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NIST Human ldentity Project Teams
within the Applied Genetics Group

Forensic DNA Team DNA Biometrics Team
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Funding from the National Institute of Justice (NIJ) Funding from the FBI S&T Branch
through NIST Office of Law Enforcement Standards through NIST Information Access Division

Data Analysis Support

New Staff and Projects
Erica Butts — DNA extraction
Kristen Lewis - kinship analysis

In March 2010, Mike
Coble returned to NIST
after 4 years at AFDIL Dave

Duewer

Amy Decker left for AFDIL in Nov 2009




R,A.«A.-,'r APPLIED GENETICS Group

Applied Major Programs Currently Underway

Genetics

e Forensic DNA Clinical Genetics

— New loci and assays (26plex) - CMV SRM

— STR kit testing - concordance — Huntington’s SRM

— Ancestry SNP assays

— Low-template DNA studies * Ag Biotech

— Mixture interpretation — “universal” GMO detection/
— SRM 2391c quantitation (35S promoter)

— Variant allele cataloging and

DNA Biometrics

sequencing

— Expert systems review — Rapid PCR methods

— Training workshops to forensic — Efforts to standardize testing of
DNA laboratories future portable DNA systems

— Validation information and — DNA swab extraction efficiencies
software tools — Kinship analysis

— Textbook — 3 ed. (2 vol.)

Cell Line Authentication

o
=



Forensic DNA Standard Reference Materials

2372 Human DNA Quantitation Sid ’IBD 147 | 153.5 1 D?B 3?2

2390 |DNA Profiling 2 D 1 0 0.8 3 $633

2391B | PCR-Based DNA Profiling 86 81 | 125 140 108 107 %311

2392 [Mitochondrial DNA Sequencing | 8 §] 0 12 6.8 165 $883
Mitochondrial DNA Sequencing

23921 (Human HL-60 DNA) & 32 | 20 19 193 176 $365

9395 |Human Y-Chromosome DNA | 4, | 39 | 79[ 8 [ 583 | 136 $383

F’r::rfiling
“As of Oct 7, 2009

PCR-based DNA Profiling Standard
SRM 2391 SRM 2391a SRM 2391b SRM 2391c Will |ike|y run out

(1995) (2000) (2003, r2008) (planned 2010)
_ of SRM 2391b
Would like your . .
input into the In mid-2011

desired number
of components
& loci certified

*coverage for all commercially available kit STR loci at the time of release

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Promega2009poster SRM2391c.pdf



SRM 2391c Plans

6 components (different DNA samples)
Inclusion of a mixture sample

Genomic DNA + DNA spotted on paper

Will certify both autosomal STRs and Y-STRs

Will replace both SRM 2391b and SRM 2395
— Goal to have lower cost and single STR SRM

Have typed >25 DNA candidate samples to
assess allele ranges and combinations

Have studied different formats
— buccal swab DNA, etc.



Opinion Poll on SRM 2391c

Volume provided (20 uL or 50 ulL)?
Concentration (1 ng/uL, 2 ng/uL, other)?

Mixture to be provided

— supply reference samples as singles?
— Mixture ratio (5:1, 3:1, other?)
Genomic vs DNA spotted on paper
— 5 genomic + 1 spot

— 4 genomic + 2 spot

Paper spots: 903 or FTA?

Sequence information on all alleles?
— will have coverage for all STR kits available



Commercially Available STR Kits

7 out of 17

Applied Biosystems

- AmpFISTR Blue (1996)

- AmpFISTR Green | (1997)

Profiler (1997)

Profiler Plus (1997)
COfiler (1998)

SGM Plus (1999)
ldentifiler (2001)
Profiler Plus ID (2001)

—SEfiler (2002)—
Yfiler (2004)

5 out of 12

Promega Corporation

PowerPlex 1.1 (1997)
PowerPlex 1.2 (1998)
PowerPlex 2.1 (1999)
PowerPlex 16 (2000)
PowerPlex ES (2002)
PowerPlex Y (2003)

PowerPlex S5 (2007)

MiniFiler (2007)

SEfiler Plus (2007)
Sinofiler (2008) — China only
|dentifiler Direct (2009)
NGM (2009)

PowerPlex 16 HS (2009)
PowerPlex ESX 16 (2009)
PowerPlex ESX 17 (2009)
PowerPlex ESI 16 (2009)
PowerPlex ESI 17 (2009)

~1/3 of all STR kits were

released in the last year

Qiagen (2010)

Primarily selling kits in Europe

Due to patent restrictions
cannot sell in U.S.

