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» Major role in the development of the forensic DNA database by analyzing about 26,000
samples. DNA database is extremely important in a situation where prior suspicion of the
offender’s involvement in the crime is not available. Cold hits are often useful in identifying
offenders in cases without an eyewitness or suspect and can match DNA from a number of
crime scenes, linking multiple crimes to a single perpetrator. These CODIS matches are leading
to arrests and convictions, making the country safer and better place to live.
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Forensic science is a means to unravel the story.

Eyewitnesses, victims and even suspects can forget or
can change their stories. The physical evidence never
forgets and cannot change. It is the forensic scientist’s
job to use, analyze and interpret the physical evidence.
They are objective and advocates for the evidence.
The criminal investigation may start at the crime scene
and end in a courtroom, but an essential part of the
process is the forensic laboratory.




Butler, J.M. (2001) Forensic DNA Typing,
©Academic Press

Fingerprints have been used since 1901 DNA since 1986

Human ldentity Testing o Faveme
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» 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




Purpose of DNA Typinq

» Fact that each individual’s DNA is unique (with the
exception of identical twins).

» Approximately 99.5% of the DNA code is the same for all
people.

> Other 0.5% that is of interest to the forensic scientists.

e Inclusion
* Exclugjon EavemeviLE
 Inconclusive STATEUNIVERSITY

Types of cases involving
biological fluids:

Rapes, homicides,
child molestation,
sodomy, aggravated
assaults, hit & run,
burglaries, robberies,

kidnappings.
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Biological Screening - typical
types of evidence:

Hospital samples
Clothing

Bedding
Weapons

Hair

Cigarette butts
Envelopes/stamps
Drinking cups
Chewing gum

©CoNOUAWNE
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Forensic Biology . mvme
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» Screening

» DNA Profiling




Forensic Biological Screening

The use of scientific methods to
locate and identify body fluid
stains on items of evidence in

criminal cases.
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Sources of Biological Evidence

> Blood ‘ ) T

» Semen f .

» Saliva e (] 3

» Urine ( [ § ‘

| 9 L)}

> Body tissue {

> Teeth

» Bone | d )

» FN Scrapings Blood stain

» Skin cells Only a very small

» Hair amount of blood
is needed to
obtain a DNA

profile




Forensic DNA Analysis

The use of scientific methods
to decipher and identify
deoxyribonucleic acid
(DNA - the human genetic code)
from bodily fluid stains in
criminal cases.
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Historical Perspective on DNA Typing

2006:
DNA is an important part of
the criminal justice system

www.dna.gov
Justice for All Act 2006
($1B over 5 years)
Identifiler 5-dye kit
and ABI 3100

UK National 2002
Database launched  copis loci
(April 10, 1995) defined

Gill et al. (1985) Forensic
application of DNA ‘fingerprints'. Py "“\1998
Nature 318:577-9  FSS Y

2004 v s7Rs

PowerPlex® 16
(16 loci in single amp)

2000
STR typing with

adruplexd. < CE is fairly routine
Q p // ‘S '
S »71994 19%6) First commercial
- fluorescent STR mMtDNA
developch '(\ P ' ol multiplexes
~1990 -

e 1992; /Capillary electrophoresis

- \/’ of STRs first described
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%1985, - fcr developed  DQAL & PM .
N RELP (dot blot) Multiplex STRs
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Types of STR Repeat Units

FaemeviiLe

~45%
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Requires size based DNA separation to
resolve different alleles from one another

High stutter o Dinucleotide (CA)(CA)(CA)(CA)
e Trinucleotide  (GCC)(GCC)(GCC)
» Tetranucleotide (AATG)AATG)AATG)
- | id (AGAAA)(AGAAA)
e Pentanucleotide (AGTACA)(AGTACA)
Lowstutter o Hexanucleotide
DYS448
Short tandem repeat (STR) = microsatellite
<2% = simple sequence repeat (SSR)
Categories for STR Markers s,
Category Example Repeat 13 CODIS Loci
Structure
Simple repeats — contain (GATA)(GATA)(GATA) TPOX, CSF1PO,

units of identical length and
sequence

D5S818, D13S317,
D16S539

Simple repeats with non-
consensus alleles

(e.g., THO01 9.3)

(GATA)(GAT-)(GATA)

THO1, D18S51, D7S820

Compound repeats —
comprise two or more
adjacent simple repeats

(GATA)(GATA)(GACA)

VWA, FGA, D3S1358,
D8S1179

Complex repeats — contain
several repeat blocks of
variable unit length

(GATA)(GACA)(CA)(CATA)

