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Interfaces Between Disciplines Are Crucial

Law
Enforcement

What Every Law
Enforcement
Officer Should
Know About

';NCME OF
“FORENSIC

Laboratory

e Officor of tha Courl

Classroom to Courtroom

» We should encourage more scientist-
lawyer interaction as both sides will
benefit from understand the other

DNA Training for Officers of the Court

PRESIDENT’S
Advancing Justice Through DNA Technology
INITIATIVE
* CD-ROM available
from the U.S. National
Institute of Justice
e (http://www.ncjrs.gov)
PRINCIPLES OF

FORENS'C + On-line training
D N A available at
http://www.DNA.gov

for Officers of the Court

http://www.dna.gov/training/otc/

perspective
+ DNA.gov website — Officers of the
Court
. . . J Ty
» Recent experience with the American S
Prosecutors Research Institute (APRI) \3*..
(Jan 30 — Feb 1, 2006) }.
PRESIDENT'S . . .
BP9 Principles of Forensic DNA
INITTATIVE q
for Officers of the Court
1. Introduction 8. Mitochondrial DNA & Y-STR
2. Biology of DNA Analysis
3. Practical Issues Specific to 9. Forensic DNA Databases
DNA Evidence 10.Collection of DNA Evidence
4. Forensic DNA Laboratory 11.Pretrial DNA Evidence
5. Assuring Quality in DNA Issues
Testing 12.Victim Issues
6. Understanding a Forensic 13.Trial Presentation
DNA Lab Report 14.Postconviction DNA Cases
7. Statistics and Population 15.Emerging Trends

Genetics

http://www.dna.gov/training/otc/

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

DNA

Zorensis + APRI Training Curriculum
b X,
og'anr'nttp :/lwww.ndaa-apri.org/apri/programs/dna/dna_home.html

» Case scenarios developed to train prosecutors
in legal and scientific aspects of DNA testing

+ Example data and reports are being created

» More scientist-lawyer interactions are needed

» Training resources available on STRBase

@ AP @NIOAA

American Pr rtors Research Institut Mational District Attorneys Association
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Upcoming Prosecutor Training Course

Topics to Include:
Tl“li lnm“"_ nm « Understanding Lab Reports
. ’ . . ificati i

Identification, Collection and
Submission of DNA Evidence
l . Nuclear DNA
Mitochondrial DNA Analysis
+ Y-STR Analysis
Understanding Statistics
Discovery
Ethical Issues
Defense Expert Witnesses
« Third Party Defense Motions

DNA F'"M”"""S + Admissibility of DNA Evidence
on the and Expert Scientific Testimony
DAPRI Wiltness Stand « Preparation of the DNA Expert
Chicago, Minaks and Prosecutor for Trial

April 25-28, 2006

April 4, 2006

The National Advocacy Center

http://www.ndaa-apri.org/education/nac_index.html

The National Advocacy Center, situated on
the University of South Carolina campus in
Columbia, is a joint venture of the National
District Attorneys Association (NDAA) and

the U.S. Department of Justice.

hitp://www.sandlapper.org/advpic3.jpg

hitp://www.sandlapper.org/advpict.jpg

Information Resources for Defense Attorneys
http://www.nlada.org/Defender/forensics/for_lib/Index/DNA/exhibits/index_html
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What We Want to Avoid...

DNA
spelled
backwards
is “AND”?

"For the last time! No more DNA evidence|l” He was good. Real good i

Impact of Forensic DNA Testing
Guilt Innocence

LK)

Colin Pitchfork

K|rk Bloodsworth Josiah Sutton

Innoc nce Project

L

Gary Coleman

The Innocence Project

] T e ——

‘ http://www.innocenceproject.org ||

Innocl?nn[:e Project

AR
Exonerated in
Georgia

I calvin willis
Yo orhcidert 1901 March 29, 2006
m 175 EXONERATED
our of Exenerator: 2000
‘Sertence Served: 2 years

The Innocence Frapct ol T Detysmn N, mwumtwm wnmcwmm:
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Far
ko £ g

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

» Forensic cases -- matching suspect with
evidence

« Paternity testing -- identifying father

« Missing persons investigations

» Military DNA “dog tag”

« Convicted felon DNA databases

» Mass disasters -- putting pieces back together
« Historical investigations

Involves generation of DNA profiles usually with
the same core STR (short tandem repeat) markers
and then MATCHING TO REFERENCE SAMPLE

