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O.J. Simpson: Helped Bring DNA Testing
to Knowledge of the General Public
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Si nce

O.J. Simpson DNA testing
was performed with RFLP

|
o o Finoed 7 - 4l The Bloody Murder Site j

Almost 8 weeks needed to get results




Steps In Forensic DNA Testing

Collection/Storage/ \ Extraction/ Amplification/ \ Separation/ Interoretation Report
Characterization Quantitation/” Marker Sets Detection P P

Mixture interpretation

B0

4000 |
i id 2000
- U-
Sample Collection -

& Storage DNA Extraction . \ '
& Quantitation Multl_p_lex .PCR
Amplification of Male: 13,14-15,16-¢é

STR Markers

Blood Stain Buccal swab

CE with LIF  Data Interpretation ,
Detection Review & Reporting

GeneAmp 9700 ABI 3500 GeneMapperlID-X
Thermal Cycler Genetic Analyzer software
capillary electrophoresis



Presentation Outline

A Introduction to NIST

I Our role with forensic DNA in the United States
I Some current projects

A Near-term future
I New autosomal STR loci for expanded core loci
I Expanded use of databases (e.g., familial searching)
I Rapid DNA testing
A More distant future
I Loci besides STRs for identity testing?
I Phenotyping capabilities?
I Next-generation DNA sequencing?



NIST History and Mission

A 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.

A NIST is part of the U.S. Department of e

Commerce with a mission to develop and Wil
promote measurement, standards, and | -
technology to enhance productivity, facilitate S

trade, and improve the quality of life.

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

A NIST defines time for the U.S.

DNA typing standard



Location of NIST

Baltimore, MD
[-270

1-95

NIST Capitol Beltway
(1-495)

X

Washington
D.C.

|-66

1-95

FBI
Lab

Richmond, VA



NIST Today

Major Assets Major Programs
" ~2,900 employees A NIST Laboratories
I~ 2600 associates and facilities users A Baldridge National
I~ 400 NIST staff on about 1,000 national and ) Quality Program
international standards committees A Hollings Manufacturing

Extension Partnership
A Technology Innovation
Program

I 4 Nobel Prizes in Physics in past 15 years
(including 2012 to David Wineland for quantum physics)

—

Joint NIST/University Institutes:
. A JILA
I I ——~_ | A Joint Quantum Institute

A Institute for Bioscience &
Biotechnology Research

A Hollings Marine Laboratory




National Academies Report
on Forensic Science

Harry T. Edwards
U.S. Court of Appeals (DC)
Co-Chair, Forensic Science Committee

A Released February 18, 2009

AEntitled AStrengthening For e
States: A Path Forwardo

A 13 recommendations provided to Congress

A Recommends establishing a National Institute of
Forensic Science (NIFS)

A NIST and the U.S. Department of Justice announced
plans on February 15, 2013 to establish a National
Commission on Forensic Sciences

THE NATIONAL ACADEMIES
Adviers to the Neion on Science, Frgfmecring, and Mediting




Current Activities at NIST
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Standard Reference Materials

I SRM 2372 (DNA quantitation standard)
I SRM 2391c (STR typing)

Technology Evaluation and Development
Rapid multiplex PCR protocols (multiplex STR amplification in <35 min)
Low-level DNA studies
Mixture interpretation i research and training materials
Unusual STR allele characterization
New STR loci and assays (STR 26plex, kit concordance, InDels & SNPs)

I
I
I
I
I
Training Materials
I
I

T~ Applied Genetics Group

Workshops on mixture interpretation and CE troubleshooting
Third edition of Forensic DNA Typing textbook (2010, 2012, & 2014)



NIST Reference Materials for
Forensic DNA Measurement Assurance
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Forensic DNA Typing Textbook
3'd Edition is Three Volumes