D21S11

These categories were first described by Urquhart et al. (1994) Int. J. Legal Med. 107:13-20




Advantages for STR Markers

» Over 16 Markers Can Be
Copied at Once

» Sensitivities to levels less
than 1 ng of DNA

* Ability to Handle Mixtures
and Degraded Samples

» Different Fluorescent Dyes
Used to Distinguish STR
Alleles with Overlapping
Size Ranges

. FayFITRvILLE
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Companies Supply Allelic Ladders in STR Kits to Aid
Interlaboratory Consistency
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STR (Short Tandem Repeat) Testing

» AmMpPFLSTR® Profiler Plus® - PCR-based test that amplifies nine
tetranucleotide STR loci and the Amelogenin locus. The STR loci
amplified are as follows: D3S1358, D5S818, D75820, D8S1179, D13S317,
D18S51, D21S11, FGA, and VWA. (2.4 x 1011) .

FavETEVILLE
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» AmMpFLSTR® COfiler® - PCR-based test when combined with Profiler
Plus has the ability to generate information for all 13 core STR loci
required by the CODIS database. The COfiler kit amplifies the four
remaining STR loci (CSF1P0, D16S539, THO1, and TPOX) as well as two
STR loci D3S1358 and D7S820 and Amelogenin, also found in the Profiler
Plus kit. (2.0 x 107) -

» PowerPlex® 16 BIO System — PCR-based test that amplifies the thirteen
CODIS loci and the Amelogenin locus plus Penta E and Penta D.

» AmMpFLSTR® ldentifiler® - PCR-based test that amplifies 15 STR loci
plus the Amelogenin gender-determining marker. Amplifies the thirteen
CODIS loci plus D2S1338 and D19S433. (7.2 x 1019) .

Random Match Probability with Author’s Profile*

DNA Profiling
DNA in the Cell

chromosome
y—
o
cell nucleus _ PR -w«;-}-'
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Double stranded

DNA molec;l;i; Target Region for PCR |
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DNA Use in Forensic Cases o
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» Most are rape cases (2 out of 3)

» Looking for match between evidence
and suspect

» Must compare victim’s DNA profile

Challenges

»Mixtures must be resolved

»DNA is often degraded

»Inhibitors to PCR are often present

Steps in DNA Analysis

Slot Blot

E
E

Specimen Storage

Collection ]
)

Blood Stain  Buccal swab

|
[
|
[
[

1ng
0.3ng
No DNA
0.5ng
0.5ng
0.7ng
1ng
1ing

Extraction } Sample Collection DNA DNA
& Storage Extraction Quantitation

Quantitation } v 4 GA
Genotyping } Multiplex PCR Amplification
Interpretation}

of Results STR TYPING

Database Male: 13,14-15,16-12,13-10,13-15,16
Storage & Searching DNA Database

Interpretation of Results
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DNA Amplification with the
Polymerase Chain Reaction (PCR) st

5§ 3”
S JTTTTTTTIT .
IIIIIIIIII Starting DNA
Template
3._I_I_I_I_I_I_I_I_I_I_5,
3

5

Separate
strands
(denature)
Forward primer
57 37 57 o
Make copies I I I I I I I I I |
J,J I I I I I I I I _ (extend primerS)—I—I—I—I—I—I—I—I-s, 5
° Add primers )
(anneal) Reverse primer

PCR Copies DNA Exponentially
through Multiple Thermal Cycles sty

R R

R T T

Original DNA target region
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Thermal cycle
bl L L L) -l L Ll LIl
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In 32 cycles at 100% efficiency, 1.07 billion
copies of targeted DNA region are created
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Capillary Electrophoresis Instrumentation

ABI 310 ABI 3100
single capillary

16-capillary array

FaveTEviLLE
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Two different individuals

o By
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Human ldentity Testing with Multiplex

STRS AmpFISTR® SGM Plus™ kit
I1 uli] I1 25 I1 =) I1 75 IEEIEI :?25 IEEI:I IE?E 200 ISEE

DNA Size (base pairs)
3 THO1
D19 VWA 16
I |
probability of a random
match: ~1 in 3 trillion

D3

D19

] el

Simultaneous Analysis of 10 STRs and Gender ID

Butler,J.M.(2001) Forensic DNA Typing, ©Academic

Press
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Mixtures: Issues and Challenges
FAayETTEVILLE

From J.M. Butler (2005) Forensic DNA Typing, 2" Edition, p. 154  Siaft [ Juivirsimy

* Mixtures arise when two or more
individuals contribute to the sample being
tested.