Historical Perspective on DNA Typing

Sir Alec Jeffreys d

= www.dna.gov

Justice for All Act 2006

($1B over 5 years)

Identifiler 5-dye kit
and ABI 3100

UK National 2002
Database launched  cop|s |oci

2004 Y-STRs

(April 10, 1995) defined PowerPlex® 16
Gill et al. (1985) Forensic (16 loci in single amp)
application of DNA ‘fingerprints" pRe ”41998 2000

STR typing with

Nature 318:577-9 FSS
CE is fairly routine

Quadruplex _»
-~

First STRs ;/1994 1 996) First commercial

fluorescent STR
developed ‘ P4 multiplexes MIDNA
-
1 990 \ 1992 //éaplllary electrophoresis
NG /' of STRs first described

\1985/ PCRdeveIoped DQA1 & PM

*-" RFLP (dot blot) Multiplex STRs

Butler, J.M. (2005) Forensic DNA
Typing, 2 Edition, Box 1.3, p. 9 Wi, N
DNA_. History
FBI Report on A
Analysis of Stain

X sassine S Das 08/17/98
on Monica o Diia Atalysis 1 oscvos 202-324-4409
Lewinsky’s Blue Pasicre.  390-01C-LR-35063 Like  SE0730002 § BO
60803100 § BO
Dress
Results of Examunations:

Deoxyribonacleic acid (DNA) PTofiles far the gemetic loci

DI84s DL7s7s. DIST. DASLID, DL0SS, DESIL and DIEHE7 were
from Hae1ly 26

Cxiracted From specinens 33 and Q32431 fa. sermen arain resoved
from apecimen 03241). Based on the resulta of these seven
genetic laci, Specimen K39 (CLINTON) i5 the mource of the DNa
Gbtained from apecimen 03243-1, te a reaconable dsgree of
sciantific certainty.

No DNA-RFLP examinations were conducted on specimen 3243-
2 {a memen etain rewoved from specimen Q3243)

fuci— £ W, 200, 20, 00
e - 757 dog 20, 00
564 - 3 4y 000, 000, 000
o~ PHY oy B4 90

hitp://www.law.umkc.edu/faculty/projects/firials/clinton/lewinskydress.html

Tomb of the Unknown Soldier
DNA History
« Armed Forces DNA

( Identification Laboratory
(AFDIL) (Rockville, MD)

* In June 1998 AFDIL identified
Michael J. Blassie as the
Vietnam Unknown in the Tomb
of the Unknown Soldier
(located in Arlington National
Cemetery)

« There will be no more
“unknown” soldiers.

Butler, J.M. (2005) Forensic DNA Typing, 2 Edition, Box 10.1, pp. 250-251

Identifying Victims of Mass Disasters

Butler, J.M. (2005) Forensic DNA Typing, 2nd Edition, Chapter 24 - —
— DNA Histo
PoLicY FORUM XL 'y

DNA Identifications After the
9/11World Trade Center Attack

Leslie G Boenecker.” Juan . Badey Wilson fack Ballat e, Hirmaed Bawrn,
Fredarich BB sbar, Charlas Bronner, e Budoid s, Joh M Btler,

Barry Du Arthas Berbers,
Lina Fosman, KarestnK. Kb, Bo it Laciak, St evan Wiargada, Thamas | Parsams,
Elizabeth Pgh, Robert Shaber, $tapheon 1 Sherry, Amicds Soter, Avee Walsh

Science (2005) 310: 1122-1123

Feb 23, 2005: Announcement that
DNA identification efforts have
been exhausted. Only 1,585 victims
(58%) were identified from the
2,749 killed at the WTC site.

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

The Present

Short Tandem Repeat
(STR) Typing
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National Commission on the @é‘@

Future of DNA Evidence =

*Report published in Nov 2000

*Asked to estimate where DNA

testing would be 2, 5, and 10 years

into the future

Conclusions
STR typing is here to
stay for a few years
because of DNA
databases that have
grown to contain
millions of profiles

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

Advantages for STR Markers

» Small product sizes are generally compatible with
degraded DNA and PCR enables recovery of
information from small amounts of material

» Multiplex amplification with fluorescence detection
enables high power of discrimination in a single test

» Commercially available in an easy to use kit format

» Uniform set of core STR loci provide capability for
national and international sharing of criminal DNA
profiles

National DNA Index System (NDIS)