 ESSplex

- ESSplex SE
 Decaplex SE

* |Dplex

* Nonaplex ESS
 Hexaplex ESS
 HD (Chimera)

* Argus X-12
 Argus Y-12

* DIPlex (30 indels)

Identifiler Plus (2010)
NGM SElect (2010)

Improved buffer formulation to handle PCR inhibitors

(user no longer adds TaqGold DNA polymerase)




Goals with STR Kit Improvements

* Better resistance to PCR inhibitors
* Higher sensitivity
 More rapid PCR amplification

Can be achieved through changing:

* Primer concentration and chemistry

* Polymerase

« Buffer (components & concentrations)



20 Minute PCR Amplification

on Cepheid Cycler
[
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Using fast cycler and new DNA polymerases 2g cycles, ldentifiler STR kit, 1 ng of DNA



Potential Primer Modifications

Mobility Modifiers

B %\ DNA Backbone

<
N7 N\
AQ&D@@—
P ﬂ 57 -ACAGAAGTCTGGGATGTGGA-3”
57 _ACAGAAGTCTGGGATGTAGA-3”

Fluorescent Dyes

DNA Base Sequence

Primer Concentration

The base sequence determines the primer binding position while the
primer concentration helps produce the PCR product yield



Recent ABI Patent Applications

“Method for Direct Amplification from Crude
Nucleic Acid Samples” (Identifiler Direct?)
— Chang et al. (Jan 21, 2010) US 2010/0015621

— Buffer includes 0.2-0.9% polysorbate, 3%-8%
glycerol, and 1000-3000 pg/mL BSA

“Method and Composition for Nucleic Acid
Amplification” (Identifiler Plus?)

— Mulero & Hennessy (Jan 1, 2009) US 2009/0004662

— Utilize a high stability nucleic acid analog (e.g., LNA
or locked nucleic acid) to overcome PCR inhibitors

To obtain free copies of patent applications, see: http://www.pat2pdf.org/



Locked Nucleic Acids (LNAs)

FSIGEN-594; No. of Pages 5

Forensic Science International: Genetics xxx (2010 xxx-xxx

Contents lists available at ScienceDirect ; FSI

GENETICS

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

Increased amplification success from forensic samples with locked nucleic acids

Kaye N. Ballantyne *P*, Roland A.H. van Oorschot?, R. John Mitchell P
# Biology Division, Victoria Police Forensic Servioes Department, Mackod, Victoria, Australio
B e e e L e R S T i e “e-w-oin Australi

2'-4’ LNA LNAs are nucleic acid analogues that
| form standard Watson-Crick base
. 0 B pairs but with increased thermal

stability and improved capability for
discriminating mismatches — and are
0 0 more tolerate to PCR inhibitors...



NIST Pipeline for STR Kit Analysis
Work by Becky Hill and Dave Duewer

Concordance testing with standard samples
— Sequence analysis of any null alleles to understand differences

Locus characteristics
— Heterozygote peak height ratios
— Stutter percentages (including allele-specific)

Allele frequencies for all new loci
— Across U.S. Caucasian, Hispanic, African American, and Asian

Probability of identity for different locus sets



PowerPlex® ESX 17 Allelic Ladders
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Virtual bins added in for fairly commonly observed micro-variants (i.e. >4 mentions on STRBase)

ESX/ESI 17 kits provided by Promega Corporation




Profiles in DNA Article Published April 2010

Article Tvpe: Feature
Volume 13 No. 1, April 2010

Strategies for Concordance Testing

Carolym R. Hill, Margaret C. Kline, David L. Duewer and John M. Butler
National Institute of Standards and Technology, Biochemical Science Division, Gaithersburg,
Marvland, USA

Concordance evaluations are important to conduct to deftermine if there are any allelic dropout
or "null alleles” present in a data set. These studies are performed because there are a variety of
commercial short tandem repeat (STR) multiplex kits with different configurations of STR
markers available to the forensic community. The placement of the markers can vary between
kits because the primer sequences were designed to amplify different polymerase chain reaction
(PCR) product sizes. When multiple primer sets are used, there is concern that allele dropout

may occur due to primer-binding-site mutations that affect one set of primers but not another.

http://www.promega.com/profiles/1301/1301 08.html



Strategies for Concordance Testing
the four S’s of concordance studies

Kit 1 Kit 2
| 1
Sample Set Sample Set
Standard samples ,’ ‘
Software
Sequencing HERIS — Results
STRBase Comparisons with software

Discordant resulis

\

Sequence differences

Vendor changes final Vendor decides not to
kit to correct for primer- * change the final
binding-site mutation. Report to STRBase configuration of the kit.
PowerPlex®™ ESX 17 MiniFiler™

is an example., is an example.

http://www.promega.com/profiles/1301/1301_08.html



Concordance Comparisons
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Comparisons made with ~660 samples
Comparisons made with ~1,120 samples
Comparisons made with ~1,440 samples

http://www.promega.com/profiles/1301/1301_08.html



ESX 17 (prototype) = g,l?

5 Prototype_PowerFle D2251045 |- ‘- ‘ ‘- ‘- |- ‘- | ‘- ‘.
[T

h

ESX 17 (final) = 15,17 ESI 17 (prototype) = 15,17

NGM 17/, 17

NGM g i BEEES

FoweFie

045 |

[E

D2251045 Discordance

NIST NCO1 = 15,17

Destabilized some (but uses
lower annealing temperature with
fewer amplicons in multiplex)

NIST 23plex = 15,17

e LN L NN L]

NIST PT84195

G->T 15 bp upstream impacting forward primer binding with ESX17
- Promega added additional primer to correct issue




D2251045 Relative PCR Primer Positions

: Discordance at 4 alleles
Extra primer 0
added (ESX-FQ) out of 2,886 compared 9986 /0
between the 2 kits concordance
Sequ_encing \ I
primer
> S GenBank AL022314
ESX F # A”ele 17 NIST Sequencing
— — RN 23plex primer
NIST STR repeat region <« — G
PR
23plex Coy.R