» Mixtures can be challenging to detect and
interpret without extensive experience and
careful training.

« Differential extraction can help distinguish
male and female components of many
sexual assault mixtures.

Mixtures: Issues and Challenges

AYETTEVILLE
From J.M. Butler (2005) Forensic DNA Typing, 24 Edition, p. 155 SWEUN]\’LRSITY

* The probability that a mixture will be detected improves
with the use of more loci and genetic markers that have
a high incidence of heterozygotes.

» The detectability of multiple DNA sources in a single
sample relates to the ratio of DNA present from each
source, the specific combinations of genotypes, and the
total amount of DNA amplified.

* Some mixtures will not be as easily detectable as other

mixtures.
[ 0351358 | [ THo1 | O135HT ] D655 | 0251338 |
hH0Scazel_evidence fza 3 Green MIKDS_3 Mixture?
) . .
Mixture Mixture: Mixture Mixture 8000
4000
2000
J\ J\ JIL I i
‘ ‘ i ‘
[15] [2] [11]
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Steps in the Step #1 Identify the Presence of a Mixture

interpretation
of mixtures v

(Clayton et al. Step #2 Designate Allele Peaks

Forensic Sci. Int.
1998; 91:55-70)

Step #3 Identify the Number of Potential

Contributors
Step #4 Estimate the Relative Ratio of the

Individuals Contributing to the Mixture

Step #5 Consider All Possible Genotype
Combinations

l

B ot Step #6 Compare Reference Samples
STATE [ JNIVERSITY

Figure 7.4, J.M. Butler (2005) Forensic DNA Typing, 2"¢ Edition © 2005 Elsevier Academic Press

Step #1: Is a Mixture Present
In an Evidentiary Sample?

« Examine the number of peaks present in a
locus

— More than 2 peaks at a locus (except for tri-
allelic patterns at perhaps one of the loci
examined)

» Examine relative peak heights
— Heterozygote peak imbalance <60%
— Peak at stutter position >15%

« Consider all loci tested

FayemeviiLe
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Compare Reference Samples

* If there is a suspect, a laboratory must ultimately
decide to include or exclude him...

* If no suspect is available for comparison, does
your laboratory still work the case? (Isn't this a
primary purpose of the national DNA database?)

* Victim samples can be helpful to eliminate their
allele contributions to intimate evidentiary
samples and thus help deduce the perpetrator

FayemeviiLe
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The ISsueS FAYETTEVILLE
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1. Although the PCR is rapid and efficient, sample loads
keep increasing.

2. Soon all sexual offenders (and other felons) will be
required to submit a sample for testing. Current
estimated backlog is 540,000 samples.

3. The number of untested rape kits nationwide is
estimated to be 180,000 to 500,000.

4. What technique could be used to automate the analysis

of so many samples?

17



Natlonal DNA Index System (NDIS)

{'i'&

CODIS

COMBIMNED DMNA INDEX SYSTEM

\' B s]é? I RY http:/Awww fbi.gov/hg/lab/codisfindex1.htm
Combined DNA Index System (CODI

S
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

ETTEVILLE

* Requires 13 core STR markers S

Importance of DNA Database:

»Majority of crimes are committed by repeat
offenders.

»To locate suspects in violent crime cases that
would otherwise never have been solved.

>»Data banks make associations between
groups of unsolved cases.

FavemreviL
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Combined DNA Index System
(CODIS)

EAvETTEVILLE
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National NDIS
Level (FBI Laboratory)

State |State Bureau of Investigation
Level (Raleigh, North Carolina)

Local |Charlotte-Mecklenburg Police
Level (Crime Laboratory)

DNA profile for database search:
15-17,16-17,18-21,12-14,14-28,30-14,16-12,13-11,
14-9,9-11,13-6,6-8,8-10 and XY

North Carolina  sfij.
_.__ﬁ;}'/ .

Statistical
Information

Offender Profiles 70,613

Forensic

Samples 223

Number of
CODIS Labs

NDIS
Participating 2
Labs

2

Investigations 437
Aided

19



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

As of August 2006, CODIS has produced DC/FBI
over 36,700 hits assisting in more than
38,200 investigations.
f e s,
)
As of March 2006 the profile composition of the National DNA Index
System (NDIS) is as follows:

{‘-’
MS | AL } GA US Army

Total number of profiles: 3,676,971

Total Forensic profiles: 148,068

Total Convicted Offender Profiles: 3,528,903 St v
‘_ AK

74

q, &*

http://www.fbi.gov/hg/lab/codis/clickmap.htm

Position of Forensic STR Markers
on Human Chromosomes '

4 13CODIS Core STR Loci
= ,
FD381358
%831';'179 THoi 1997
D5S818 .

