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Methods for Human Identification

DNA since 1986

• DNA = Deoxyribo-Nucleic Acid
• It is in every cell of our bodies.
• Found in a long strand, like a piece of 

rope.
• Made up of a simple alphabet containing 

four letters: A, T, C, G
The order of these letters is what makes 

everyone different.

Characteristics of DNA
• Each person has a unique DNA profile 

(except identical twins).

• Each person's DNA is the same in every cell.

• An individual’s DNA profile remains the 
same throughout life.

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

Where can you find DNA?

Hair
Bone & Teeth

Blood

Urine

Sperm cells

Muscle & Tissue

Saliva (spit contains cheek cells)

Our DNA Comes from our Parents

Father’s 
Sperm

Mother’s 
Egg

Child’s Cell
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DAD

MOM

CHILD

Inheritance Pattern of DNA Profiles DNA in the News

Charlottesville, Virginia (Fall 1999): DNA from a rape case 
matched to a suspect through a DNA profile database
Charlottesville, Virginia (Fall 1999): DNA from a rape case 
matched to a suspect through a DNA profile database

World Trade Center Towers
(Sept 11, 2001)

DNA typing being used as only 
possible method to identify ~2,800 
victims of this tragedy

Wreckage at Ground Zero

DNA identification efforts are on-going 
with over 1,500 victims now identified

DNA identification efforts are on-going 
with over 1,500 victims now identified

Applications for Human Identity 
Testing

• Crime solving – matching suspect with evidence…
• Accident victims –after airplane crashes…
• Soldiers in war – who is the “unknown” soldier…
• Paternity testing – who is the father…
• Inheritance claims – who gets the money…
• Missing persons investigations – who’s body…
• Convicted felons databases – cold cases solved…

All uses involve accurate measurement of 
DNA profiles and PATTERN MATCHING
All uses involve accurate measurement of 
DNA profiles and PATTERN MATCHING

Armed Forces DNA Repository

Located off Gaither Rd. 
in Gaithersburg, MD

>4.5 million blood cards on 
file from members of U.S. 
military

Being used to identify 
remains in case of combat 
casualties (e.g., Operation 
Iraqi Freedom) 

At NIST, 
we make 

DNA 
standards to 
help crime 

labs analyze 
DNA 

accurately. 
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Historical Perspective - and 
Molecular Biology Jargon

• 1980 - Ray White describes first polymorphic 
RFLP marker

• 1985 - Alec Jeffreys discovers multilocus 
VNTR probes

• 1985 - first paper on PCR
• 1988 - FBI starts DNA casework
• 1991 - first STR paper
• 1995 - FSS starts UK DNA database
• 1998 - FBI launches CODIS database

What are the Tools of DNA Typing?

• RFLP Testing (Late 1980’s)
– Radioactive Based
– Chemiluminescent Based

• PCR-Based Testing (Mid 1990’s)
– Dot-Blot
– VNTR
– STR (Fluorescent markers used today)

• DNA Sequencing (Late 1990’s)
– Mitochondrial DNA

Restriction Enzyme Cut Sites
Electrophoresis of DNA Fragments

Transfer of DNA Fragments to a Nylon 
Membrane - “Southern Blotting”

Probing of Membrane with 
Radioactive or Labeled DNA Probes
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Exposure of Labeled Membrane 
to Autoradiographic Film

Repeated Probing of Same Membrane 
to Yield a Series of Autoradiograms

Which Suspect, 

A or B, cannot

be excluded from

potential  perpetrators

of this assault?

1985: Jeffreys’
multi-locus RFLP

Restriction Fragment 
Length Polymorphism

Introduced in the U.K. in by the 
Forensic Science Service (FSS)

Used the HinfI restriction Enzyme

1990 Single 
Locus RFLP

FBI promotes single
locus RFLP using Hae III 
restriction enzyme, in US, 
many laboratories have 
slight variations. 
Worldwide sharing of 
RFLP data not possible.

1992: SRM 2390 DNA Profiling 
Standard
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Box A
Molecular Weight Marker DNA

Molecular Weight Marker Dilution
Molecular Weight Marker Probe

DNA  Klenow Fragment
(For labeling Marker Probe)

Stop Solution
Adenovirus Visible Ladder

10X Buffer
Box C

K562 Cell Pellet
K562 Undigested DNA

K562 DNA HaeIII Digested
TAW Male Cell Pellet

TAW Male Undigested DNA
TAW Male DNA, HaeIII Digested

Agarose 
low electroendosmosis

Box B
250 ng DNA standard
100 ng DNA standard
50 ng DNA standard
25 ng DNA standard