NIST NCO1 = 105 bp

[
»

a

- ESX 17 System =109 bp

NIST 23plex = 225 bp

a
\ 4

y

\ 4

D22S1045 sequencing product = 342 bp

A

v



FSI Genetics Forthcoming Article on
PowerPlex ESX 17 and ESI 17 Systems

G Maabel
FSIGEM-590; No. of Pages 7

Forensic Science International: Genetics xxx (200 0) xxx=xxx

Contents lists available at ScienceDirect : FSI

GENETICS

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

Concordance and population studies along with stutter and peak height ratio
analysis for the PowerPlex™ ESX 17 and ESI 17 Systems

Carolyn R. Hill **, David L. Duewer?®, Margaret C. Kline ®, Cynthia |. Sprecher®, Robert S. McLaren®,

Dawn R. Rabbach?®, Benjamin E. Krenke b Martin G. Ensenbergerb. Patricia M. Fulmer?®,

Douglas R. Storts®, John M. Butler?

*Wational Institute of Standards and Technology, Chemical Science and Technology Laboratory, Gaithersburg MD 20899-8312, L5A
" Promega Corporation, Madizon, W1 537171-5399, /54

Available online 23 April 2010



New NIST Software Tools
Developed by Dave Duewer (NIST)

From NIST STRBase Website:

Lab Resources and Tools
o Addresses for scientists worlang with STEs ¢
o Training Materials 4
o STR Allele Sequencing

o Pcrgulattcrn data

STR_MatchSamples

— An Excel-based tool
developed to aid comparison
of STR genotypes from two or

dard Feference Material for PCR- Hased Te&tmg more data SetS
o New STE. Markers under Development at NIST 4
o Chromosomal Locations
o DNA Advisory Board Quality Assurance Standards

o Interlaboratory Studies
) I\—EST :‘vﬁxttrre IUtE]lS Interlab Studv MIZ05 Data TO O I.S u n (;I er .Cl evel O p_ m ent
o Validation information (to aid validation studies)

o DNMNA Quantitation - SEM 2372 (available as of October 5, 2007)
o Technology for resolving STE. alleles

— Peak height ratio
— Inter-locus balance
— Stutter percentages
— Allele frequency

http://www.cstl.nist.gov/biotech/strbase/software.ntm



Stutter Thresholds for Each Locus

PP-ESX17 PP-ESI17
Locus 50% 90% 95%  100% Locus 50% 90% 95% 100%
THO1 1.8 3.1 3.4 5.2 THO1 1.7 3.2 3.5 5.5
D2S441 4.8 6.7 7.2 9.8 D2S441 4.2 6.1 6.5 9.6
D16S539 5.8 8.6 9.0 11.1 D16S539 5.3 7.5 7.9 9.3
D8S1179 6.1 7.9 8.7 15.8 FGA 5.7 8.5 9.1 24.5
D19S433 6.2 8.2 8.8 11.4 D19S433 5.7 8.5 9.3 13.6
FGA 6.5 9.1 9.7 11.9 D8S1179 6.0 8.0 8.6 11.0
D18S51 6.9 98 104 13.3 D10S1248 6.7 8.6 9.2 11.8
D21S11 7.0 8.9 9.5 15.5 vWA 6.8 8.8 9.4 15.6
vWA 7.1 9.3 9.7 14 .4 SE33 6.9 94 1041 18.7
D2S1338 7.3 94 10.0 13.2 D1S1656 69 102 113 16.2
D3S1358 82 10.0 10.5 12.3 D21S11 6.9 98 116 20.5
D10S1248 82 104 11.0 16.4 D18S51 74 104 113 24.0
D12S391 82 119 13.0 16.1 D12S391 7.7 121 133 28.9
SE33 83 106 11.5 15.2 D2S1338 80 104 115 17.2
D1S1656 85 115 123 18.1 D3S1358 8.1 99 104 13.9
D22S1045 89 145 16.5 21.0 D22S1045 93 158 16.9 24.7




Allele-Specific Stutter Percentages

Trinucleotide D2251045

ESX 17
Stutter
Allele Size # Median
10 845 | 21 1.8
11 874|134 3.0
12 904 | 37 4.2
14 96.4 | 51 7.2
15 994 | 165 8.9
16 102.4 | 120 10.5
17 105.5 | 105 14.7
Avg 633 [.2
o /(48]
/ Avg + 3SD
633 data 21.0%

points

ESI 17
Stutter
Allele Size # Median
10 308.7 | 22 1.9
11 311.8 | 98 2.8
12 314.8 | 32 4.5
14 321.0 | 36 6.1
15 324.0 | 150 9.9
16 327.1 94 9.8
17 330.1 95 14.2
Avg 527 7.0
s0 /
/ a7
527 data szg +23(;D
points 70



Peak Height Ratios Across All Loci
in a New STR Kit

FPeak Heights of &llele:1 and Allele:2
1.0 5

Smaller Peak Height, RFU
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Probability of Identity with Various
Populations and Sets of STR Loci

