on STRBase
MIX05

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Overall Lessons Learned
from NIST MSS 1,2,&3

» Laboratories have instruments with different
sensitivities

 Different levels of experience and training
plays a part in effective mixture interpretation

* Amount of input DNA makes a difference in the
ability to detect the minor component (labs that
put in “too much” DNA actually detected minor
components more frequently)
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Purpose of MIX05 Study

» Goal is to understand the “lay of the land”
regarding mixture analysis across the DNA
typing community

» One of the primary benefits we hope to gain from
this study is recommendations for a more
uniform approach to mixture interpretation
and training tools to help educate the community

November 14, 2006

Mixture Interpretation Interlab Study
(MIX05)

* Only involves interpretation of data — to remove instrument
detection variability and quantitation accuracy issues

* 94 labs enrolled for participation

* 69 labs have returned results (17 from outside U.S.)

« Four mock cases supplied with “victim” and “evidence”

electropherograms (GeneScan .fsa files — that can be converted for Mac or
GeneMapper; gel files made available to FMBIO labs)

« Data available with Profiler Plus, COfiler, SGM Plus, PowerPlex
16, Identifiler, PowerPlex 16 BIO (FMBIO) kits
« Summary of results will involve training materials to
illustrate various approaches to solving mixtures
Perpetrator
Profile(s) ??
Along with reasons for

making calls and any stats
that would be reported

MIX05 Study Design and Purpose

| Interlab studies provide a “big picture” view of the community |

* Permit a large number of forensic practioners to
evaluate the same mixture data

« Provide multiple cases representing a range of mixture scenarios

* Generate data from multiple STR kits on the same mixture samples to
compare performance for detecting minor components

« The primary variable should be the laboratory’s interpretation guidelines
rather than the DNA extraction, PCR amplification, and STR typing
instrument sensitivity

« Are there best practices in the field that can be advocated to
others?

Requests for Participants in MIX05

Mixtures representing four different case scenarios have been generated at
NIST with multiple STR kits and provided to laboratories as electropherograms.

We would like to receive the following information:

1) Report the results as though they were from a real case including whether a
statistical value would be attached to the results. Please summarize the
perpetrator(s) alleles in each “case” as they might be presented in court—along
with an appropriate statistic (if warranted by your laboratory standard operating
procedure) and the source of the allele frequencies used to make the
calculation. Please indicate which kit(s) were used to solve each case.

2) Estimate the ratio for samples present in the evidence mixture and how this
estimate was determined.

3) Provide a copy of your laboratory mixture interpretation guidelines and a
brief explanation as to why conclusions were reached in each scenario

A MIXO05 Participant Noted...

“Things we do not do:

« Calculate mixture ratios for casework
— Calculation used for this study: Find loci with 4 alleles (2 sets of
sister alleles). Make sure sister alleles fall within 70%, then take the
ratio of one allele from one sister set to one allele of the second sister
set, figure ratios for all combinations and average. Use peak heights to
calculate ratios.

* Provide allele calls in reports

« Provide perpetrator(s) alleles or statistics in court without a
reference sample to compare to the DNA profile obtained from
the evidence. We will try to determine the perpetrator(s) profile
for entry into CODIS.”

We recognize that some of the information requested in this interlab
study may not be part of a lab’s standard operating procedure

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

MIX05 Case Scenarios

Based on Identifiler 15 STR loci
#alleles  #loci with #alleles

Genomic DNA samples with specific allele
combinations (“evidence”) were mixed inthe[ N | N | NN |N| N |N
following ratios:
all fungl 11213 4 |5
Case #1 — victim is major contributor |3g ‘ 26 ‘ 2 ‘ 6 ‘ 5 ‘ 2 ‘0‘
(3F:IM)

Case #2 — perpetrator is major contributor |55 ‘ 52 ‘ 0 ‘ 1 ‘ 4 ‘ 10 ‘0‘
(1F:3M)

Case #3 — balanced mixture (1F:1M) |43 ‘ 37 ‘ 0 ‘ 3 ‘ 8 ‘ 4 ‘0‘
* Male lacked amelogenin X

