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Current Activities at NIST
LTI 1T TS || 11

* Standard Reference Materials
— SRM 2372 (DNA quantitation standard) (>225 units in use since Oct 2007)
— Adding extended ESS loci (D1, D12, D2, D10, D22) to SRM 2391b

* Technology Evaluation and Development
— Rapid multiplex PCR protocols (multiplex STR amplification in <35 min)
— Low-level DNA studies underway
— Unusual STR allele characterization
— New STR loci and assays (STR 26plex, kit concordance, SNP testing)

« Training Materials
— Workshops on mixture interpretation and CE troubleshooting
— Third edition of Forensic DNA Typing textbook (2009 & 2011)

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

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

Traceable standards to ensure accurate measurements
within DNA laboratories and aid comparison between labs

3 National Suatitute of $tandards & Tremslogy
K an

SRM 2391b — autosomal STRs
SRM 2392-| — mtDNA

SRM 2395 - Y-STRs

SRM 2372 — DNA quantitation

Wertifieate of Analpsis

Helps meet DAB Std.
9.5 and I1SO 17025

Have updated 2391b with new loci
and 2395 with new Y-STRs

Calibration with SRMs
enables confidence in

comparisons of results
between laboratories

| Standards Reference Material |

SRM 2372: Human DNA Quantitation Standard

* Released in Oct 2007
— >225 units in use as of April 2009

» Used by more than 110 forensic
laboratories worldwide

* Manuscript describing
production is in press with Anal.
Bioanal. Chem.

* Serves to adjust qPCR
calibrants supplied by
manufacturers and adjust for
assay-specific bias

'\3_'"
Human DNA
Quantitation Standard

Components vt

3 2 a4 o 1 2 s
Kline, et al. (2005) J. Forensic Sci. 50(3):571-578

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Overview of SRM 2372 Values and Use

NIST
Absorbance (A,q) 10D DNA Concentration (ng/pL)

=50 ng/uL

Certified Values |=—p Informational Values

componenis () (®)(©)

Interlab Study
Confirms Assay
Relative Bias

Alu gPCR

Quantifiler
Other qPCR

Different Assays
Different Calibrants

Adjust calibrant Forensic
values for each lot Labs

Measure
Unknown «= “Calibrated” NIST-Traceable

Calibrant for Use in Daily Work
DNA Samples 2

SRM 2391b and 2395 Certificate Updates

+ SRM 2391b (Autosomal STR Loci)

— MiniFiler examined (allele dropout with component 8 and D16S539)
— Additional Loci: 26 new miniSTR loci

— Demonstrating extended stability (new quantitation data and no
significant degradation to existing components)

http://www.cstl.nist.gov/biotech/strbase/srm2391b.htm

+ SRM 2395 (Y-STR and Y-SNP Loci)
— Yfiler loci sequenced (DYS635 now included)
— Additional Loci: 20 new Y-STR loci

— Demonstrating extended stability (new quantitation data and no
significant degradation to existing components)

http://www.cstl.nist.gov/biotech/strbase/srm2395.htm

Revised Certificates available since September 5, 2008

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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D1S1656 and D12S391 Results with
SRM 2391b Components
D1S1656 D12S391
Type Repeat motif Type Repeat motif
1 13 [TAGA]13[TG]5 1 15 [AGAT]8 [AGAC]6 AGAT
14 [TAGA]13 TAGG [TG]5 18 [AGAT]11 [AGAC]6 AGAT
2 12 [TAGA]12[TG]5 2 17 [AGAT]10 [AGAC]6 AGAT
17.3 [TAGAJ4 TGA [TAGA]12 TAGG [TG]5 22 [AGAT]13 [AGAC]9
3 14 [TAGA]13 TAGG [TG]5 3 15 [AGATI8 [AGAC]6 AGAT
15 [TAGA]14 TAGG [TG]5 21 [AGAT]12 [AGAC]9
4 15 [TAGA]14 TAGG [TG]5 4 [17 [AGAT]11 [AGAC]5 AGAT|
17.3 [TAGAJ4 TGA [TAGA]12 TAGG [TG]5 17 [AGAT]10 [AGAC]6 AGAT
5 11 [TAGA]M1[TG]5 5 18 [AGAT[TT[AGACI6 AGAT
16.3 [TAGAJ4 TGA [TAGA]11 TAGG [TG]5
6 11 [TAGAJM1[TG]5 6 21 [AGAT]11[AGAC]10
17 [TAGA]16 TAGG [TG]5 22 [AGAT]12 [AGAC]10
7 12 [TAGA]12[TG]5 7 17 [AGAT]10 [AGAC]6 AGAT
17.3 [TAGAJ4 TGA [TAGA]12 TAGG [TG]5 20 [AGAT]10 [AGAC]9 AGAT
8 14 [TAGA]13 TAGG [TG]5 8 18 [AGAT]11[AGAC]6 AGAT
16.3 [TAGAJ4 TGA [TAGA]11 TAGG [TG]5 24 [AGAT]15 [AGAC]9
9 18.3 [TAGAJ4 TGA [TAGA]13 TAGG [TG]5 9 18 [AGAT]11[AGAC]6 AGAT
20 [AGAT]12 [AGAC]7 AGAT
10 14 [TAGA]13 TAGG [TG]5 10 18 [AGAT]11[AGAC]6 AGAT
17 [TAGA]16 TAGG [TG]5 24 [AGAT]13 [AGAC]6