FBI Laboratory @CODIS

MEINED DN

http:/lwww.fbi.gov/hg/lab/codis/index1.htm

Combined DNA Index System (CODIS)

Launched in October 1998 and now links all 50 states

Used for linking serial crimes and unsolved cases with repeat offenders

Convicted offender and forensic case samples along with a missing
persons index

Requires 13 core STR markers

>32,000 investigations aided nationwide as of Feb 2006
Contains more than 3.0 million DNA profiles

Position of Forensic STR Markers
on Human Chromosomes
& 13.CODIS Core STR Loci

=}
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Core STR Loci for the United States

s =
E o Sex-typing
D138317 S = E E = S E
D16S539 , D18S51 D21S11 E
14 ‘ 1T ‘ 19 20 22 X

Position of Forensic STR Markers
on Human Chromosomes

10 SGM Plus Loci
SE33 (Germany)

o ey

NFSI
- 1995

THo1 m 1999

Core STR Loci for Europe

E [ D195433
165539 j D18S51

Review Article on Core STR Loci

John M. Burler,' PhD.

Genetics and Genomics of Core Short Tandem
Repeat Loci Used in Human Identity Testing

Journal of Forensic Sciences 2006, 51(2): 253-265

» Reviews STR kits, genomic locations, mutation rates,
potential genetic linkage, and known variant alleles for
autosomal STR and Y-STR loci

» Covers characteristics of 18 autosomal loci (13 core
CODiIS loci, D2, D19, Penta D, Penta E, SE33) and 11
SWGDAM-recommended Y-STR loci

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Y7
Locus Chromosomal Location Physical =7 sTn Base S
Name Posltion? . vy . é "_
CSFIPO 5q33.1 Chr 5 143.484 Mb Position of Each &,‘; Short Tandem Repeat DNA Internet Database Q-_,;
cfms proto-oncogene, 6 Intron COD'S STR LOCUS ~ T 3 veugr
FGA aq31.3 chr4 156.086 Mb . = http://WWW.CSﬂ .nist.govlbiotech/strbase =
alpha fibrinegen, 3w Intron in Human Genome
ot e rydronylase, tntran o MP General Information Forensic Interest Data ~ Supplemental Info
TPOX 2253 chr21.4360b *Intro to STRs *FBI CODIS Core Loci Reference List | >2500
thyrold peroxidase, 10" Intron di loadable P Point
e 1213t i 12 19 826D (downioadable PowerPoint) *DAB Standards *Technology Review
P " *STR Fact Sheets
von Willebrand Factor, 40" Intron Fevia ErEE 6 come SR *NIST SRMs 2391 *Addresses for Scientists
D351388  3p21.31 chr 345543 Mb : : : *Sequence Information . . . "
loci genetics and genomics Published PCR Primers «Links to Other Web Sites
Dssa1s 5q23.2 chrsazaiezmb | | published in March 2006 *Multiplex STR Kits .Y-Chromosome STRs .DNA Quantitation
D75820 7921.11 chr7 83.401 Mb +Variant Allele Reports )
0851179 8q2413 chrg 125.863Mb Butler, J.M. (2006) Genetics «Population Data *mtDNA
. ’ and genomics of core STR loci +Training Slides L .
D135317 13g31.1 chr 13 80.52Mb used in human identity testing. *Validation Studies *New STRs
D165533 160241 Chr16 86,168 Mb J- Forensic Sci. 51(2): 253-265 *miniSTRs +Forensic SNPs
D1ass1 18g21.33 chr 18 59.098 Mb . . .
S v marows | COTTI0S2 Forons ONA T New information is added regularly...

Status of Genetic Marker Systems The Future
Used in Forensic DNA Testing

More Robotics

» STRs — widely used in national databases today

* miniSTRs — now in research; WTC use; kit
under development (more detail in today’s
Biological Criminalistics section)

Expert Systems

Animal & Plant DNA

» mtDNA — used in specialty labs for highly
degraded specimens

» Y-STRs — growing use due to kits now available

» SNPs - research; likely to be limited in use o F
(more detail in today’s Biological Criminalistics b @ - .

section) 1-1’: {i},{r

Physical Characteristics

it

Ethnicity Estimation &

A “Crystal Ball” to the Future Improvements in Forensic DNA Analysis

 Biology
— Improved DNA extraction with automation

— New capabilities for recovery of information from
degraded DNA samples (e.g., miniSTRs)