Probability of Identity

African
Set of STR Loci # STR Loci Total Caucasian American Hispanic Asian

ESS 7 7.51 x 1010 1.75 x 10°° 1.51 x 109 1.61 x 10°° 8.10 x 10°°

SGM Plus 10 6.47 x 1014 3.90 x 1013 8.80x 101" 227x10' 1.74x 102
CODIS 13 13 4.58 x 10716 3.00 x 1015 890x 10" 153x10'® 8.18x 105

PP16* 15 2.87 x 1019 5.92 x 10-18 8.85 x 1019 - -

Identifiler 15 5.46 x 1019 6.91 x 1018 7.03x10" 286x10'® 1.89x 107
ESX or ES| 16 15 2.58 x 10-20 202x101°  3.87x1020 453x101° 3.14x 108
ESX or ESI 17 16 1.61 x 1022 1.43 x 1021 4.04x1022 3.86x102" 3.63x1020

Probability of Identity (P,): Probability that two individuals selected at random
will have an identical genotype at the tested locus (Sensabaugh 1982)




STR Loci Present in Commercial Kits

U.S. Europe
PP16 |[dentifiler MiniFiler ESX/ESI17 NGM SEfiler SGM Plus
TPOX TPOX
CSFIPO CSF1PO CSF1PO
D5S818  D5S818
D7S820 D7S820  D7S820
D13S317 D13S317 D13S317
FGA FGA FGA FGA FGA FGA FGA
vWA vWA vWA vWA vWA vWA
D3S1358 D3S1358 D3S1358 D3S1358 D3S1358 D3S1358
D8S1179 D8S1179 D8S1179  D8S1179 D8S1179 D8S1179
D18S51  D18S51 D18S51 D18S51 D18S51 D18S51 D18S51
D21S11  D21S11 D21S11 D21S11 D21S11 D21S11 D21S11
THO1 THO1 THO1 THO1 THO1 THO1
D16S539 D16S539 D16S539 D16S539 D16S539 D16S539 D16S539
D2S1338 D2S1338 D2S1338  D2S1338 D2S1338 D2S1338
D19S433 D19S433  D19S433 D19S433 D19S433
. . D12S391  D12S391
U.S. IS |OOk|ﬂg to expand D1S1656 D1S1656
: D2S441 D2S441
the core Ioc_:l (18-_20 total) | Jiooisas Dros1acs
to provide more international overlap | p22s1045 D2251045
SE33 SE33

Penta D
Penta E



New STR Loci Adopted In Europe

Approved November 30th, 2009

Expand the European Standard Set (ESS)

— FGA, vWA, D351358, D851179, D18S51, D21511,
THO1

Additional 5 STR loci
— D1S1656 and D12S391
— D2S441, D10S1248, D2251045

Extra loci to be considered?
— D16S539 (CODIS locus)

— D2S1338 and D19S433

— Penta D and Penta E

— SE33

May impact future U.S. expansion of loci




Chromosomal Positions for
the European Standard Set

E g wal 6.3 Mb apart

D28441
] E E D125391
D381358 =
SE33 = o AMEL
TH01 E E B
S =
D8S1179 s paisu Foon
- e
5 3589 b1
[ =
5 7 16

i
95433 | D22s51045 ]
8 19 20 21 22 X Y

D1
D16S539

L
10 11 1213 14 15 17 1

European Standard Set +pisss39, b2s1338, D195433, SE33



Evaluation of New European STR Loci

« U.S. population data collected using multiple kits

— Examined U.S. population data from 1443 individuals
(Caucasian, African American, Hispanic, Asian)

— PowerPlex ESX 17 & ESI 17 Systems (Promega)
— AmMpPFISTR NGM Kit (Applied Biosystems)

* Linkage analysis of VWA and D125391

— Located 6.3 Mb apart on chromosome 12

— With unrelated individuals, no significant linkage in
agreement with Phillips, C., et al. (2010)

— With related individuals, linkage observed

— Recommending use of diplotypes with relatives — see
Lewis, K.E., et al. (submitted)



Summary of NIST Samples Evaluated

 U.S. Population Samples (657 samples)

— Previously studied with Identifiler, MiniFiler, Yfiler, PP16,
miniSTRs, and many additional assays (>200,000 allele calls)
— 260 African Americans, 260 Caucasians, 140 Hispanics, and 3 Asians

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

 U.S. Father/Son pairs (786 samples)
— Previously studied with Identifiler, MiniFiler, Yfiler

— ~100 fathers/100 sons for each group: African Americans,
Caucasians, Hispanics, and Asians

* NIST SRM 2391b PCR DNA Profiling Standard (12 samples)

— Components 1-10 (includes 9947A and 9948): well characterized
— ABI 007 and K562

Total number of samples attempted = 1455
1443 samples with complete profiles



PowerPlex® ESI 17 Population Data (N=1443)

Number of Genotypes

Marker Alleles Observed  Heterozygosity PIC
Amelogenin 2 3 -- -
THO1 8 25 0.7479 0.7572
D3S1358 11 31 0.7493 0.7305
D22S1045 11 45 0.7548 0.7318
D25441 15 47 0.7729 0.7499
D16S539 9 30 0.7791 0.7650
D10S1248 12 41 0.7805 0.7460
D8S1179 11 48 0.7971 0.7961
VWA 11 42 0.7999 0.7866
D19S433 16 83 0.8089 0.7984
D21S11 28 95 0.8296 0.8293
D12S391 24 120 0.8650 0.8651
FGA 29 111 0.8691 0.8598
D18S51 23 103 0.8698 0.8699
D2S1338 13 73 0.8726 0.8821
D1S1656 17 101 0.8837 0.8806