For beginning students, re
J J Advanced Topics in Cur Advanced Topics in

genel public, & lawyers FORENSIC FORENSIC
i | TYPING: NA TYPING:
INTERPRETATION

Fundamentals
i of Forensic

Typing

Sept 2009 August 2011 Fall 2014
~500 pages ~700 pages ~500 pages



Historical Perspective on DNA Typing

www.dna.gov
President s DNA | nj L gt
Debbie Smith Act Backlog Reduction 2 1§

(>$1B from 2004-2010)

2006
NDIS launched |dentifiler 5-dye kit MiNiSTRS
(October 13, 1998) and ABI 3100
UK National 2004 Y-STRs

Database launched
(April 10, 1995)
Gill et al. (1985) Forensic

application of DNA
Nature 318:577-9 FSS P

Quadruplex /’

CODIS loci PowerPlex 16

(16 loci in single amp)

STR typing with
) CE is fairly routine

\
First STRs /11994 1996~ First commercial
developed_ € e fluorescent STR MtDNA
/],-9/9’0 \ . / multiplexes
-7 199,2/’ Capillary electrophoresis

\,«' of STRs first described

-\

\ e
\1985, ~ “PCR developed DQAl & PM

" BELP (dot blot) Multiplex STRs



Stages of Forensic DNA Progression

Stages Time Frame Description

Exploration 1985-1995 Beginnings, different methods
tried (RFLP and early PCR)

Stabilization 1995-2005 Standardization to STRS,
selection of core loci,
Implementation of Quality
Assurance Standards

Growth 2005-2013 Rapid growth of DNA
databases, extended
applications pursued

Sophistication The Future Expanding tools available,
confronting privacy concerns




INNOCENCE PROJECT
O ERLCA TR R AR

KNOW THE cASES : UNDERSTAND tHE cAUSES : FIX THE SYSTEM ABOUT : DONATE : NEWS &

Rickey Johnson
Served 25 years in Louisiana for a
crime he didn't commit.

H B

1-5 6410 11-19 20+

Kirk Bloodsworth

Incident Year: 1984 Year of Conviction: 1985

Jurisdiction: MD Exoneration Date: £/28/82

Charge: Murder, Sexusl Sentence Served: 8 Years

Assault, Rape Real perpetrator found? Yes |

Conviction: First Contributing Causes: T\—\“\ - M\

Degree Murder, Sexusl  gyoyitness Misidentification | e ) BN

Assault, Rape | 52 V- » o
Compensation? Yes f o

Sentence: Death

306 exonerated as
of May 7, 2013




New Handbook on Biological Evidence Preservation

Available (as free pdf): http://nvipubs.nist.gov/nistpubs/ir/2013/NIST.IR.7928.pdf

PTIE

weo: | Liquid Blood

<0y =t Urine
il

e o] Bones

National Instituts of

........
Institute
of Justice

| Hair

73 page handbook that makes
recommendations for evidence
retention, safe handling, packaging and
storage, chain-of-custody and tracking,
and appropriate disposal once evidence
retention is no longer required by law

Table I11-2: Long-Term Storage Conditions Matrix'

"y 1 | Dry Biological Stained Items Best
Best
Best Acceptable
Swabs with Biological
Material Best (dried)
Vaginal Smears Best
Feces Best
Buccal Swabs Best
Best Acceptable L
DNA Extracts (liquid) (liquid) Acceptable (dried)

Released April 2013




National Commission on the @
Fu ure uf DNA Evidence S

i DNA Evidence

NI AReport published in Nov 2000

PEUTVIE
« ET08.