» Technology
— Parallel processing of DNA with capillary arrays
— Expert systems for automated data interpretation
* Genetics
— Ethnicity estimations (with STRs and/or SNPs)
— Larger Y-STR and mtDNA population databases

Effective Training is Needed in All Areasl

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Training Materials Available or Planned

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

+ DNA Basics

Validation

+ STR Analysis and Capillary Electrophoresis
* Y-Chromosome Analysis

» Mitochondrial DNA Analysis

» Expert Systems

» Low-Copy Number (LCN) DNA Testing
Statistics

Mixture Interpretation

Training Materials and Review Articles

+ Workshops on STRs and CE (ABI 310/3100)
— Taught with Bruce McCord (Florida Int. Univ.)
— NEAFS (Sept 29-30, 2004)
— U. Albany DNA Academy (June 13-14, 2005)
— AAFS Feb 2006 Workshop #6 (February 20, 2006)

« Other Workshops
— Validation (August 24-26, 2005)
— mtDNA Analysis (March 13-15, 2006)
— Expert Systems (March 27, 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(2): 253-265

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

AAFS Workshop #6 (Feb 2006, Seattle)
Advanced Topics in STR DNA Analysis

Instructors: John Butler and Bruce McCord

+ 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 qPCR

* Low-copy Number Issues

* Y-STRs and mtDNA ~500 PowerPoint Slides Available

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

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.

» 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.

Location of NIST (near Washington, DC)

Baltimore, MD

BWI
Airport

Capitol Beltway

Washington
D.C.

Reagan
National
Airport

Dulles
Airport

1-66

Richmond, VA

NIST Gaithersburg Campus

Administration . e Ly
(Building 101) .., U—"’B"

Located in Gaithersburg, Maryland, on
“w==== approximately 234 hectares (578 acres)
j just off Interstate 270 about 25 miles
i, northwest of Washington, D.C.

Advanced Chemical Sciences
Laboratory (Building 227)

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




J.M. Butler — ANZFSS 2006 Plenary Talk

April 4, 2006

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

* Training Materials

— Review articles and workshops on STRs, CE, validation
— PowerPoint and pdf files available for download

Genetic Markers Under Examination

New miniSTRs

CORE STR Loci

Variant allele sequencing

»w VZW

D18S51 Null Allele from Kuwait Samples with ABI Primers

PowerPlex 16
I 172 bp downstream of STR repeat (G>A) I
normal S =
1Jl 8 |1 "
Lo
g 1l
2 1 l i
o g
Identifiler g 4 —
@ Ledreac 10 nt from
Fend
NG CoT |
10 nucleotides from 3’end of
Allele 18 drops out ABI D18-R primer (PowerPlex 16
primers are not impacted)

Clayton et al. (2004) Primer binding site mutations affecting the typing of STR loci
contained within the AMPFISTR SGM Plus kit. Forensic Sci Int. 139(2-3): 255-259

A miniSTR is a reduced size STR amplicon that enables
higher recovery of information from degraded DNA samples

Conventional miniSTR
PCR primer primer
T
STR repeat region 4—
a0 miniSTR Conventional
Testing must be performed tl:) show allele primer PCR primer
concordance between primer sets

4‘; Conventional STR test
o (COfiler™ kit)

Taa e e e e

2
LH
5
&

m

[ [
~150 bp smaller «w MiniSTR assay (using
wo  Butler ef al. 2003 primers)

T2 &7}

Butler, J.M. (2005) Forensic DNA Typing, 2 Edition, Figure 7.2, OElsevier Science/Academic Press

o Finreseie X, S parmber 2
Paper |

J. Forensic Sci. Sept 2003 issue
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ok M. 8 P Vi Shen PR and

e i, Metond Describes new primer
sequences for all CODIS loci

The Development of Reduced Size STR and initial assays developed
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Initial Testing Results with Potential miniSTR Loci

[ +800 charachecind STR msckars for semning |

>900 l Coble and Butler (2005)
(387 posetiaioct J. Forensic Sci. 50(1): 43-53
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http://lwww.cstl.nist.gov/biotech/strbase/newSTRs.htm

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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The DNA Field Moves Forward...

The Past The Present The Future

W
ﬂ‘-"é’é’fﬁf@;‘; ﬁ 'é. 1 %

calMolscularBilogy DNAFgerpriny

: STRs

%
RFLP miniSTRs
500 — 25,000 bp 100 - 500 bp 50 - 150 bp
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