SE33 58 343 0.9377 0.9426



SE33 (58 alleles observed)
Total

Total Populations, % Populations, %
Allele | # | % | ATAm | Asian | Cauc | Hisp | Allele | # | % | ATAm | Asian | Cauc | Hisp |
6.3 23| 12 0.4 0.6 10 02 0.1
7 343 genotypes observed 23.2| 91 3.2 2.2 4.2 43 2.1
8 _ 24 1 0.0 0.1
102 | | Heterozygosity = 0.9377 | 242| 74 26 13 62 22 25
11 — o 252 | 109 3.8 2.6 69 40 3.1
11.2 2 0.1 0.2 26 1 0.0 0.1
124 11 04 0.3 05 04 26.2| 163 5.6 6.1 52 43 7.1
12.2 4 01 0.2 0.3 27 1 00 0.1
13 31 11 11 15 101 272|225 78 43 104 95 86
1324 9 03 1.0 273 2 0.1 0.3
14| 85 29 5.1 02 25 24
142| 10 03 0.4 04 03 28 2 04 01 02
1= 102 35 3.9 12 39 39 28.2| 180 6.2 4.4 79 74 6.1
15 2 s 03 03 07 28.3 2 0.1 0.1 0.1
16| 144 5.0 4.8 47 40 6.7 29 1 0.0 0.2
16.2 5 0.2 0.3 0.1 0.1 29.2 | 147 5.1 2.7 5.7 6.3 6.3
16.3 2 0.1 0.3 29.3 1 0.0 0.2
17 | 205 7.1 9.3 40 62 7.3 30 1 0.0 0.1
17.2 1 0.0 0.1 302 | 111 3.8 1.6 32 58 46
17.3 5 02 0.1 0.2 0.3 31 3 01 01 0.2
18 | 268 9.3 12.1 5.0 7.2 11.0 31.2 52 1.8 15 25 22 1.3
18.3 1 0.0 0.1 32 1 00 0.1
191250 8r) 124 62 66 801 35| 25 09 04 07 13 09
19.2 8 0.3 02 04 04 33 > 01 01 01
20| 216 7.5 10.9 92 54 48 230 | 11 04 03 05 04
202 | 20 0.7 0.3 1.2 11 0.3 ' ' ' ' '
34 9 03 0.3 0.7
21| 108 3.7 4.6 67 24 27
212 | 48 1.7 1.1 17 24 13 34.2 100 0.1
22| 42 15 1.3 1.7 15 1.3 35 1T 0.0 0.1
222 | 65 23 0.4 3.2 38 19 36 2 0.1 0.2




Total Populations, %
Locus Allele # % Af Am Asian Cauc Hisp
14 1 0.0 0.1
D125391 15| 148 5.1 8.0 4.0 3.5 4.3
16| 106 3.7 6.3 1.0 23 37
(#allele: 24) 17| 327 13| 146 92 125 6.7
17.1 4 0.1 0.4
173 29 10 0.4 1.8 1.2
24 alleles & 18| 616 213| 270 245 174 174
18.1 1 0.0 0.1
120 genotypes 183 34 12 0.3 24 13
observed 19| 447 155| 147 173 124 196
19.1 7 02 0.7 0.1
Heterozyqosities 19.3 14 0.5 0.3 0.2 0.5 0.7
20| 390 135| 107 191 111 173
Asian 0.8424 20.1 2 0.1 0.2
African Am - 0.8453 202? 29(13 18 g 6.6 92  12.6 12 ;
g'Spa”"? 8'3332 22| 200 6.9 4.0 74 100 63
slEERE . 22.2 1 0.0 0.1
23| 141 49 3.3 3.7 67 52
24| 72 25 1.2 1.2 4.9 16
243 1 0.0 0.2
25| 33 1.1 0.9 17 15 06
26 9 03 0.7 02 06
27 6 0.2 0.5 0.1 0.4




NIST 26plex published in J. Forensic Sci. (Sept 2009)
25 new STR loci (unlinked from 13 CODIS core loci)
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Primer sequences and GM bins & panels available: http://www.cstl.nist.gov/biotech/strbase/str26plex.htm



Kinship Analysis
Work by Kristen Lewis O’Connor, NIST NRC Postdoc

(PhD research with Bruce Weir at University of Washington on familial search issues)

* Provide technical expertise and advice to DHS and other
federal agencies as needed

« Examine impact of additional STR loci (and other genetic
markers) on addressing specific kinship questions

« Simulate likelihood ratio distributions with different sets
of STR loci and different potential relationships

« Examine different software programs (and develop
approaches for lab validation including investigating
possible standard data sets for software testing)



US Citizenship and Immigration Services
(USCIS)

Immigration cases

— 1,107,126 obtained legal permanent
residence in US in 2008

— 103,456 were relatives of US alien
resident

Refugee/asylum cases

— 400 applications processed per day
— 60,108 refugees admitted in 2008
— 34,753 were relatives of applicant __O