r— Aasked to estimate where DNA

Fm‘ensl ]N[ﬁ mg‘ testing would be 2, 5, and 10 years

into the future
. Bredictions of the &
Research and

4 ‘ Eri\;:;o%r:::; Conclusions | |

STR typing Is here to
stay for a few years
because of DNA
databases that have
%ag grown to contain
millions of profiles

http://www.0jp.usdoj.gov/nij/pubs-sum/183697.htm



Number of Offender DNA Profiles
INn the U.S. National DNA Database

10,000,000 -

. 9,233,554
Growth due in part to federal PN
9,000,000 - funding from the Debbie Smith Act
8,000,000 - and new DNA collection laws 7,742329
7,000,000 -
As of March 2013:
6,000,000 10,252,900 offender profiles
5,000,000 - 1,429,000 arrestee profiles
4,031,/48
4,000,000 - %
2,826,505
3,000,000 -
2,038,514
2,000,000 - L a7 1gA493536 @
" @ ¢
1,000,000 - 441,181 75%929 b4
¢
2000 2002 2004 2006 2008 2010

Sour ce: FBI Labor at



Number of Investigations Aided
In the U.S. National DNA Database

140,000 -

120000 As of March 2013:
205,700 hits aiding 105.918
100.000 1 >197,400 investigations

80,000 -

129,514

60,000 -

40,000 -

20,000 -

=y

1998 2000 2002 2004 2006 2008 2010

Sour ce: FBI Labor at



Growth of DNA Databases

A Within the U.S., we have benefited from
significant federal funding over the past decade

A Expanded laws now enable more offenders to

be included (currently 28 states and federal
government have laws to collect DNA from arrestees)

A Have effectively locked technology with core
STR markers used to generate DNA profiles that
now number greater than 10 million profiles



Position of Forensic STR Markers on
Human Chromosomes G
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Expanding the U.S. CODIS Core Locl

D.R. Hares (2012) Expanding the CODIS Core Loci in the United States. Forensic Sci. Int. Genet. 6(1): e52-e54
Addendum to expanding the CODIS core loci in the United States, Forensic Sci. Int. Genet. (2012) 6(5): €135

Contents lists available at ScienceDirect

Forensic Science International: Genetics

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

Letter to the Editor

Expanding the CODIS core loci in the United States major reasons for expanding the CODIS core loci in the United
States:

CODIS Core LOCi Worki ng GrOUD (1) To reduce the likelihood of adventitious matches [7] as the

- - number of profiles stored at NDIS continues to increase each
Formed in May 2010 to make recommendations year (expected to total over 10 million profiles by the time of

to FBI CODIS Unit this publication). There are no signs that this trend will
slow down as States expand the coverage of their DNA
database programs and increase laboratory efficiency and

Douglas Hares (Chair) i FBI capacity.
John Butler i NIST (2) To increase international compatibility to assist law enforce-
. . ment data sharing efforts.
Cecelia Crouse T FL PBSO (3) To increase discrimination power to aid missing persons cases.

Brad Jenkins T VA DFS
Ken Konzak i CA DOJ
Taylor Scotti IL SP



Three major reasons for expanding the
CODIS core loci in the United States

D.R. Hares (2012) Forensic Sci. Int. Genet. 6(1):e52-e54

A To reduce the likelihood of adventitious
matches as the number of profiles stored at
NDIS continues to increase each year

A To increase international compatibility to
assist law enforcement data sharing efforts

A To increase discrimination power to aid
MmIissing persons cases



International Comparability

U.S.
TPOX
CSF1PO
D5S818
D7S820
D13S317
13 CODIS loci FGA
VWA
D3S1358
D8S1179
D18S51
D21S11
THO1
__D16S539
D2S1338
D19S433
Penta D
Penta E

3 miniSTR loci
developed at NIST

Locus used in China «——— D6S1043

Europe

Currently there are 24 autosomal STR
markers present in commercial kits

ESS = European Standard Set

FGA
VWA
D3S1358
D8S1179
D18S51
D21S11
THO1
D16S539
D2S1338
D19S433

D12S391
D1S1656

— D2S441
D10S1248
D22S1045

7 ESS loci

5 loci adopted in 2009
to expand to 12 ESS loci

SE33 — Core locus for Germany



STR Loci Covered in Currently Available Commercial Kits

f‘a? _ Fusion GlobalFiler
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4q FGA

