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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. DNA typing standard

Outline

*DNA, Short Tandem Repeats (STRs) and the
polymerase chain reaction (PCR)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Working with DNA is relatively easy
Lengths of DNA up to 100 base pairs can be commercially
synthesized and purified

DNA is relatively stable: can be stored in water or low salt
buffer at 4°C for 6 months to a year

Single strands can be functionalized and attached to beads
or a glass/silicon surface

Fluorescent dyes can be covalently attached on the 5" end of
the molecule for detection purposes

Single strands of DNA have a
strong affinity for their complement

Length ' Sequence Ka (M-1)
Smer |agctc 8.0E+01
10mer |acgtagctca 8.3E+05
15mer acgtatcgatcgatc 1.4E+09
20mer acgtactgcatcgatcgatc 5.5E+13

25mer acgtatcgatcgatcgatctacgat 3.1E+16

Other binding constants: Strepavidin-biotin[1013],
Drugs[~108], Antibodies[107 to 10""]

DNA is a biopolymer that consists of
only 4 monomers units

Relationship: 4N where N is the length of the sequence

Length (nt) Possible unique seqs | Base pairs in Human Genome

5 1024 3.2E+09
10 1.0E+06 3.2E+09
15 1.1E+09 3.2E+09
20 1.1E+12 3.2E+09
25 1.1E+15 3.2E+09

It is reasonable to assume that DNA molecules of ~15 units
or greater are unique in the human genome (exceptions,
repeats, duplicated regions etc)

DNA in the Cell

chromosome 22 pairs + XX or XY

cell nucleus

Double stranded '
DNA molecule - Target Region for PCR |
e :

~3 billion total base pairs

Individual
nucleotides

Our DNA Comes from our Parents

Father’'s Mother's
Sperm l Egg

Child’s Cell

What Type of Genetic Variation?

*Length Variation
short tandem repeats (STRs)
CTAGTCGT(GATA)(GATA)(GATA)GCGATCGT

*Sequence Variation
single nucleotide polymorphisms (SNPs)

insertions/deletions
GCTAGTCGATGCTC(G/A)GCGTATGCTGTAGC

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Short Tandem Repeat (STR) Markers

An accordion-like DNA sequence that occurs between genes
TCCCAAGCTCTTCCTCTTCCCTAGATCAATACAGACAGAAGACA
GGTGGATAGATAGATAGATAGATAGATAGATAGATAGATAGA

TAGATAGATATCATTGAAAGACAAAACAGAGATGGATGATAGAT
ACATGCTTACAGATGCACAC

=12 GATA repeats (“12” is all that is reported)

-+ 7repeats <« The ber of tive repeat
> 8repeats mrrr < units can vary between people
» 9repeats prrrrry <+
> 10 repeats * The FBI has selected 13
- 11 repeats < .
> 12repeats < core STR loci that must
> 13 repeat <« berunin all DNA tests in
— order to provide a
Target region common currency with
(short tandem repeat) DNA profiles
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Basic Concepts

PCR polymerase chain reaction — method of
amplifying a specific region of the genome — go from 1 to
over a billion copies in about 2 hours

Locus region of the genome being examined

Allele the state of the genetic variation being examined
(STRs = number of repeat units)

Chromosomes are paired so...
Homozygous — Alleles are identical on each chromosome
Heterozygous - Alleles differ on each on each chromosome

PCR Process

5 3’ Starting DNA Template
AL

80-500 bases
3 57

. Separate
Forward Primer strands
50 3¢ (denature)

— TTTTITTTTIT
Add primers

5’ (anneal)

T
m Make copies

/\ /\ Copyng DNA /\ /\
A A AN VANANAWAN

37 5"
Reverse Primer

PCR Copies DNA Exponentially
through Multiple Thermal Cycles

RN N . PR NN -
W -
Original DNA target region
T T N I )_LLLLLLLLL&_ -
Thermal cycle
TTTTTTITITIT T TTTTTITITITI
= R R

TTTTTTTTTT  “TTTTTT 1T 1T
S, il . g

230
In 30 cycles at 100% efficiency, 1.07 billion
copies of targeted DNA region are created

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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*Uses of DNA testing
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Fingerprints have been used since 1901 DNA since 1986

Characteristics of Genomic DNA

» Each person has a unique DNA profile
(except identical twins)

» Each person's DNA is the same in every
cell (DNA from skin cells will match DNA from
blood cells)