Support relationship claim with

Interview and documents ' d) ' d)

Fraudulent claims (79%)

Chris Miles, DHS



Currently: Optional DNA Testing for Immigration

DNA may be used if interview and documents are
insufficient

Number of cases:

~ One dozen accredited labs in US
~ 3,500/yr for small lab, ~10,000/yr large lab

Time: Minimum two-day lab analysis;
up to six months to coordinate with embassy

Cost: $600-1500 for private lab testing
— Applicant pays (usually US resident, “anchor”)



Likelihood Ratios with 15 Loci

14

Comparison LR for LR for LR for
P 34 & 19 18 & 19 34 & 10
Parent-Child 1.28E+06 9.08E+05 | 0.00E+00
Full Siblings 3.22E+04 2.76E+07 6.07E-03
Half Siblings 7.38E+03 4.89E+04 6.65E-01
Cousins 1.95E+02 8.96E+02 | 1.52E+00
Uncle-Nephew 7.38E+03 4.89E+04 6.65E-01
Grandparent-

Grandchild 7.38E+03 4.89E+04 6.65E-01

Parent/ Full Uncle/

Child Sibs Nephew

LR calculations were performed with GeneMarker® HIDv1.90




Benefit of Additional Loci
Likelihood Ratios with 40 Loci

15 40 15 40 15 40
Comparison LR for LR for LR for LR for LR for LR for
P 34 & 19 34 & 19 18 & 19 18 & 19 34 & 10 34 & 10
Parent-Child 1.28E+06 6.68E+16 9.08E+05 0.00E+00 0.00E+00 0.00E+00
Full Siblings 3.22E+04 5.73E+12 2.76E+07 1.57E+19 6.07E-03 3.30E+03
Half Siblings 7.38E+03 8.63E+11 4.89E+04 4.99E+12 6.65E-01 8.98E+05
Cousins 1.95E+02 1.32E+08 8.96E+02 1.05E+09 1.52E+00 2.17E+04
Uncle-Nephew 7.38E+03 8.63E+11 4.89E+04 4. 99E+12 6.65E-01 8.98E+05
Grandparent- 7.38E+03 | 8.63E+11 | 4.89E+04 | 4.99E+12 | 6.65E-01 | 8.98E+05
Grandchild
Parent/ Full Uncle/
Child Sibs Nephew

LR calculations were performed with GeneMarker® HIDv1.90

15 STR loci typed with commercial Identifiler kit

25 STR loci typed with an in-house NIST assay
Hill, C.R., Butler, J.M., Vallone, P.M. (2009) A 26plex autosomal STR assay to aid human identity testing. J. Forensic Sci. 54(5): 1008-1015.



Kinship Analysis Software

» Public/commercial availability
1. GeneMarker® HID v1.90 (SoftGenetics)
2. DNA-VIEW™ v29.23 (Charles Brenner)
3. LISA (Future Technologies Inc.)
4. Kin CALc v4.0 (CA DOJ)
5. FSS-ibd v.0.10.13 (Forensic Science Service)

» Restricted availability
6. CODIS 6.0 (FBI)



New STRBase Website on LT-DNA (LCN)

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

General Information
Purpose of STRBase/]
Publications and Presd
NI1J-Funded Projects
Training Materials 4

Links to other web sitq
Glossary of commonly

]

]

]

]

]

]

Forensic STR Informa
o STRs101: Brief Introd
o Core Loci: FBI COD
o STR Fact Sheets (obs

Information on Low Template / Low Copy Number DNA Testing

Sessions were held at several recent
is widely referred to as low copy num
readers better understand this topic.

*At the Intemations] Socisty for Forenszic Genstics (I51
Strzthclvde, member of the Caddy seport), Bruce Budo|
Science Service). At the Intemations] Symposivm on §
{consultent, Sormerly of Orchid Callmardk), Bruce Budol
Carzgine (NYC Office of Chief Madics] Exsminar), Brs

Presentations on LTDNA

John Butler - ISHI (Promega
Becley Hill - ISHI (Promega o

o Multiplex STR kits
o Sequence Information
o Variant Allele Reports
o Tn-Allelic Patterns ¥

Theresa Caragme - ISHI (Prq

Low Copy Number (LCN) DNA Panel Discussion

LTDNA Validation Data

Labs having validation data on th
johm, butler(@nist. gov

o MNutation Rates for Co
o Published PCE. primer

NIST Sensitivity Data with low level D
10 replicate ampliffcations for each condition

iz, which
help

Scientific Issues
with Analysis of

Low Amounts of DNA

rerify of
Fosenzic
herlotte Word
Thereza

OFFICE OF CHIEF MEDICAL EXAMINER
THE CITY OF NEW YORK

Presentation Prepared
ifor the LT-DNA Panel

Y -chromosome STEs

]

]

el

Low-template DINA Information EE;H’T h

o miniSTRs (short amplicons) 4

o Null Alleles - discordance observed between STR. kits 4

]

STE. Reference List - now 3303 references #

Theresa Caragine Ph.D
Deputy Director
October 15, 2009

The allotted time for each question was brief; thus, this
presentation does not represent the practices and protocols of
the NYC OCME in their entirety.