Case #4 — more extreme mixture (7F:1M) |50 ‘ 42 ‘ 0 ‘ 3 ‘ 7 ‘ 4 ‘1‘
« Male contained tri-allelic pattern at TPOX

Female victim DNA profile was supplied for each case
Labs asked to deduce the perpetrator DNA profile — suspect(s) not provided
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Amelogenin X allele is missing in male

November 14, 2006

perpetrator DNA sample for MIX05 Case #3
I R i A M M Y W M
*Jl 1 ik “Perpetrator” 1Y fose

@ 2 [
[222] ]
Col
i‘.):_m_,m PprpR—— I — w =
V0N e, _fom 398, 4 1 16 traan ot L 1 beileded o BLILIALL =
A ] [ic] [ad 2] 1] L2l
[==] 1] |-l-| Lozl ][] [

[=7]
l‘ I “Perpetrator”
SN AR _| Identifiler data
] [ic]

MIX05 Results on Multiple Kits

http://www.cstl.nist.gov/biotech/strbase/interlab/MIX05.htm

Case 1 evidence (mixture)
ABI 3100 Generated
il Data was supplied on
CD-ROM to labs as
either .fsa files (for

| Genotyper NT or
COfiler L i Ll | GeneMapperID) or
Mac-converted files
for Genotyper Mac

wentitier L0 J. lla ]

Profiler Plus T

PowerPlex 16 ]1 I 1‘1 -I L uath l W i A

SGM Plus U TS TR ESAPR WYPYR | | Y B 'S

FMBIO data was also made available upon request

Summary of MIX05 Responses

94 labs enrolled for participation
69 labs returned results (17 from outside U.S.)

STR kit results used

50 labs made allele calls 34 ProfilerPlus/COfiler
10 PowerPlex 16

39 labs estimated ratios i B

I 5 Identifiler
29 labs provided stats S e

1 All ABI kit data

All participants were supplied with all data OVET oS ComliEiens

and could choose what kits to examine
based on their experience and lab protocols

Generally Identifiler data was of poorer quality in the electropherograms
we provided...which caused some labs to not return results (they
indicated a desire for higher quality data through sample re-injection to
reduce pull-up prior to data interpretation)

What MIX05 Participants Have Received
Back from NIST...

« Certificate of participation in the interlab study

« Copy of the poster presented at the Promega Sept 2005
meeting displaying “correct” results for the perpetrator in
each case scenario as well as an explanation of study
design and preliminary results

http:/lwww.cstl.nist.gov/biotech/strbase/interlab/MIX05/MIX05poster.pdf

= P —
[ - NIST Mixture Iinterpretation Interlaboratery Study 2005 (MIX0S) P B
e bl -

When is a Sample a Potential Mixture?

According to several MIX05 participant interpretation guidelines

* Number of Observed Peaks
— Greater than two peaks at a locus

— More than two alleles are present at two or more loci, although three
banded patterns can occur

— Presence of 3 alleles at a single locus within a profile

— 4 peaked patterns (if observed at any locus), 3 peaked patterns (if
observed at two or more loci), significant imbalances (peak height
ratios <60%) of alleles for a heterozygous genotype at two ore more
loci with the exception of low template amplifications, which should
be interpreted with caution

« Imbalance of heterozygote alleles
— thresholds range from 50-70%

« Stutter above expected levels
— generally 15-20%

These protocol differences can lead to variation in reported alleles
and therefore the deduced profile and resulting statistics

Summary of Some MIX05 Reported Results
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http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Most calls were correct (when they were made) I

10
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Some Mixture Ratios Reported in MIX05

November 14, 2006

Some Reported Stats for MIX05 Case #1

LablDr | Casel (F:M) Case2 (M:F) Case3 (MF)| Cased (F:M)
Many labs do 13 2 5 <2 10
not routinely 34 18-36 3967 1.6-1.8 6.2-7.6
reportthe || [0 e s
estimated g? B3%:32% 95%:15% B4%:36%
ratio of 73 21 6:1 21 nol determined
mixture 25
components A4 21 61 21 61
90 male23-39% not determined male6d-71%
9 Jord1 4 ors1 1.4:1 ~10:1
4 11 B:1 11 not determined
33 maleB0-78%  maled0-90% maleS8-71% victimBE%
12 male25% maleS5%  maled(-45% | unknownl0%
B7 1:2.3 6.4:1 21 1:6.8
a6 21 6-6.51 1.6-2:1 4-4.5:1
79 ~31to ~2:1 ~6:1 to ~4:1 ~21* a lot of victim
77
[<in] 21 51 21 10:1
51

