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Current Areas of NIST Research Effort

* Resources for “Challenging Samples” (degraded DNA or mixtures)
— miniSTRs (reduced size amplicons) — J. Forensic Sci. 2003, 48, 1054-1064
— Autosomal SNP assays and U.S. population information — 70 Orchid SNPs
— mtDNA coding SNP multiplex assays with AFDIL mtGenome sequencing

* Y-Chromosome Information, Assays, and Standards
— Y-STR 20plex, 11plex and U.S. population data including multi-copy DYS464
— Y-SNP U.S. population data - J. Forensic Sci., in press (July 2004)
— Human Y-Chromosome Standard Reference Material (SRM 2395)

+ DNA Quantitation
— Interlab study and standard reference material (SRM 2372)
— Real-time PCR comparisons

* Resource Information to Aid Forensic Laboratories
— STRBase (STR fact sheets and variant allele lists)
— Forensic SNP site

* Work with New Typing Technologies

— Microchip CE DNA separations

mMiniSTRs

(Reduced Size Amplicons)

STR Size Reduction

Through Moving Primer Positions Closer to Repeat

Forward flanking region Reverse flanking region

> > STR repeat
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Primer positions define PCR product size
Repeat information is independent of amplicon size

Advantages of Approach:

Size reduction enhances success rate with degraded DNA
Retains same marker information (database compatibility)
Uses highly polymorphic STR loci (high discriminatory power)
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The Development of Reduced Size STR sequences for all CODIS loci
Amplicons as Tools for Analysis of and initial assays developed
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How Close Can a Stable Primer be Designed to the
. . . STR Repeat Region?
Reduction in PCR Product Size . —
Locus Distance 3'end from Repeat Comment
CSFIPO F 14 partial repeat just 5' of repeat
Locus Size Difference (relative to ABI kits) R 6
FGA |F Pt
THO1 -105 bp R 23 partial repeat just 3' of repeat
FGA ﬁ:’:’ THO1 F ~”
R 1
CSF1PO -191 bp TPOX F )
D21S11 R 5
VWA F 0
TPOX -148 bp R 0
D7S820 417 bp postass ¥
D55818 |F 4
Not as much size reduction R -5
as other STR loci... D7S820 F h
R 65 polyA stretch just 3' of repeat
S

Problems with Large Allele Spreads

Why go beyond CODIS loci

GenBank GenBank Allele Allele
STR Locus Accession Allele Range Spread
e s ke =k 40 }; “STRs have proven to be highly successful [for
_T[j:]!'”\_ l\’;“'lf;"l l‘lf 3 :4 44 }‘P mass disasters] in the past e.g. Waco disaster
8} M6R6S 5-14 36 by . . . .
VWA M25858 I8 10-25 ME and various air disasters. However, even if the
351358 NT_005997 18 2-20 48 bp H H H H
DsS31s ACD08512 1 716 36 bp DNA is high quality there are occasions when
{;:::T"u 'Q}-f",'ffff : 5 :ﬂ_ f: }’r' there are insufficient family members available
bty T AF2166 3 7 g b \P . . . .
D138317 AL353628 1 5-16 44 bp to achieve a high level of confidence with an
68539 ACOIA59] 11 5-15 40 bp P »
[Disss1 APDD1534 18 7 80 bp association.
D21511 APODD433 29 24 S8 bp
Penta D APOO1752 13 22 Tibp Gill, P., Werrett, D.J., Budowie, B. and Guerrieri, R. (2004) An assessment of whether SNPs will
Penta E ACD27004 5 3 95 bp replace STRs in national DNA databases-Joint considerations of the DNA working group of the
DSIZI  ACOIOISS 2 15 S2bp et oo WD Semest oy S S ok Grospon
Why go beyond CODIS loci :
Why go beyond CODIS loci
“To achieve this purpose, either new STRs
could be developed, or alternatively, existing « Desirable to have markers unlinked from
STRs could be supplemented with a SNP CODIS loci (different chromosomes) for some
panel.” applications

There also efforts.for mod|.fy|ng eX|§t|ng STR + Small size ranges to aid amplification from
panels by decreasing the size amplicons by degraded DNA samples
designing new primers.”
Gill, P., Werrett, D.J., Budowle, B. and Guerrieri, R. (2004) An assessment of whether SNPs will
replace STRs in national DNA databases-Joint considerations of the DNA working group of the

European Network of Forensic Science Institutes (ENFSI) and the Scientific Working Group on
DNA Analysis Methods (SWGDAM). Science&Justice, 44(1): 51-53.
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Characterization of New miniSTR Loci

Candidate STR marker selection

+ Chromosomal locations and marker characteristics
* PCR primer design

« Initial testing results

+ Population testing

 Allelic ladder construction

* Miniplex assay performance

April 15, 2004

Initial Testing Results

>900 potential markers

!

61 markers with “clean” flanking regions

|

43 markers with amplicon size < 125bp

|

18 markers for initial testing

i

2 three loci miniplexes

Locations of Focus for New miniSTR Loci
(relative to CODIS 13 STRs)
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Allelic Ladders for New Miniplex02
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Characterization of New miniSTR Loci
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Sensitivity — 28 cycles

Sensitivity — 32 cycles — 2U Taq
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Sensitivity - Degraded DNA from an OU Bone Sample
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Future Plans

Testing and characterization of more markers.
Population Databasing.
Testing on degraded materials.