Complete Set of NIST Sensitivity Data
Available on New LT-DNA Website

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

NIST Sensitivity Data with low level DNA templates
10 replicate amplifications for each condition with two fully heterozygous, single-source samples

Click on links to see summaries and DNA profiles observed Green = full (correct) type
STR kit - PCR conditions |Sample 1]Sample 2 PowerPlex 16 HS — 34 cycles |-t aonait
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Literature Listing on LT-DNA (LCN)

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

Subdivided into cateqgories

Peer-reviewed literature (containing data)
Reports (evaluating the methodology)
Review articles (commenting on other's data)

Non-peer reviewed literature (representing the authors'
opinions only)

|
| Links to papers when freely available |

Peer-reviewed literature (containing data)
Buckleton, J. (2009) Validation issues around DNA typing of low level DNA . Forensic Sci It Genet 3: 233-260.
Caragine, T., Mibnlasovich, B Tamariz, I, Bajda, E., Sebestyen, I, Baum, H_ Prinz, M. (2009) Validation of testig)f and interpretation

protocols for low template DNA samples using AmpFISTE Identifiler. Croarian Med 7 50: 230-267. [link to paper]

LTDNA References

Findlay, I, Taylor, A, Quirke, P Frazier, B, and Urquhart, A, (1997) DNA fingerprinting from single cells. Nafurs 38%(6631): 355-336.

Gill, P, Whitaker, I, Flaxman, C., Brown, V., and Buckleton, . (2000) An investizgation of the rigor of interpretation niles for 5TRs
derived from less than 100 pg of DINA. Forensic Sci It 112{1): 17-40.




rrofiles in ONR

Each iszue provides news and
information far researchers
and analysts working in the
field of genetic identity testing,
Topics incude forensic
caszework, database zamples,
paternity analyzes, legal
izzues, technical tips, Promega
genetic identity product
updates, interesting cases and

more,
View a list of all issues

Co vou have a suggestion?

Send your cormments to us,

Index by Izzue

Index by Section
Announcernants
Caze Repors
Current Events
Features
Spotlight
Products
Legal Focus
Autornation
Meetings=
Technical Tips

All Products
All Technical Resources

Profiles in DNA (April 2010)

http://www.promega.com/profiles/
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SUMMARY OF THE LOW COPY NUMBER SESSIOMN AT THE 20TH
INTERMATIONAL SYMPOSIUM OM HUMAMN IDENTIFICATION

[ At the 20th International Syrmposziumm on Hurman Identification, prorinent figuras
in the DHA-typing field shared their view of law copy number [(LCM) analvsiz by

rezponding to 2 subset of LCH-related questions, Charlotte Waord and John Butler

provided imtraductions to the topic, Links to the introductory material and

individual responses are provided below, Mote: All of the responses are not yet
awvailable. The other LCN surnrmaries will be published in Prefiles in O 2z they
becorme available.

A list of questions can be found here,

MEETIMGS
What is LCH?—Definitions and Challenges

Chatlotte Word presents a sumnrmary of her presentation during the LCH session., She helps us sort through some of

the confusion about what constitutes LCH analysis.

MEETIMGS
Scientific Issues with &nalysis of Low Ammounts of DMA

John Butler and Carolyn Hill discuss technical issues and challenges that can arize in low termplate DHA analyses,

MEETIMGS
Low Copy Mumber Analysis From a Legal Perspective

Brad Leventhal from the Queens County District Attorney's Office shares hiz views on the biggest challenges with
LZM analyzis and hiz adwice for forensic scientists working with attorneys on cases that could be considered LN,



New Profiles in DNA Article
on Low Level DNA

EI hitkp: / fumanay, promega. comfprofiles/ 13011301 _02 . html

Profiles in DMNA

Article Type: Meetings

Scientific Issues with Analysis of Low Amounts of DNA

John M. Butler* and Carolyn R. Hill

Mational Institute of Standards and Technology, Biochemical Science Division,
Gaithersburg, Maryland, USA

*Corresponding author: 301-975-4049; john.butler@nist.gov

Faced with imited evidence that vield low amounts of ON4, forensic analysts will
continually hawve to confront the question of how far to push DNA-testing
techniques, Low copy number [LCN) analysis, also known as low template DNA
[LT-OMA) testing, involves enhancing detection sensitivity usually through
ihcreasing the number of PCR cycles, Stochastic effects Inherent with analysis of
fow amounts of ONA wield altele or locus drop-out, Additionally, increasing
detection sensitivity can result in a greater potential for contamination or allels
drop-in. Validation studies with replicate testing of low amounts of DNA werse
performed to assess the level of allele and locus drop-out and alfele drop-in using
18, 30 and 100 plcograms with several commercially available STR-typing kits
under both standard and increased numbesr of PCR cycles., The results with
bristing, fully heterozygous samples demonstrate that a replicate testing
approach can produce relisble information with single-source samples when
consensus profifes are created,



The Expansion of Forensic DNA Typing

1st Edition

FORENSIC

Jan 2001

335 pp.
17 chapters

2"d Edition

JOHN M. BUTLER

'FORENSIC

Feb 2005
688 pp.
24 chapters

Chinese Translation
(2007) Y. Hou, translator

Japanese Translation
(2009) Y. Fukuma, translator

3rd Edition

o Fundamentals
s Of FOrensic

Typing

AP

Sept 2009

Fundamentals
18 chapters (504 pp.)