* An individual’'s DNA profile remains the
same throughout life

 Half of your DNA comes from your
mother and half from your father

Forensic DNA Testing

Probe subsets of genetic variation in order to
differentiate between individuals

DNA typing must be done efficiently and
reproducibly (information must hold up in court)

Typically, we are not looking at genes — little/no
information about race, predisposal to disease,
or phenotypical information (eye color, height,
hair color) is obtained

Applications for Human Identity Testing

Forensic cases - matching suspect with
evidence

Paternity testing - identifying father
Historical investigations

Missing persons investigations

Mass disasters - putting pieces back together
Military DNA “dog tag”

Convicted felon DNA databases

As DNA analysis has shown its usefulness, the number of samples
gathered for testing purposes has gone up dramatically. ..

A Brief History of Forensic DNA Typing

US National
Database launched 2002 2004
(it e ki) Y-chromosome STRs
UK National . .
Database launched 1998 2000 STR typing with CE is
(April 10, 1995) routinely used worldwide
Gill et al. (1985) U.S. core loci defined
Forensic application of 1996
p . 1994
,E\’INIA f'”ﬁ?g};‘; 99 First commercial fluorescent
atre : mtDNA STR multiplex kits
1990
1992 Capillary electrophoresis
First STRs of STRs first described

developed
1985  PCR developed

STR = short tandem repeat

CRIME SCENE INVESTIGATION
C Unfortunately, current DNA testing cannot be
b performed as quickly as a commercial break...

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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*Steps involved in sample typing
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Collection
Specimen Storage

Extraction
Quantitation
Genotyping

Interpretation
of Results

Database
Storage & Searching

Steps in DNA Analysis

4 m
Collection [FrreeTed

& Storage DNA S\QTB\OI © PicoGreen
(Blood Stain)  Extraction DNA Quantitation

1
Trreee

Multiplex PCR Amplification

T

O |0ard fafe 09 09 F-r
[ [4pe]  [3) [19]

STR Typing

Male: 13,14-15,16-12,13-10,13-15,16
Interpretation of Results

DNA Database

Sources of Biological Evidence

* Blood
* Semen

el |
S

* Teeth i
* Bone
* Tissue

Blood sample

Only a very
small amount of
blood is needed
to obtain a DNA

profile

Steps in DNA Analysis

Steps in DNA Analysis

Collection
Extraction

Quantitation

The Buccal I?Nl ollec
Genotyping ~ e
Bode Decision for which collection

Technology Group, Inc. | Paper to use based on NIST
A Chuioefin” Company storage studies

——

Interpretation
of Results

Database
Storage & Searching

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

Steps in DNA Analysis

Collection
Extraction
Quantitation
Genotyping

Interpretation
of Results

Database
Storage & Searching

Steps in DNA Analysis

A small punch taken from the buccal device
and is incubated in an extraction buffer

It is important to remove the heme from
blood sample as it will inhibit the PCR

Commercial chromatography columns are
available for the extraction process
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Steps in DNA Analysis

Steps in DNA Analysis

Collection It is important that the optimal amount of
DNA is added to the PCR

Extraction

Typically 0.5 ng to 2 ng works well
Quantitation

Too much or too little DNA will result in
Genotyping artifacts obscuring data interpretation

Interpretation DNA can be quantitated using UV

of Results spectroscopy, fluorescence (after the
addition of an intercalation dye),
Database hybridization with a probe, and gRT-PCR

Storage & Searching

January 18, 2006

Impact of DNA Amount into PCR

Reason that DNA Quantitation is Important Prior to Multiplex Amplification

* Too much DNA + Too little DNA
— Off-scale peaks — Heterozygote peak imbalance
— Split peaks (+/-A) — Allele drop-out
— Locus-to-locus imbalance — Locus-to-locus imbalance
DNA Size (bp)

EEA 120 130 140

5000 ] 100 pg
4000 template -~ - ""JL
2000 10 ng template
o] (overloaded) 5 pg M:zs

] template o\
soon] D351358

4000 ]
2000 ] 2 ng template
o level)

Relative Fluorescence (RFUs)

Stochastic effect when amplifying low
levels of DNA produces allele dropout

Steps in DNA Analysis

Steps in DNA Analysis

Collection The quantitated extract is then amplified
(PCR)

Extraction

Various commercial kits containing
Quantitation fluorescently labeled PCR primers exist

Genotyping Up to 16 loci are simultaneously amplified

Interpretation Amplification takes approximately 2 hours
of Results

The PCR products are diluted and
Database separated/detected on a gel or capillary