Many of the 29 labs providing statistics used PopStats 5.7

LablD Kits Used
77 Identifiler
73 ProPlus/Cofiler
4 ProPlus/Cofiler
12 ProPlus/Cofiler
2 Identifiler
a0 ProPlus/Caofiler
34 ProPlus/Cofiler
45 FR1E
33 ProPlus/Cofiler
5 ProPlus/Cofiler
] ProPlus/Cofiler
61 Identifiler
79 ProPlus/Cofiler
16 ProPlus/Cofiler

Caucasians
PE calculated
none provided
none provided
none provided
none provided

1.18E+15
240E+11
5.B0E-+09
2.94E+08
40,000,000
1. T4EH7
1.50E+06
930,000
434 B0O0

Casel
African Americans
PE calculated
none provided
none provided
none provided
none provided
213E+14
7.00E+09
3.B0E+11
1.12E+H08
3,500,000
197EH7
260,000
47 500
31,710

Hispanics
PE calculated
none provided
none provided
none provided
none provided

309E+15

9.80E+10
none provided
1.74E409
280,000,000
1.54E408
2A0E+D7
1,350,000
399,100

Some Differences in Reporting Statistics

Questions for Consideration

« Do you look at the evidence data first without
considering the suspect’s profile?

Casel

LablD Kits Used Caucasians African Americans | Hispanics
90 | ProPlus/Cofiler | 1.18E+H15 213E+14 3.09E+H15
34 | ProPlus/Cofiler | 2.40E+11 7.00E-+19 9.80E+10
33 | ProPlus/Cofiler | 2.94E-+08 1.12ZE+18 1.74E+19
5 ProPlus/Cofiler | 40,000,000 3,500,000 280,000,000
9 ProPlus/Cofiler | 1.14E+17 1.97E+7 1.54E+15
79 | ProPlus/Cofiler | 930,000 47 500 1,350,000
16 | ProPlus/Cofiler | 434 500 31,710 399,100

~10 orders of magnitude difference (10° to 10%5)
based on which alleles were deduced and reported

Remember that these labs are interpreting
the same MIXO05 electropherograms

« Without a suspect, does your lab proceed with mixture
interpretation?

« Do you have a decision point whereby you consider a
mixture too complicated and do not try to solve it? If so,
is the case declared inconclusive?

« What kind of training materials would benefit your lab in
improving consistency in mixture interpretation?

Examples of MIX05
Report Formats

All examples with Case #1

(~3:1 mixture with female victim as the major
component — and victim profile is provided)

Manual Solving of MIX05 Peak Ratios and
Possible Mixture Combinations

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Manually Solving Mixture Component Profiles

November 14, 2006

Another MIX05 Participant Manually Solving a Mixture

Semi-Automated Locus-by-Locus Interpretation
Performed by One MIXO05 Participant

Excel spreadsheet used to examine possible component combinations

Formats for MIX05 Data

Different Reporting Formats for MIX05 Data

No attempt to deduce
perpetrator alleles
(foreign profile)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Different Reporting Formats for MIX05 Data

12
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Different Reporting Formats for MIX05 Data Different Reporting Formats for MIX05 Data

The community would benefit from more uniform
reporting formats and mixture solving strategies...

Some Protocols Have Flow Charts
to Help Make Decisions in Mixture Resolution

Some Labs Do Not Attempt Mixture Interpretation

« A number of laboratories chose not to report
anything in the MIX05 study citing that
without a suspect, mixtures are not
examined.

* Why does a National DNA Database such as
CODIS exist and how can it be helpful and reach
its full potential if casework mixtures are not
examined and perpetrator alleles deduced
(where possible)?