Advanced Topics
25 chapters (~600 pp.)

Planned for 2011




Improved Reference Format

Forensic DNA Typing
(2nd Edition)

Full list of authors but no article title

Fundamentals
(3rd Edition)

Subdivided by subject
with article title provided

Lazaruk, K. Walsh, P5., Oaks F, Gilbert, D., Rosenblum, B.BE., Menchen, 5. Scheibler, .,
‘Wenz, HM., Holt, C. and ‘Wallin, J. {1998} Electrophoresis, 19, 8583,

Lins, &.M., Micka, K.4A. Sprecher, C.. Taylor, 1A, Bacher, 1.W, Rabbach, D, Bewer, R.A,
Creacy, 5. and Schurnrn, 1. (1998) fournal o Forensic Sciances, 43, 1168-1180.

Mansfield, E.5., Vainer, M., Enad, 5., Barker, D.L, Harris, 0., Rappaport, E. and Fortina, P.
{1996) Genome Ressarch, 6, B3-003,

Mansfield, E.5., Robertson, LM., Vainer, M., Isenberg, AR, Frazier, LR, Ferguson, K.,
Chowe 5., Hamris, DOW., Barker, D.L, Gill, P.D., Budowle, B. and McCord, B.R. {1998)
Electrophoresis, 19, 101-107.

McZord, B.R,, Jung, J.M. and Holleran, EA. {1993a) Journal of Liguwid Chromatography,
16, 1963-1981.

MeCord, B.R, McClure, DL, and Jung, 1.M. {1993k} Journal of Chromatography 4,
BE2 TEE2.

MecZord, B.R. (2003) Troubleshooting capillary electrophoresis systems. Profiles in
Dibdd, 6 (2); dwvailable at: http fAssess . promega.comdprofilesEizs
ProfilesinDNA_s02_10.pdf.

Madabhushi, R.5. (1998) Elecrophoresis, 19, 224-230.

Instrument Platforms

ABI 373 and 377

Frazier, R. I E., et al. (1996). Validation of the Applied Biosystems Prism™ 377 auto-
mated sequencer for forensic short tandem repeat analysis. Electrophoresis, 17,
15501552,

Fregeau, C. 1, et al. {1999). Validation of highly polymorphic fluorescent multiplex
short tandem repeat systems using two generations of DNA sequencers. Journal of
Forensic Sciences, 44, 133-166,

FMBIO Gel Imager

Creenspoon, 5. A, et al. (2004). Validation and implementation of the PowerPlex 16 BIO
System TR multiplex for forensic casework. Joumal of Forensic Sciences, 49, 71-80.

>1500 references total

(>600 new since 2"d edition)

ABI Prism 310 Genetic Analyzer

Buel, E., et al. (1998). Capillary electrophoresis STR analysis: Comparison to gel-based
systemns. JTourmal of Forensic Sciences, 43, 164-170.

Butler, I. M., et al. (2004). Forensic DMNA typing by capillary electrophoresis using
the ABI Prism 310 and 3100 genetic analyzers for STR analysis. Electrophoresis, 25,
1397-1412.

Lazaruk, K., et al. (1298). Genotyping of forensic short tandem repeat (5TR) systems

hased on sizing precision in a capillary electrophoresis instrument. Electrophoresis,
19, 86-93.




Chapters Re-ordered to
Reflect DNA Testing Process
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Fundamentals of Forensic DNA Typing (2009)

CHAPTER 1 Owerview and Historv of DNATyping .1
CHAPTER 2 Basics of DNA Biology and Cenetics ... 19
CHAPTER 3 Historical Methods ... 43
CHAPTER 4  Sample Collection, Storage, and Characterization ............... 79
CHAPTER 5 DINA Extraction ..o 99
CHAPTER 6 DNA Quantitation ... 111
CHAPTER 7 DNA Amplification (The Polymerase Chain Reaction)...... 125
CHAPTER 8  Short Tandem Repeat Markers ..o, 147
CHAPTER @  Fundamentals of DNA Separation and Detection............... 175
CHAPTER 10 STE Cenotyping and Data Interpretation.............c..c........ 205
CHAPTER 11 5tatistical Interpretation: Evaluating the Strength

of Forensic DNA Evidence ...iinin...229
CHAPTER 12 DNA Databases......ociii s 259
CHAPTER 13 Quality ASSUTATICE . oo 291

CHAPTER 14 Forensic Challenges: Degraded DNA, Mixtures, and LCN ... 315

J CHAPTER 15 Additional Loci and Monhuman DNA Testing ................... 341
( Separation/ h CHAPTER 16 Lineage Markers: Y Chromosome and mtDNA Testing........363
Detection CHAPTER 17 Applications of DNATvVpIng. ... 397
CHAPTER 18 Future Trends oo 423
4 )
Data
Interpretation APPENDIX 1 Glossary of TeImis. ... 439
- J
APPENDIX 2 Useful Web SIS, 471
APPENIMX 3 Probability and Statistics ..o W A7
INDEX .. 485

References are provided at the end of each chapter by subtopic (but without direct
citation within the text).
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