50 | CSF1PO
5q D5S818
6p F13A01
6q D6S1043

6q SE33
7q D75820
8p LPL

8q D8S1179
9p Penta C
10q D10S1248
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12p | D12s391
12p WA
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STR Marker Layouts for New U.S. Kits

24plex
5-dye
- (5-dye)
9o AM  D3S1358 D1S1656 D2S441 D10S1248 D13S317 Penta E
g I T T . . .|
LL>< D16S539 D18S51 D2S1338 CSF1PO Penta D
q_) | |
o THO1 VWA D21S11 D7S820 D5S818 TPOX  DYS391
G_) . | . | |
o?_) D8S1179 D12S391 D19S433 FGA D2251045
22 core and recommended loci + 2 additional loci
24plex
D3S1358 VWA D16S539  CSF1PO TPOX (6-dye)
| Yt AM D8S1179 D21S11 D18S51 DYS391
9 | ] I
T | D2s441 D19S433 THO1 FGA
c_s . . ! . |
o D22S1045 D5S818 D13S317 D7S820 SE33
2 | | | . =, |
@)

D10S1248 D1S1656 D12S391 D2S1338



DNA Mixture Detected with PowerPlex Fusion (24plex STR kit)
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GlobalFiler Allelic Ladder

D351356 | [ | [D165539 | [CSFPD | [TPOX
an 130 170 210 250 290 230 270 410
4000
2000
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4000
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343 alleles across these 24 loci
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PowerPlex Y

Yfiler

PowerPlex Y23

STR Marker Layouts for Y-STR Kits

DYS391 DYS389I DYS439 DYS389ll
& ;. ;& |
DYS438 DYS437 DYS19 DYS392
I I I
DYS393 DYS390 DYS385 a/b
I I
DYS456 DYS389I DYS390 DYS389ll
I I I
DYS458 DYS19 DYS385 a/b
L | L |
DYS393 DYS391 DYS439 DYS635 DYS392
I I
Y-GATA-H4 DYS437 DYS438 DYS448
I .| I
DYS576 | DYS389I DYS448 DYS389ll DYS19
I I I
DYS391 DYS481 DYS549 DYS533 DYS438 DYS437
L W e i\ B W |
DYS570 DYS635 DYS390 DYS439 DYS392 DYS643
L’ ;o |

DYS393 DYS458 DYS385 a/b DYS456 Y-GATA-H4

12plex
(4-dye)

17plex
(5-dye)

23plex
(5-dye)



Expanding the Forensic Core Competency

Type of Match

1-to-1
Standard Paternity Kinship
STR Typing Testing Analysis
-
% 13 core loci ~15 loci Additional loci
3 may be beneficial
©
o
> Standard STR - .
- . Familial Searching/
Typing for Missing Persons
Database Search J
_ Additional loci may be beneficial
13 core loci
1-to-many

Level of Certainty



CRIME & COURTS July 7, 2010

Arrest Made in L.A. 'Grim Sleeper’ Killings

Publizhed July 07, 2010 | Az=sociated Press

Print Email 2¢ Share Comments (0} B recommend - 42 = Text Size <

LOS ANGELES -- A one-time police mechanic was arrested and charged Wednesday in the
serial killing of 10 people over 25 wears after a DMNA sample from his son was found to bear a
close resemblance to DMA found on the wictims.

Lonnie Franklin Jr., 27, was charged with 10 counts of murder, one count of attempted murder
and special circumstance allegations of multiple murders that could make him eligible for the
death penalty if convicted, District Attorney Stewe Cooley said.

He is charged with 10 counts of
murder and one count of attempted
murder for a series of killings that
date back to 1985.

Lonnie David Franklin Jr.