12.5 ng DNA standard
6 ng DNA standard

For evaluating  extracted DNA 
on a Yield Gel

1992: SRM 2390 DNA Profiling 
Standard

1992: SRM 2390 DNA Profiling 
Standard

Each step of the RFLP process
could be checked with these components.  At the 
time of release, 32P labeling was the most common 
practice.
The certificate contained quantitative allele band 
sizes with uncertainy expressed as a 95% tolerance.
In 2001 the 2390 certificate was updated to include 
Chemiluminescent practices

RFLP Drawbacks:
• Requires 100 ng to 1 µg of 

DNA (stain the size of a dime)
• The DNA must be relatively 

intact 1000-20,000 bp in size 
(not always possible to obtain)

• 32P visualization requires 3 – 7 
days @ – 80 ºC 

• 5 – 7 probes required for 
matching 

• Time required weeks to months
Technology 

moves forward

Blood sample

Dime

Only a very 
small amount of 
blood is needed 

to obtain a 
persons DNA 

profile

Progression of DNA Typing 
Markers

• RFLP
– multilocus VNTR probes
– single locus VNTR probes (32P and 

chemiluminescence)
• PCR

– D1S80 (AMP-FLPs)
– DQ-alpha (reverse dot blot)
– PolyMarker (6 plex PCR; dots for SNPs)
– singleplex STRs with silver staining
– multiplex STRs with fluorescent dyes

DNA in the Cell

DNA Region ExaminedDNA Region Examined

chromosome

cell nucleus

Double stranded 
DNA molecule

Individual 
nucleotides
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CTAGTCGT(GATA)(GATA)(GATA)GCGATCGT

•Length Variation
short tandem repeats (STRs)

How is DNA Analyzed?

7 repeats

8 repeats

Suspect A

Suspect B

GATA

124 3

56789

124 3

56789

AATG repeat unitAATG repeat unit

170 bp170 bp195 bp195 bp

In 32 cycles at 100% efficiency, 1.07 billion 
copies of targeted DNA region are created

In 32 cycles at 100% efficiency, 1.07 billion 
copies of targeted DNA region are created

PCR Copies DNA Exponentially 
through Multiple Thermal Cycles

Original DNA target region

Thermal cycleThermal cycleThermal cycle

How is DNA Analyzed?

Extraction

Data Analysis

Genetic Separation of Alleles

PCR Amplification

Comparison

Review

Inlet 
(cathode)

Outlet 
(anode)

Capillary Electrophoresis 
(CE)

Argon Ion 
Laser

Fill with Polymer 
Solution

Fill with Polymer 
Solution

50-100 µm x 27 cm50-100 µm x 27 cm

5-20 kV5-20 kV

- +Burn capillary 
window

Data Acquisition and AnalysisData Acquisition and Analysis

DNA Separation occurs in 
minutes...

DNA Separation occurs in 
minutes...

ABI 3100          
16-capillary array

ABI 310       
single capillary

Capillary Electrophoresis Instrumentation
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1995: SRM 2391 PCR-based DNA 
Profiling Standard

Size & D1S80Allelic Ladders

Amplified 
D1S80 products Genomic DNA extracts

Cell lines on 903 paper

Sample Obtained from 
Crime Scene or Paternity 

Investigation

DNA
Extraction

DNA
Extraction

DNA
Quantitation

DNA
Quantitation

PCR Amplification
of Multiple STR markers

PCR Amplification
of Multiple STR markers

Biology

Separation and Detection of 
PCR Products
(STR Alleles)

Technology
Sample Genotype 

Determination

Genetics
Comparison of Sample 

Genotype to Other 
Sample Results

If match occurs, comparison 
of DNA profile to population 

databases

Generation of Case 
Report with Probability 

of Random Match

Steps in Sample Processing

NIST SRM 2391a Certificate of Analysis
1995: SRM 2391 PCR-based 

DNA Profiling Standard
D1S80 Locus

Variable Number
Tandem Repeat

(VNTR)
Molecular Weight Marker

Consensus Allelic Ladder

6  - Pre-amplified DNA’s
10 - Genome DNA Extracts
2  - Cell Line cells spotted on

903 paper for extraction

800 bp

400 bp

DQ alpha & Polymarker Reverse 
Dot Blot Hybridization

Silver 
stained gels 

for STR 
monoplexes
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CODIS DNA Database

Combined DNA Index System
• Launched in October 1998
• Used for linking serial crimes and unsolved cases 

with repeat offenders
• Convicted offender and forensic case samples
• As of March 2004: 1,692,004 DNA profiles
• Requires 13 core STR markers
• Some states moving to all felons and even arrestees

FBI requires labs putting samples into the 

CODIS database to run the NIST DNA standard

As of April 2003 the total profile composition of the 
National DNA Index System (NDIS) is as follows:

Total number of profiles: 1,376,749
Total Forensic profiles: 54,895
Total Convicted Offender Profiles: 1,321,854

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

7,788 Investigations Aided through April 2003

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

1998: FBI QA Standards for 
Forensic DNA Testing 

Laboratories
Federal Bureau of Investigation (FBI) 
Standard 9.5 “The laboratory shall check 
its DNA procedures annually or 
whenever substantial changes are made 
to the protocol(s) against an appropriate 
and available NIST Standard Reference 
Material or standard traceable to a NIST 
standard.”