Storage & Searching platform

Multiplex PCR

(Parallel Sample Processing)

— Multiple primer sets target
multiple sites in the human
genome

L = Spectrally distinguishable
e oo fluorescent dyes are used
! as labels

Advantages of Multiplex PCR
—Increases information obtained per unit time (increases power of discrimination)
—Reduces labor to obtain results
—Reduces template required (smaller sample consumed)

Capillary Electrophoresis System

Laser

36 cm

Capillary filled with

. Detection
polymer solution

window

= 5-20 +
(cathode) KV (anode)

Outlet
Buffer Buffer

L1 sammio vy mos

automatically beneath the
Sample  cathode end of the capillary
tray todelver each sample in
succession

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

Capillary Electrophoresis Instrumentation
ABI 310 ABI 3100
single capillary 16-capillary array
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Labeled DNA fragments Princinles ot Samnle

(PCR products)

conayor  S@Paration and Detection

Gel Lan
Sample Detection

|
Size [ | Art CCD Panel
Separation 1 || LASER
[ || (488nm) N 0 .
|
v T Col
Detection o OI'_
region [ | Separation
ABI Prism

Fluorescence
spectrograph

January 18, 2006

Steps in DNA Analysis

Steps in DNA Analysis

Collection The peak(s) for each locus are compared
to an allelic ladder which contains all the
Extraction possible alleles
Quantitation A repeat number is assigned for each

observed peak
Genotyping
The repeat values are tabulated for each
Interpretation locus

of Results
Visual comparisons between data can be
Database helpful

Storage & Searching

Result from the Identifiler STR Kit

Identifiler STR Kit

Information is tied together with multiplex PCR and data analysis

0o i 1 L) =

xm 1w m ™ 0 m 2 b

Companies Supply Allelic Ladders in STR Kits
to Aid Interlaboratory Consistency

Profiler Plus kit allelic ladders (Applied Biosystems)
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Crime Scene - Two Suspects
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DNA Profiles from Multiple Regions

o “Crime Scene”
| M_l“ | Evidence
: ] 1 - . “Suspects”

l lui I lui I l
(NN Y
l 1 T Y T

L i
E
Cc
D
A

| 1111 IR WU T

Data Format

AMEL CSF1PO FGA THO1 TPOX VWA D3S1358 D5S818
Ind(1) XY 11,12 19,21 6,7 8,8 15,18 14,18 10,13

The number of repeats observed for each locus is tabulated

This data format is stored in databases and used for
comparisons/matches

PCR Product Size (bp) Same DNA sample run with
o = e I g B om0 & Applied Biosystems STR Kits

Dast3se  vwa FGA Random Match Probability
| i 1 Blue 1.0x 108
Amel THO1 TPOX CSF1PO
:
\ -4
Green | 7.8x10
D3s1358  TH0T  D13s3TT CSFIPO
Amel pssgtg VWA TPOX FGA o Profiler™ 9.0 x 101"
R 1 W
Amel  DBS1179 ywa  D13S317
D3S1358 D5S818 D21511 pga 75820 Profiler Plus™ 2.4x10M
TR | D18S51
[V
D3s1358  THO1 D75820
Amel TPOX ressas CSFIPO COfilerm™ 2.0 x 107
A"‘ePssEggmm e
D18S51 -
pr9sass, | THO1 p1g1q  D16SS39 251338 SGM Plus™ 4.5x 108
ﬂ I FGA | | u

PATERNITY TESTING

Family Inheritance of STR Alleles (D13S317)

PCR product size (bp)

12 14
Child #1
8
N 1 Child #2
A A
11 12
Child #3
8 12

n Mother

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

PATERNITY TESTING

Family Inheritance of STR Alleles (D13S317)

PCR product size (bp)

11 14
R JIIL Father
12 14
Child #1
8
N 1 Child #2
.l A
11 12
Child #3
8 12
h n Mother
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Steps in DNA Analysis

Steps in DNA Analysis

Collection

Extraction

Quantitation Combined DNA Index System (CODIS)

Genotyping *Used for linking serial crimes and unsolved cases with
repeat offenders

Interpretation *Convicted offender and forensic case samples
of Results *Launched October 1998
*Requires 13 core STR markers

*Annual Results with NIST SRM required for
submission of data to CODIS

Database
Storage & Searching

January 18, 2006

All 50 states now require convicted offenders
to submit a sample for DNA testing purposes

o L x inatad )