Putative Relative Is Found

A June 30, 2010: Second familial search of the
California database yielded one likely relative

A Database profile belonged to Christopher Franklin
(31 years old)

I Profile added to the database in 2009 after a felony
weapons possession charge

AGrim Sleeper profile matec
with one allele at all 15 loci

A Both individuals shared the same Y-STR profile,
Indicating a possible paternal relationship



ldentifying the Grim Sleeper

A Given that the murders spanned at least 25 years,
the paternal relationship was likely father-son

AUndercover police shadowe
Lonnie David Franklin, Jr., who lived in the vicinity of
the murders

A Police collected a DNA sample from Lonnie Franklin
I Direct match between L. Franklin and the Grim Sleeper



Rapid DNA Efforts

Accelerated Nuclear DNA Equipment \!
(ANDE) developed by NetBlo Pete Vallone Erica Butts

A Evaluating ANDE (NetBio) and
IntegenX rapid DNA instruments

I both instruments are capable of
swab in A STR profile out in less
than 90 minutes without user
intervention

1\‘& ‘3

S
\\\\\\\\\\\\w

A Exploring rapid DNA techniques
RapidHIT 200 developed by IntegenX including direct PCR and rapid
PCR
—— I STR profiles generated in <2 hours

with standard lab equipment and
rapid protocols

I See ISHI 2012 poster available on
STRBase nRapid DNA
Approaches for Ref

Fastest results swab-to-profile
(Identifiler): 57 minutes




Rapid PCR Thermal Cycling Profile

ldentifiler STR kit
28 cycles of PCR

00°C | 95C 72°C
10min | 1min \ 59C = 600(?
1 min 60 min
20T | 95C 720c | 72°C
1 min 5s \ 538°C | 10 s 1 min
10s Sub 36 min run time

Maximum heating/cooling rate of ~2 to 6°C/s (cycler dependent)

Slide from Peter Vallone (NIST)



Full Identifiler STR Profile with 19 min PCR

[DESITTD | 21511 | [DTSEZ0 | [CSFIFQ |
a0 110 130 130 170 140 0 230 2a0 270 240 h 1] 230 230 370
1400+
) L L A
12 14 Ell] 33.4 S 10 11
12058] 1159 1123] (938 152111540 19652
12
1379
[D351358 | THO1 | D135317 | D165539 | [DZ5133% |
a0 110 130 130 170 140 0 230 2a0 270 280 0 330 240 370
2500 1 1 t t t 1 1 1 1 1 1 t 1 t 1 t 1 1 1
“ } | 1l A
I:I-- _r\_JrIL-"- = 1 — T a - T - 1§ —
15 7 5 11 16
1083 ) |04 2086 1050 2321 2142
7 o 12 17
2086 1050 2124 18381
[D195433 | WA | [TPOX | [D1BSE]L |
a0 110 130 140 170 140 0 230 a0l 270 280 =a ] 330 a0 370
2000+
A oY) J A A
12 15 11 13 ]
1162 1372 3663 1932 1601
13 16 11
1042 1093 3663
[DESEIE | [FGA |
a0 110 130 130 170 140 0 230 2a0 270 240 h 1] 230 230 370
20004+ J‘L
0 Jrllk JIL i _.“- _nnn_
x 12 20 25 H H
1333 2295 Q Sa Mastercycler Pro S, rapid enzyme mix
K3 12
L L 1 ng DNA template, 28 cycles

Slide from Peter Vallone (NIST)




Potential Applications
with Rapid PCR Capabilities

A Improve overall laboratory throughput

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

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

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

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



A nNCrystal Bal |l o




Possible scenarios for extending sets of genetic
markers to be used in national DNA databases

Core set of markers
(8.9, CODIS13STRs)  Maintaining connection to

legacy data Is essential

o
Past and ()— Extra loci would be included

Present (due to large PCR multiplexes)