Fea M| D7S820

Core STR Loci for the United States

E & Sex-typing
D13S317 E - E = S E - *
D16S539 4 D18S51 D21S11
O = 58 =
17 19 20 é 22 X Y

-
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-
o
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wmu INternational DNA Database @Uatiss)
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e The first national DNA data bank and so far the
most effective were created in the United
Kingdom in 1995. In less than five years, more
than 500,000 DNA profiles have been entered
into database, which has aided more then
50,000 criminal investigations.

e As of August 2006, CODIS has produced over
36,700 hits assisting in more than 38,200
investigations.

e This is a time to expand this CODIS system at
to travel across borders. It is important for us
to take full advantage for information
technology to Ilink and share information
globally for our security.

International DNA Database

Before issuing visa for visitors wanting

to visit foreign country

1. DNA samples should be taken and shipped to
visiting country for DNA typing.

2. Visa would not be issued until DNA profile was
generated and searched against a
national/international database.

3. DNA profile would be included in biometric
passport for future confirmation of identity.

. PaYETTEVILLE
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Value of Y-Chromosome Markers

J.M. Butler (2005) Forensic DNA Typing, 2" Edition; Table 9.1 §; Favemrevit

Application Advantage

Forensic casework on ~ Male-specific amplification (can avoid differential
sexual assault evidence extraction to separate sperm and epithelial cells)

Paternity testing Male children can be tied to fathers in motherless
paternity cases

Missing persons Patrilineal male relatives may be used for
investigations reference samples

Human migration and Lack of recombination enables comparison of male
evolutionary studies individuals separated by large periods of time

Historical and Surnames usually retained by males; can make links
genealogical research  where paper trail is limited

ATE [ JNIV BTy

Mitochondrial DNA (mtDNA)
Inside a Cell

Faemevis
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Comparison of Nuclear and Mitochondrial DNA

FORENSIC SCIENCE
COMMUMNICATIONS
July 1999 Volume 1 Mumber 2

Mitochondrial DNA Analysis

Advantages of mtDNA testing:

at the FBI Laboratory
Higher copy number per cell
Figure 1 Results with highly degraded DNA
Types of DNA Results with limited sample (hair shaft)

Nuclear
® 2 copies/cell
& inherited from both

parents Disadvantages of mtDNA testing:
® unigue to individual
A Low power of discrimination
¥ Mitochondrial Labor intensive
@ >1000 copies/cell Expensive

@ maternally inherited
@ not unique to individual

Nuclear DMA has a smaller number of copies per cell than mitochondrial DMNA
and is inherited from both parents. Mitochondrial DMNA is maternally inherited

without recombination and, thus, is not unigque to an individual. . Favemrew

http://www.fbi.gov/hg/lab/fsc/backissu/july1999/dnafl.htm
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Role of Y-STRs and mtDNA

Compared to Autosomal STRs st

* Autosomal STRs provide a higher power of
discrimination and are the preferred
method whenever possible

* Due to capabilities for male-specific
amplification, Y-chromosome STRs (Y-STRS)
can be useful in extreme female-male mixtures
(e.g., when differential extraction is not
possible such as fingernail scrapings)

e Due to high copy number, mitochondrial
DNA (mtDNA) may be the only source of
surviving DNA in highly degraded specimens
or low quantity samples such as hair shafts
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Training and Continuing Education
for Law Enforcement Agencies

JUDICAL

LAW ENFORCEMENT

e 5. = A1
FARY /418 2 b
bvemmvLE -Judges

STATE [ NVERSTY PrOSeCULOrS
CRIME LABORATORY | Defense attorneys

“ *Police officers
eForensic Scientists

i National Commission on the w@
o Future of DNA Evidence e

*Report published in Nov 2000

*Asked to estimate where DNA
testing would be 2, 5, and 10 years

into the future

“ fedictions of the
Research and

De\fe[oprnent COﬂClUSiOI’]S
forking Group . .

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
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Dr. Ronald Johnston
Tel: 910-672-1692

Email:rjohnston@uncfsu.edu TATE [ NIVERS Email:klodhi@uncfsu.edu

Special Thank You note for Dr. John M. Butler for allowing me use his material
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