>27,079 Investigationé Aided throygh Auggljst 2_005

!
e Mt A O
P o | Ly AL P
N o SEC
Tbws| ahan " usamy
™ ;u/ﬁ i

As of August 2005 the total profile éomposition of the National
DNA Index System (NDIS) is as follows:

Total number of profiles: 2,695,885
Total Forensic profiles: 117,255
Total Convicted Offender Profiles: 2,578,630

http://www.fbi.gov/hq/lab/codis/clickmap. htm**™

STRBase

Short Tandem Repeat DNA am-«;*
Internet Database

Recent Additions We Regularly Update
*Forensic SNP Information Reference List
(will be official site for ISFG

SNP information) .../SNP.htm UL

*Addresses for Scientists

*NIST publications and ) )
presentations as pdf files AL it QUi WD Sits
.../INISTpub.htm *Y-STR Information

We will continue to add downloadable PowerPoint files

that can be used for training purposes
—?

@ http://www.cstl.nist.gov/biotech/strbase

Outline

*NIST Standard Reference Materials (SRMs)

NIST Standard Reference
Materials (SRMs)

SRM 2390 - DNA Profiling Standard
Meets RFLP Needs

NIST SRMs are used to help calibrate
forensic genotyping laboratories

SRM 2392 - Mitochondrial DNA Standard
Cell Lines and Cloned HV1 Plasmid

SRM 2393 — mtDNA heteroplasmy

SRM 2395 — Y chromosome DNA standards

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

NIST —
SRM 2391: DNA Profiling
Standard for Forensic and
Paternity Testing Laboratories
»  Human identity testing using Polymerase Chain Reaction
{PCR) technologies growing rapidly

* PCRtechniques diverse, req g DNA standards that
perform under various amplification and electrophoretic
methods

* SRM 2391 certified for genetic locus D1S8(; expanding
for other loci as needs evolve

DNA Quality Assurance
recommendations by the
DNA Advisory Board were
signed by the FBI director on
July 15, 1998,

Beginning October 1, 1998, all
Tederally-funded laboratories
that conduct DNA testing
must verify procedures
using NIST SRMs
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NIST Y Chromosome Standard Outline

STANDARD REFERENCE MATERIAL®

2395

Human Y Chromosome
DNA

Components A - F
Store at -20°C

www.nist.gov/srm

NIST
Matanal Insinte of Stamiarh and Techoology

6 genomic DNA samples
5 male and 1 female

Typing Information on 27 Y STRs and 50 Y SNP markers
*Applications

Available as of 07/2003

Butler, J.M. (2005) Forensic DNA

[ P —pe————y Typing, 2" Edition, Box 1.3, p. 9 m
. N 5 . FEDERAL BUREAU OF INVESTIGATIO!
Innocence Project http://lwww.innocenceproject.org August 17, 1998 WASHINGTON, D, C. 20335
| Wit | L | FBI Report on Report of Examination.

Analysis of Stain

. v N o 08/17/98
on Monica e Dtia Analysis 1 foacve: 302-324-440%
Lewinsky’s Blue Fumers.  290-0IC-LR-35063 Lu¥: 980730002 § EQ

260803100 § BO

Dress

Results of Examigations:

Deoxyribonucleic acid (DNA) profilss for the gemetic loci

53844, DLusTs, DIST. DASLID. DIOSAS. DESILO and DT6AET were
from Has1T1 =Y

xiracted Trom specimens K33 and 93203.11a semen stain revoved
fIom apecimen ¢3243). Based on Lhe resulta of these seven
genetic loci, Specimien K39 (CLINTON) ia the source of the DNA
btained from apecimen 03243-1, to 4 reaconable degree of
scientific certainty.

Exonerated

 Kenneth Wyniemke

vroe of nessve 1M March 11, 2005 163 exonerated as

167 ExoNERATED of October 12, 2005
DNA EXONERATIONS BY YEAR IN THE U.S.

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

s Gy, waifin

The Frocencs Prowct ol i Beriaesn B
Heufekd 1 1902, i & g0t legalciei
Ervugh sslcaction O loters . 15

- I||I
‘what linds of cases we hande, plesse {
5
.-.I|||I|I| II

G~ [ 8, 0y 60, 905
e - 7AYo 20, 00
P 3 1ty 000, 200, 609
sent — 941 0, B9 9%

‘8930 '91 '92 '93 '94 '35 '96 '97 'S5 '35 '00 '01 '0Z '03 '04 '05
hitp://www.law.umkc.edu/faculty/projects/ftrials/clinton/lewinskydress.html