Value of the MIX05 Study Conclusions
http:/Awww.cstl.nist.gov/biotech/strbase/interlab/MIX05.htm (Opportunities for Improvement)

« Data sets exist with multiple mixture scenarios and a variety of STR

Kits that can be USed for training purposes « It is worth taking a closer look at protocol

differences between labs to see the impact on

« A wide variety of approaches to mixture interpretation have been recovering information from mixture data
applied on the same data sets evaluated as part of a single study

- Interpretation guidelines from many laboratories are being » Expert systems (when they become available
compared to one another for the first time in an effort to and are used) should he|p aid consistency in
determine challenges facing future efforts to develop “expert . .
systems” for automated mixture interpretation evaluating mixtures and help produce more

uniform reporting formats

* We are exploring the challenges of supplying a common data
set to a number of forensic laboratories (e.g., if a standard
reference data set was ever desired for evaluating expert systems)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 13
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Software Programs (Expert Systems)

for Mixture Deconvolution Future Plans

These programs do not supply stats (only attempt to deduce mixture components)

» Develop training information based on lessons

* Linear Mixture Analysis (LMA) learned from the MIX05 study
— Part of TrueAllele system developed by Mark Perlin (Cybergenetics)
— Perlin, M. W. and Szabady, B. (2001) Linear mixture analysis: a mathematical
approach to resolving mixed DNA samples. J.Forensic Sci. 46(6): 1372-1378 « Create other useful software tools like mixSTR
« Least Squares Deconvolution (LSD) and Virtual MixtureMaker to increase mixture
— Described by T. Wang (University of Tennessee) at Oct 2002 Promega meeting |nterpretat|0n Capabllltles of the forensic DNA
— Available for use at https://Isd.lit.net/ typmg Community
« PENDULUM ) )
— Part of FSS i-3 software suite (i-STReam) » Conduct another interlab study in 2007 (MIX07)?
— Bill, M., Gill, P., Curran, J., Cl , T., Pinchin, R., Healy, M., and Buckleton, J. R f
(2008) PENDUL UMLa guideline-based approach 1 the Iierpretation of STR. — To try and capture improved knowledge regarding
mixtures. Forensic Sci.Int. 148(2-3): 181-189 mixture interpretation and capabilities of expert
systems

USACIL program developed by Tom Overson

Some Final Thoughts... iﬁm
« ltis of the highest importance in the art of detection to be e oo G
able to recognize out of a number of facts, which are DNA mixtures ||.| Inmlu-qc casework: a 4-year
incidental and which vital. Otherwise your energy and . retrospective study
attention must be dissipated instead of being Yolanda I'-lll\.';l' « Inmaculada Flores", Vigtoria Prigto”. Manuel Lépez-Soto’,
concentrated (Sherlock Holmes, The Reigate Puzzle).
Conclusion

¢ “Don’t do mixture interpretation unless you have to”

. . . . “Mixture interpretation theory is well established and used in forensic
(Peter Gill, Forensic Science Service, 1998). b !

laboratories. Most mixtures detected in casework are satisfactorily solved. But
from this revision we can conclude that the behaviour of each mixed sample can be
different and multifactorial and occasionally its interpretation turns out to be

* Mixture Interpretation consumes a Iarge part of DNA complicated—sometimes paralleling the importance of the evidence in the

analysts’ time — software tools that improve consistency resolution of the case. In some casework mixtures our experience has proved that
in analysis will speed casework reporting and hopefully theoretical assumptions from studies with laboratory samples, albeit very useful,
cases solved can turn out to be impracticable. We consider that more sharing of day to day

forensic laboratory problems is needed to refine our technical procedures in
the resolution of specially difficult evidence.”
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Validation Information

« President's DNA Initiative: Validation Workshop (Aug 2005) with
Robyn Ragsdale — slides on STRBase; NFSTC working on DVD

¢ ABI Roadshow/HID University: Validation Workshop (May 2006)