() »/

(d)

| Highly unlikely to start
Some loci may be dropped ith loci
to enable replacement over with new locl

with better loci

Future




STRs vs SNPs Article

Forensic Sc1 Med Pathol (3007 3:2500-205
LD TP s ] N0 7-060 ] 5=

ORIGINAL PAPER

STRs vs. SNPs: thoughts on the future ol forensic DNA testing

John M. Builer - Michael ). Cohle -
Peter M. Vallone

A SNPs are unlikely to replace STRs for routine forensic
DNA testing due to challenges with high-level
multiplexing and mixture detection/interpretation

A Most likely use of SNPs will be as ancestry-informative
markers (AIMs) for sample ethnicity estimation




CSlis

ompromised Sample Improvements

A Better DNA extraction/recovery

A Continued use of miniSTRS

I to improve success rates for recovery of information
from compromised DNA evidence

A Replicate results for reproducibility
I to improve reliability with low-template DNA testing



Going Beyond the Core Competencies of
Forensic DNA Testing

Core Competency

Challenging
Standard kinship search
: Direct Matching | 9Y€SUONS  Familial Searching
STR Typl_ng (or Parentage) Attempts (fishing for
(DNA PrOf”e) brothers or other
relatives)
Sufficient DNA quantity (ng)
Solution: Additional Markers
Lower (Y-chromosome, more STRs) and
amounts of Multiple Reference Samples
DNA being
tested
Touch DNA Attempts Be very cautious
(poor quality, mixtures, low-level )
stochastic effects) when out si1 de

Solution: Replicate Testing




Highly degraded DNA

SNP genotyping in an extreme degradation case
Corpse half buried in a forest for ten years

AUncovered by a forest fire

ACalcinated remains
Identifiler success 0%

DESIITe | [DEISII ] [DTSEz ] [CSFIPO ]
a0 100 110 120 120 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 230 200 210 220 320 240 50 80 am
400
200

PLACAITO_GO4f3a Idendifiler_v1 . .

[D35135% ] [THIT ] DI3S317T | 165538 | D25133% |
220

a0 100 110 120 130 140 1350 160 170 180 190 200 0 230 240 250 260 270 280 230 300 210 220 330 240 50 %0 3

PLACAIT0_GO4f3a Idendifler_v1 . .
[DI95433 | A ] [MPOX ] [DIFSEL ]
a0 100 110 120 130 140 130 180 170 180 130 200 0 220 230 240 250 260 270 280 230 200 0 220 330 240 250 %0 370

an0

200

PLACAIT)_GO4fsa Idendifiler v1 . .

DESSIE [Fex
100 110 120 130 1 150 160 7o 180 180 200 0 220 230

400

200

A

Slide from I\/iahuel Fondevila (NIST, USC)



Highly degraded DNA

ACalcinated remains

HID 52plex Auto 1:
success 100%

AUncovered by a forest fire

SNP genotyping in extreme degradation case
Corpse half buried in a forest for ten years

HID 52plex Auto 2
success 100%

MiniFiler success 30%

)

Slide from I\/IanUeI Fondevila (NIST, USC)
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Geographical Origin Prediction

AlLao O, van Duijn K, et al. (2006) Proportioning whole-genome
single-nucleotide-polymorphism diversity for the identification of
geographic population structure and genetic ancestry. Am J Hum
Genet 78: 680-90.

A Phillips, C., Salas, A., et al. (2007) Inferring ancestral origin
using a single multiplex assay of ancestry-informative marker
SNPs. FSI: Genetics 1: 273-280.

A Halder, 1., Shriver, M., et al. (2008) A Panel of Ancestry
Informative Markers for Estimating Individual Biogeographical
Ancestry and Admixture From Four Continents: Utility and
Applications. Hum Mut 29: 648-658.

A Pereira R., Phillips C., et al. (2012) Straightforward inference of

ancestry and admixture proportions through ancestry-informative
insertion deletion multiplexing. PLoS One;7(1):e29684.

Slide from Manuel Fondevila (NIST, USC)