1998: SRM 2391 Certificate 
Update

In November of 1997 the FBI’s STR working 
group selected 13 Core STR Loci for the 
CODIS National Database.

The update for SRM 2391 had 17 loci

2000: SRM 2391a
• The renewal of 2391, STR’s loci are the 
forensic DNA focus
• 21- STR loci are included in the certificate.
• D1S80 amplified products are no longer 
supplied
• Fluorescent labeling of the PCR products 
enables new analysis technologies and 
multiplexing

amelogenin

D19

D3

D8

TH01

VWA D21
FGA

D16
D18 D2

amelogenin
D19

D3 D8 TH01
VWA D21

FGA

D16
D18 D2

Tw
o 
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DNA Size (base pairs)

Results obtained in less 
than 5 hours with a spot of 
blood the size of a pinhead

probability of a random 
match: ~1 in 3 trillion

Human Identity Testing with Multiplex 
STRs

Simultaneous Analysis of 10 STRs and Gender ID

AmpFlSTR® SGM Plus™ kit
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2003: SRM 2391b
•22 STR Loci,
•D1S80, and DQa1/PM
•Many labs using 16-plexes 
•0.5 – 1 ng DNA

The Role of NIST Scientists

• Develop DNA standards so that laboratories 
around the world may compare their results.

• Conduct tests of laboratories around the world to 
insure accurate results in DNA testing.

• Develop new DNA tests which are more rapid and 
efficient than those currently used.

New DNA Test for Cats
(the “MeowPlex”)

male

female
Different peak patterns between samples

Telling Cats Apart…

Using Cat DNA Evidence 
to Catch the Crook

In 1997, a man from Canada was put in 
prison because hairs from his cat 
matched those found on evidence at a 
crime scene…

Using Personal Effects to Identify Remains 

D5S818 D13S317
D7S820

D16S539
CSF1PO

Penta D

PCR product size (bp)

DNA profile from 
mass disaster 

victim

DNA profile 
from 

toothbrush
(believed to belong 

to victim)

Personal Effects from victims are collected (toothbrushes, hairbrushes, 
dirty clothes, etc.)
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STR Alleles from D13S317

Father

Child #1

Child #2

Child #3

Mother

PCR product size (bp)

11 14

11

12 14

8 14

12

128

Using Family Members to Identify Remains 

Victim’s Profile? 11,1411,14

V

Biological Relatives
are asked to donate 

DNA samples

D19

AMEL

D3

D8 VWA
TH01

D21
FGA D16 D18

D2

D19
AMEL D3

D8 VWA
TH01

D21

FGA

D16

D18 D2

“Degraded DNA”              
(falls apart with high temperatures)

“Preserved DNA”

DNA Breaks into Small Pieces as it Degrades

Results with SGM Plus STR kit (Applied Biosystems)

“Decay curve” of 
degraded DNA

Data from a study done at NIST in May 2001

Development of miniSTRs
to Aid Testing of Degraded DNA

Same Result Obtained but with smaller sized DNA (greater chance for success)

Using DNA to Solve a Case
• A spit ball was shot from the back of the 

classroom and hit the teacher in the eye
• It could have come from any one of five

different students
• DNA was obtained from the saliva on the 

spit ball and used to produce a DNA profile
• Each of the 5 students (“suspects”) were 

asked to give blood in order to obtain a 
DNA profile for comparison purposes to the 
spit ball (“crime scene evidence”)

The evidence

The “Victim”

Who shot 
me with a 

spitball!!!!!
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Close up of Evidence

Spit

Ball DNA Lineup of the “Suspects”

DNA Profiles from a Single Region

“Crime Scene” 
Evidence

DNA from the SPIT BALL

B

E

C
D

A

DNA Profiles from Multiple Regions

“Crime Scene” 
Evidence

“Suspects”

B
E

C
D

A

Conclusion of Case
• Student B was brought to justice and was asked 

to clean the teacher’s glasses (& apologize)

I’m 
sorry…

What if the measurement of the DNA profile 
had not been performed correctly?

Crime Scene

Suspect

Failure to match the Perpetrator 
could result in the guilty going free…

Correct Measurements Helps Identify 
the Guilty and Free the Innocent

I didn’t 
do it!!!
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http://www.cstl.nist.gov/biotech/strbase/

FORENSIC DNA TYPING
Biology and Technology 
behind STR Markers

John M. Butler

Published January 2001

http://www.apnet.com/aps/forensics/for_bio.html

Listed on amazon.com

Thank you for your Attention!!
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