SE33 Sequence Data for
SRM 2391b Component 3

Forward
GOAAGGALGS GLALGAAAGAAAGAGE

AN s S il Sl g2 AR AL T AN T O R
Reverse 4 [AAAG],,

10 bp del 31 bp upstream
Allele “14.2” : 10 bp del 31 bp upstream [AAAG],,

Forward

QB lllllllﬂl“ﬂlllll llllllm“llHllllillllmlllllllllllHﬂﬂlllﬂlll Hmlalllﬂl HHLHHML I “

rrrrrrrrrrrrrrrrrrrrrrrrrrr

T Y T P T T T T Ty T T Ty P P T T PPy yYrvprrarrreyrTyyY PP TP

Reverse T

Allele 26.2 : [AAAG], AG [AAAG],;, A—G 4 bp downstream ALG

SE33 Genotype = 14.2, 26.2

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

April 24, 2009
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STRBase: a Community Resource for
Forensic DNA Applications of STRs...

-2 STRBase - Microsoft Internet Explorer

Fle Edt View Favorites Took Help "
Oﬁatk - O - Iﬂ @ ;‘J /-*‘SEamh ‘-_‘ﬂ'\}_’Favuntes &) - & - ﬁ j‘}
Address | 48] http:waw,cstl nist, gov/biotech/strbase] v B iunks ™| & -
3
(—
T4 Short Tandem Repeat DNA
—
- Internet DataBase
i
—

NIST Standard Reference Database SRD 130 [Recent Updates] o

Serving the forensic DNA and human identity testing conmmunities for over 10 years... These data are iniended to henefit
research and application of short tandem repeat DNA markers 1o uman idemity testing. The authors are solely
responsihle for the information herein.

This dafabase has been accessed 27808 2[Rt 10402797 (Counter courtesy www digits com - see disclaimer )

Created by John M. Builer

and Dennis . Reeder (WIST Biochemical Seience Division),
with imvaiuable help, ristian Resifherg and Michael Tung
Stte creators” curriculum vitaes availabls using links above

“Partial supportfor the design and maintenance of this website is being provided by The National Institute of Justice
fhrough the MIST Office of Law Bvforcement Standards, * v

&] % Local intranet

STRBase Info on Extended ESS Loci

» Core Loci Summary Page

» STR Fact Sheets
— D1S1656, D2S441, D10S1248, D12S391, D22S1045

« Variant allele sequencing capabilities

— Need to provide ~10 ng of DNA for NIST to sequence
sample

— Submitter will be provided with sequence summary

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Variant Allele Sequencing Service (Free)

Send us any unusual variant or null alleles and we will sequence them...

Address I@j htip:ffwww.csd.nist. gov bictechstrbase/STRseq.htm j

Variant allele characterization

Locus | Variant Allele Sample Source Comiments

Deletion of a "G" that is 157 bp from the repeat region under|
FPowerPlex 1.1 and Identifiler primers does not affect primet|
TPOX 10.3 Maryland State Police  [hinding or allele siming . Howewver, PowerPlex 2.1 and
PowerPlex 16 products are 1 bp smaller because they are
further away from the repeat and encormpass the deletion.
FC& 46.2 Denver Crime Laboratory  [Checked with Identifiler allelic ladder

Base change was a C-to-T transition 172 bp downstream of
F55 and Kuwatt government [the repeat region which impacts the ABI D13551 reverse

Dl1as51 rull allele 18

lab rimmer but not the PowerPlex 16 D18351 reverse primer
that is internal to this mutation
D13351 40 Mebraska State Crime Lab  |DNA sequence analysis showed 40 GAAA repeats

DINA sequence analysis revealed a 9 bp deletion heyond the
end of the &th repeat unit to produce a "5.3" allele