Information will be posted on STRBase website and
published as these loci are characterized

We would welcome collaborations with those wishing to
test some of these new miniSTR systems
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SNPs

Autosomal, Y, and mtDNA

April 15, 2004

SNP Typing at NIST

+ STRBase is the official ISFG repository of forensic
SNP information
— Gill et al. Science & Justice 2004, 44, 51-53
— http://www.cstl.nist.gov/biotech/strbase/SNP.htm

* We are cataloging SNP information with the goal to
standardize assays and speed validation of markers

* We will continue to explore various SNP typing
technologies to provide information to the forensic
DNA typing community — primary focus on SNaPshot

* We are beginning to evaluate SNP performance
directly against miniSTRs for analysis of
degraded DNA

SNP Typing Instrumentation

Luminex Beads
hybridization

PCR & primer extension

[ —]

Multi-Color Capillary Electrophoresis

Luminex 100 Flow Cytometer
(ABI 310 or 3100)

TagMan

e
‘Primer Extension =

ABI 7000 SDS

-

Time-of-Flight Mass Spectrometer

Forensic Utility of SNPs

The short PCR amplicons required for typing SNPs may
result in success with degraded samples and possibly
higher sensitivity — but this has not been demonstrated
yet in real-world samples...

For serious forensic usage, parallel high-throughput
methods and multiplex amplification will be required
for typing low amounts of DNA
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i Vallone & Butler, J. Forensic Sci, in press (July 2004)

Forensic Utility
51 Y-SNPs versus 1 Y-STR

For N = 211 male samples

51Y-SNPs  Y-STR DYS464

Amount of sample consumed 10ng aslow as 50 pg
Number for types observed 18 62
Analysis Multiple 1 reaction
Degraded samples + ?
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As a stand alone forensic assay
1Y-STR is better than 51 Y-SNPs
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Typing mtSNPs

Coding Region SNPs

Collaboration with AFDIL (Tom Parsons and Mike Coble)
Develop an 11-plex assay for typing SNPs outside the
control region

The 11 SNP sites are thought to help resolve Caucasians
with the most common mitotype (~7%)

Control Region SNPs
Typing population samples with Roche linear arrays
(Cassandra Calloway)
Probe 10 regions (18 SNPs) within HVI and HVII
Evaluate assay performance and ability to resolve U.S.
population samples

April 15, 2004

NIST mtDNA Work

Coding Region

Autosomal SNPs

Orchid Cellmark provided their panel of 70 SNPs (C/T)
located throughout the human genome

We validated these markers with SNaPshot assays for 8
CEPH samples in July 2001 for the WTC investigation as
part of KADAP (Kinship and Data Analysis Panel)

We are evaluating these markers in U.S. populations
(N=189 so far)

Marker info now on STRBase forensic SNP site:
http://www.cstl.nist.gov/biotech/strbase/SNP.htm

: l » = - o -
= mtSNP 11plex
oo | Result from 1 pg (genemic DNA} (minisequencing assay)
- 6 T T A & T Developed with AFDIL
s T s ol to resolve mtDNA most
L LU g ] i
: R Vallone et al., IJLM, in press
§O a0 @V P P e o
. L)
i | Iy Roche Linear Arrays
H i |
T 1 (probes for HVI/HVII)
1 ] Kiline et al., submitted
1 1 s 2 Beta-test/Population Study
1 -
B 5 5
04 Panel 12b Combo 1
00 03-09-2004
nm
o
4B WAZEM CIE 46 . wazenm
Ol A -wa20804 HE A5 wa20m0
w0 ]
4t J
a1
0]

Results from Two Degraded Bone Samples
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multiply autosomal allele frequencies

Positions determined along July 2003 Human Genome Reference Sequence (NCBI Build 34)
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Orchid Cellmark 70 SNP Marker Positions

(relative to CODIS 13 STRs)

April 15, 2004

BT,
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Miniplex01 (3 loci)
we observed
176 unique genotypes
164 observed once
11 observed 2 times
1 observed 3 times

ol 1 E
e

Typing panel 12a (6 loci)
we observed
143 unique genotypes
110 observed once
23 observed 2 times
7 observed 3 times
3 observed 4 times

B * » = 0w w m

vt 11 Al
Miniplex02 (3 loci)
we observed
163 unique genotypes
142 observed once
18 observed 2 times
2 observed 3 times
1 observed 5 times

Typing Panels 12a/b (12 loci)
we observed
189 unique genotypes

Preliminary Results NIST Quantitation Study 04

Consisted of:

8 DNA extracts labeled A — H Shipped Dec 2003 —Jan 2004
Shipped to 84 laboratories for quantification.

Labs asked to use multiple methods / multiple analysts

Last day for submission extended from 15 March to 5 April 2004

We received data from 79 Labs (94%)

Total of 284 sets of data

Participants used 27 different quantification methods
(primarily variations on Quantiblot and Real-time PCR)
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Intra and Inter Laboratory Studies
Preliminary NIST QS 04 Results
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NOT FINAL DATA SET (UPDATE)
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