Biological Relatives Served as
References

December 14, 2003

13 H ”
We gOt hlm' Captured December 13, 2003
Matching Y-STR
| ) | g
i [a0a 0 09 Haplotype Used to
[ [_H‘°J (13 [19] Confirm Identity

DNA Profile

—p

(along with allele sharing
from autosomal STRs)

R 5
Saddam Hussein’s capture Uday and Qusay Hussein
was verified with DNA testing
conducted in Rockville, MD Is this man really Killed July 22, 2003
at the Armed Forces DNA Sadaam Hussein?
Identification Laboratory
Source: www.cnn.com; The Scientist Dec 19, 2003 Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Box 23.1, p. 534

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 10
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Tomb of the Unknown
Soldier

« 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)

G

* There will be no more
“unknown” soldiers.

Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Box 10.1, pp. 250-251
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World Trade Center Towers
(Sept 11, 2001)

Wreckage at Ground Zero Highly degraded DNA was recovered |

Using Personal Effects to Identify Remains

PCR product size (bp)

|60 |r|$]| LI Inln" |2:[’0 T 50|c.r- T -35]: "4. %
D75820 CSF1PO ]
DNA profile
D5S818  py3s317 D15I'5|||539 Penta D rom
5 T Fl:l &) Flg_il 75 i (belewe‘:iict: "l‘))elo g
i
Wyt w o v
DNA profile from
A- mass disaster
il F | J_ l||| A victim
1] ] IJ_?I =l F&I fis] Bl
il " 1
Personal Effects from victims are collected 4 /
(toothbrushes, hairbrushes, dirty clothes, etc.)

Typing data uploaded to
WTC CODIS database to
search for match

12,13-11,14-9,9-11,13-10,10-9,12...

Bone specimens received ‘
— el

= Bone powder extracted = ey RS

STR profile generated .

New DNA Tests Pioneered at NIST

T T T T T T T T
245 250 255 26 0 95 100 105

D16s53% 0163630

Same result but with

Size reduction smaller region of DNA

—
| increases

Bl success rate El
Z4627] [25437

New test developed to aid in identification of World
Trade Center victims of 9/11/01 terrorist attacks

0

s

T MEDIG, SZ
3 \-“::,,; NORK r,,:’- 4, Ng )
4 % P-4
5 * LS
The
iz b ~ Bﬂde Has resulted in an
"3@ e, T Technology Group, Inc. ~ increase in the
gy, BT Ao Gy number of WTC
7 0 poRsE Springfield, Virginia victims identified

,E'P-j“....*-..- World Trade Center — Phase I Summary

T T T T T T T T T T T T T T T T
m E ] wooowmo oW omo B om  ®m W @ W @ @ W

Profiler Plus — Partial Profile
m m Degradation or Inhibition

I L YAy ) ek
N\

)
0

| o ;
\V \VJ

12,392  Bone samples processed
Over 3,405  Full profiles (13 STR loci)
6800 »2,143 High partial profiles (>7 STR loci)
profiles £ 670\ Low partial profiles (<7 STR loci)

miniSTRs are 4,174

helping here No loci

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Tsunami Survivor “Baby 817
Connected to His Parents with DNA

‘Wednesday, March 2, 2005 Posted: 9:27 AM EST (1427 GMT)

NEW YORK (AP) -- The parents of
the infant tsunami survivor
nicknamed ""Baby 81" say they
found it difficult to feel overjoyed
about their reunion in the midst of
so much tragedy.

The 4-month-old Sri Lankan baby and
his parents, who were reunited after
court-ordered DNA tests proved
their relationship, appeared on
ABC's "Good Morning America"
Wednesday, a day after their 20-hour-
long flight landed in New York.

'‘Baby 81,' parents make TV appearance

http://www.cnn.com/2005/US/03/02/baby.81.ap/index.html
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Hurricane Katrina Victims Will Be Identified

NIST Human Identity Project Team

E Rl
s

| #]

John Butler Mike Coble

{Project Leader) Margaret Kline Pete Vallone

)

Dave Duewer  jan Redman Amy Decker
Anal. Chem. Division
Funding: Interagency Agreement 2003-1J-R-029 between
National Institute of Justice (NIJ) and NIST Office of Law
Enforcement Standards (OLES)

1
Becky Hill Chris DeAngelis

computer programmer

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