Send 10-20 ng of DNA (or 2-3 FTA bloodstain punches)
Contact margaret.kline@nist.gov or john.butler@nist.gov
Information will be posted on STRBase .../STRseq.htm

Sequence details provided back to sender

D135l "5.3" DMNA Solations

Untwersity Il Al repeat
Penta D & Peter de Knjifs lab at Leiden DNA sequence analysis confirmed 6 repeats
University

Summary of Variant Alleles Sequenced (only 15 shown)
Locus Allele | Repeat Motif

D2S1338 12 [TGCC],[TTCC],

D2S1338 31 [TGCC],[TTCC],TTAC [TTCC],, GTCC [TTCC],

D3S1358 16.2 | TCTA[TCTG], TC [TCTA],,

D3S1358 20 TCTA [TCTG], [TCTA]4

D3S1358 23 | TCTA[TCTG], [TCTAl,

D5S818 10.1 | AIAGAT],,

D5S818 “29” | [AGAT],, +68 bp
D7S820 8.3 [GATA], del A 22 bp DS
D16S539 11 [GATA],, (U83T->C) results in an anomalous migration 11/10.3

D18S51 15.2 | [AGAA], AA [AGAA],

D21S11 “24.3" | [TCTA]; [TCTG], [TCTA], TA [TCTA], TCA [TCTA],
TCCATA [TCTA], del 13 bp, 11 bp DS (28 allele -13 bp)

D21S11 28.1 [TCTA]; [TCTG], [TCTA], TA[TCTA], TCA [TCTA], TCCATA [TCTA],+T

FGA 50 TTTC], TTTT [TTCT]g TTTT [CTTT],, CTGT [CTTT],,
[CTTC],[CTTT], CTCC [TTCC],
Penta E 27 [AAAGA],,

DYS380ll | 29.1 |[TCTGI, [TCTA]; N,o [TCTGI, [TCTA], or
[TCTG], [TCTA],, N,; [TCTG], [TCTA], (D3Tins = +T 3bp downstream)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Variant Alleles Cataloged in STRBase

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

Off-Ladder Alleles

466 total varianty reporied as of 10/06/2008

Tri-Allelic Patterns

176 rotal patterns reported as of 08/07/2008

Currently 178

at 13/13 CODIS loci |
+ FES/FPS, Penta D,
Penta E, D2S1338,
D195433

click on loci listed helow for de click on loci listed below for details
; Currently 483 | ' :

Core STR Loci at 13/13 CODIS loci Core STR Loci

2 i §

+ CSFIFO (19) + F13A01, FES/FPS, ; %)m

« TGA (102) Penta D, Penta E, » THOL (3)

« THO1 (17) D2S1338, D19S433 1 TPOX (15)

« TPOX (17) « Penta E (27) 7 VWA (19)

« VWA (11) « F13401 (1) 7 D3851358 (7)

« D3581358 (28) « FES/FPS (1) + D53S818 (6)

« D58818 (12) . F13B 1 373839 (7)

. D7S820 (25) « LPL ; gﬁéi;f Eé)l)

« D851179 (19) « SE33 (1) 7 m R

« D135317 (1') « DIS16T7 (1) b DlBS;hl 23)

« D16S539 (19) « D1451434 (1) : Daisll (19)

» D18S51 (40) gl Of

« D21511 (30)

F13A01
FES/FPS (1)
FI13B

LPL

SE33

2 ea

T T T T

220 230 40 250
TPOW

Run_31..7.fs3 7 Vellow OTOS583

Apparent Null Alleles Observed
During Concordance Studies

r

New Section of STRBase (launched to track MiniFiler
discordance and allele dropout frequency):
http://www.cstl.nist.gov/biotech/strbase/NullAlleles.htm

Locus STR Kits/Assays Resulis Frequency of Primer  Source
Compared Binding Site
C3FIFO MiniFilervs IDwvs ~ MF: 11,11 andID: 11,111 1/1308 Hill ef af. {2007)
FP16 One base insertion in Identifiler

amplicon outside of kiniFiler and
PP16 priraers

C3FIFO PP16 ws COfiler Loss of allele 14 with COfiler; fine 211537 Budowle ef al. (2001}
with PP16

FGA 3GM ve SGM Plus  Loss of allele 26 with SGIV Plus; Cotton ef ol (2000}
weak amp of sare allele with SGIV

FGA PP1é vs ProPlus Loss of allele 22 with ProPlus; fine Budowle and
with PP16 Sprecher (2001)