: — slides available on STRBase
John Margaret Pete Jan Amy Becky Dave

Butler Kline Vallone Redman  Decker Hill Duewer
Role in MIX05 + We would love to have more internal validation information for
«Margaret Kline (running study, sample prep, data review) STRBase Validation Section (e.g., Y-STRs)
«John Butler (study design and data review) Mandy Sozer for early
«Becky Hill (GeneMapperID data review) discussions on study design Profiles in DNA (Promega Corporation), vol. 9(2), pp. 3-6 PROFILES v DMA

«Jan Redman (Access database entry, shipping)
«Dave Duewer (Virtual MixtureMaker to aid sample selection; mixSTR program) VA I—I DATID
+Chris Tomsey & Frank Krist (FMBIO Mac data) http:/iwww.promega.com/profiles/902/ProfilesinDNA_902_03.pdf
*Kermit Channel & Mary Robnett (FMBIO NT data)
The many forensic scientists and their supervisors who took time Sagl?:::;gﬁmﬁ S;:i';gf;gd;ﬁ;g:srﬁ
out of their busy schedules to examine the MIX05 data provided S t
¥

as part of this interlaboratory study National Inste.ee of Standsrds and Tachnology, Gathersburg, Manyiand, LISA

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 14
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Urban Legends of Validation...

Butler, J.M. (2006) Profiles in DNA vol. 9(2), pp. 3-6
#1: HUNDREDS OR THOUSANDS OF SAMPLES ARE REQUIRED TO FULLY
VALIDATE AN INSTRUMENT OR METHOD

#2: VALIDATION IS UNIFORMLY PERFORMED THROUGHOUT THE
COMMUNITY

#3: EACH COMPONENT OF A DNA TEST OR PROCESS MUST BE VALIDATED
SEPARATELY

#4: VALIDATION SHOULD SEEK TO UNDERSTAND EVERYTHING THAT
COULD POTENTIALLY GO WRONG WITH AN INSTRUMENT OR
TECHNIQUE

#5: LEARNING THE TECHNIQUE AND TRAINING OTHER ANALYSTS ARE
PART OF VALIDATION

#6: VALIDATION IS BORING AND SHOULD BE PERFORMED BY SUMMER
INTERNS SINCE IT IS BENEATH THE DIGNITY OF A QUALIFIED ANALYST

#7. DOCUMENTING VALIDATION IS DIFFICULT AND SHOULD BE EXTENSIVE

#8: ONCE A VALIDATION STUDY IS COMPLETED YOU NEVER HAVE TO
REVISIT IT

November 14, 2006

For example, RFU threshold values...

» Should thresholds be lowered below 150 RFU if
instrument noise has been reduced in newer
instruments?

Software Tools from NIST

Pete Dave
Vallone Duewer

¢ AutoDimer — multiplex PCR primer screening tool

http:/iwww.cstl.nist.gov/bi \/strb DimerH utoDimerProgramHomepage.htm

¢ MixSTR — mixture component resolution tool

¢ Multiplex_QA — quality assessment tool for
monitoring instrument performance over time

« Tools to aid Expert System data review
— DNA_FSSIi3_Convert.xls (converts data format)
— STR_MatchSamples.xlIs (compares samples)
http:/lwww.cstl.nist.gov/biotech/strbase/software.htm

Multiplex_QA Overview

(=

Lk
[

W uUnknowns = Blanks + Ladders

« Research tool that provides quality metrics to review
instrument performance over time (e.g., examines resolution and
sensitivity using internal size standard peaks)

« Runs with Microsoft Excel macros. Requires STR data to be
converted with NCBI's BatchExtract program into numerical form.

Available for download from STRBase:
http:/iwww.cstl.nist.gov/biotech/strbase/software.htm

Multiplex_QA Article Published

Electrophorssis 3000, 27, 37353748 October 2006 issue of Electrophoresis wm

1';:?;]{ Duser! Research Article

sty Chemistry Dhvesin, Multiplex_QA: An exploratory quality
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User manual (127 pages) available for download from STRBase

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Thank you for your attention...

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

Questions?

Leading the Way
InForensic DNA...

See also http://www.dna.gov/research/nist
http://lwww.cstl.nist.gov/biotech/strbase
john.butler@nist.gov
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