THO1 PP16 ws COfiler Loss of allele 9 with COfiler; fine 111537 Budowle ef al. (2001}
with PP16

THO1 SGMvs SGM Plus  Loss of allele 6 with SGIV Plus; fine 1/4245 Clavton ef al. (2004)
with S5

VWA PP1.1 vs ProPlus Loss of allele 19 with ProPlus; fine 2/1483 Kline of al. (1998) and
with FP1.1 Walsh (1008)

VWA PP1é w5 ProPlus Loss of alleles 15 and 17 with 211537 Budowle ef al. (2001}
ProPlus; fine with FP16

VWA 1D vs miniplexes Loss of alleles 12, 13, and 14 with 9/532 Drabek ef al. (2004)

iniplex assay, fine with ID

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Rapid Multiplex PCR Protocols
Under Development

Utilizing AB 9700 cycler and ‘fast’ commercial enzymes

400 MO 420 130 44D 480 B0 70 480 S0 200 20 20 230 240 280 %0 0 %R0 A 300 30 220 330

Full Identifiler profile obtained . .
Some —A artifacts present Rapid Cypllng Protocol (10 uL)
< 36 minutes on AB 9700

I A T

2000

Identifiler STR kit
28 cycles, 1ng template DNA

Initial results presented by at 60th Annual Meeting of the American Academy of
Forensic Sciences (Washington, DC), February 23, 2008, "Developing Rapid
PCR Multiplex Assays with miniSTR Loci"

More recent results on a different thermal cycler in as little as ~15 minutes...

What is “Rapid PCR"?

Current STR kits were optimized by manufacturers for slower PCR (~3 hours)

* Use of new commercial DNA polymerases

— Replace the current standard polymerase (AmpliTaq Gold)
and buffer but keep commercial STR kit primer mixes
* rapid hot start (save ~10min)
 ‘faster’ nucleotide incorporation (processivity >100 bases/sec)

* Use with common thermal cycler (GeneAmp 9700)
— Utilize maximum ramp rate of 4 °C/sec with 9700

— Shorten cycling hold times (to 1-5 sec vs 1 min)

— Eliminate 60 °C adenylation soak (to save ~30-60 min)

+ Explore possibilities with faster thermal cyclers
(e.g., 10 °C/sec ramp) and possibly new primer mixes

Goal: to obtain full STR profiles in as little time as possible (<30 min?)

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

April 24, 2009
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Rapid PCR Article

Forensic Science International: Genetics 3 (2008) 42-45

Contents lists available at ScienceDirect

Forensic Science International: Genetics

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

Short communication

Demonstration of rapid multiplex PCR amplification involving 16 genetic loci™
Peter M. Vallone *, Carolyn R. Hill, John M. Butler

Narional Instinuee of Standards and Technology, Biochemical Science Division, 100 Bureau Drive, Mail Stop 8311, Gaithersburg, MD 20899-8311, United States

Complete concordance of STR allele calls (for 60 samples) between
the rapid and standard thermal cycling protocols were observed
although there was incomplete adenylation at several of the loci examined
and some PCR artifacts were detected. Using less than 750 pg of template
DNA and 28 cycles, STR peaks for all loci were above a 150 relative
fluorescent unit (RFU) detection threshold with fully adequate inter-locus
balance and heterozygote peak height ratios of greater than 0.84.

Comparison of Thermal Cycling Times

Parameter Unit Trad Rapid Difference (min) %
Hot Start Min 10 1 9.0 6.3
Hold Sec 60 5/10 72.3 50.6
Soak Min 60 1 59.0 41.2
Ramp rate (deg/sec) 1 4 224 15.7
Saving 2 hours,
Cycles 28 28 23 minutes
Time [258:41 | [0:35:38 | ] ( 2:23:03 )

Overall time reduction on GeneAmp 9700 from 3 hours to 35 minutes

Rapid DNA Polymerases used: PyroStart (Fermentas, Glen Burnie, MD) and
SpeedSTAR (Takara Bio USA, Madison, WI)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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PowerPlex 16 Rapid Cycling

PowarPlex_16_[D3 2FS5i3 |. |.
[D351358 [TEOL [DZIS1T [DIFSEL [Penia E
100 200 00 400
100
1200
300
- 1] L
) pot
[
PowerPler_16_ID3 2FSSi3 H
[DESEIE [DI3S317 [D7S820 [D168539 [CSFIPO [Penta D
100 200 300
2400
1800
1200
E00 ﬂ J‘
Bl i
PowerPlex_16_ID3 2FSSi3 [ ]
AMEL_WWA DESITTa [IFOX JFCA
100 200 300 400
1200
300
400
"

Rapid DNA Polymerases used: PyroStart (Fermentas, Glen Burnie, MD) and
| < 36 minutes on AB 9700 | SpeedSTAR (Takara Bio USA, Madison, WI)

Identifiler Profile from 17 minute PCR

Further details will be given at the ISFG meeting in Buenos Aires
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bt Optimized polymerase cocktail
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http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Potential Applications
with Rapid PCR Capabilities

* Improve overall laboratory throughput

— Multiplex PCR amplification is already in many situations the
longest part of the DNA analysis process (depending on DNA
extraction and DNA quantitation methods)

— With increased use of robotic sample preparation and expert
system data analysis, bottleneck for sample processing will shift
to time for PCR amplification...

* Enable new potential DNA biometric applications
(because the overall DNA analysis process is faster)

— Permit analysis of individuals at a point of interest such as an
embassy, an airport, or a country border

Mixture Interpretation Workshop

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm

AAFS (February 19, 2008)

DNA Mixture Interpretation: Principles and
Practice in Component Deconvolution and
Statistical Analysis

— John Butler (NIST)

— Ann Gross (MN)

— George Carmody (Carleton U.)
— Gary Shutler (WA)

— Joanne Sgueglia (MA)

— Angela Dolph (Marshall U./NIST)
— Tim Kalafut (USACIL)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Creating Known Mixtures for Testing Software Tools

NIST 2-person mixture NIST 3-person mixture
(Identifiler data, 1ng DNA, 1:5) (Identifiler data, 1ng DNA, 5:2:1)
- RIS ]l'ﬂl:;l | [T ;:mm 1 - [DESIIT mlzsnlnl

(S - — == e
00 g 00 00

i = 00
2400-
o I |
i L il . oL ]
| 2l Bafor B alm| fuafzz)
il =] [l

Some Training Workshops Planned

* ISFG Meeting (Sept 2009, Buenos Aires, Argentina)
— CE Fundamentals and Troubleshooting
— Validation

* Int. Symposium on Human ldentification
(Promega) Meeting (October 2009, Las Vegas, NV)
— Validation & Threshold Determination

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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1st Edition 2nd Edition

FORENSIC
DNA

C

FORENSIC
DNA

TYPING

Feb 2005

688 pp.
24 chapters

k

Jan 2001

335 pp.
17 chapters

(Yiping Hou)

(Yoshiya Fukuma)

With Y. Fukuma
(Japanese translator)

Forensic DNA Typing Textbook

Now available in Chinese

Japanese in preparation

3rd Edition

R
Fundamentals eQ@Q
Chapters 1-18 S
N
oY
Advanced Topics QQ‘O'L
Chapters 1-25

Planned for 2009 & 2011
~1000 pages

< = A
With Y. Hou (Chinese translator)

Core Competency

Going Beyond the Core Competencies of
Forensic DNA Testing

Standard

STR Typing
(DNA Profile)

Direct Matching
(or Parentage)

Sufficient DNA quantity (ng)

Challenging
kinship search

questions  camjlial Searching

Attempts (fishing for
brothers or other
relatives)

Solution: Additional Markers

Lower
amounts of
DNA being

tested

(Y-chromosome, more STRs) and
Multiple Reference Samples

Touch DNA Attempts
(poor quality, mixtures, low-level
stochastic effects)

Be very cautious
when outside the box...

Solution: Replicate Testing

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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The Future of Forensic DNA

is Similar to the Olympic Motto of
“Swifter, Higher, Stronger”

New Loci
& Assays

Expert\

Systems

Mixture

Talysis

Expanding
Toolbox

Portable
Devices

Resources  Training Action

A new group was formed in Oct 2008 with an expanded mission

_M_ Applied Genetics Group

NIST .
Applied Mission Statement

Genetics

Advancing technology and traceability
through quality genetic measurements to
aid work in

 forensic DNA testing,

* clinical genetics,

« agricultural biotechnology, and

* DNA biometrics. =

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

April 24, 2009
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Thank you for your attention!

|
le

Amy Pete
Decker Vallone

Margaret Jan
Kline Redman

STRallele  variant allele  miniSTRs, Mixtures &  SNPs &
sequencing  cataloging LCN, and Y-STRs  Rapid PCR
26plex work

http://www.cstl.nist.gov/biotech/strbase
john.butler@nist.gov
301-975-4049

Funding from the National Institute of Justice (NIJ)
through NIST Office of Law Enforcement Standards

Dave
Duewer

Data
analysis
tools

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



