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Overview
• Forensic DNA in the media – perceptions 

and reality
• The power and limitations of nuclear 

(STR) DNA testing
• Offender DNA Databasing
• Missing/Unidentified Persons

• Kinship
• Mitochondrial DNA

• Familial DNA Searching
• Ethical Issues





DNA in the News:  Gun 
Possession Proven

October 22, 2009 - music-mix.ew.com



DNA in the News:  the Innocent 
Released

October 26, 2009 - www.cbsnews.com



DNA in the News:  From Strange 
Sources

October 20, 2009 - www.themercury.com.au



DNA in the News:  The CSI 
Effect?

October 27, 2009 - www.dailymail.co.uk

12 year-old  Leon Yates



DNA in the News:  Controversy

October 22, 2009 - www.sfgate.com



What is a Forensic Scientist?



Typical day in the lab…



DNA
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Forensic DNA
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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



Short Tandem Repeats (STRs)

the repeat region is variable between samples while the 
flanking regions where PCR primers bind are constant

7 repeats

8 repeats

AATG

Homozygote = both alleles are the same length

Heterozygote = alleles differ and can be resolved from one another



Multiplex PCR
• Up to 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



310/377/3100 Electrophoresis



A Sample STR DNA Profile:



The “Power” of STR typing

• Statistical frequency 

• Amplification from as little as a few cells

• Large databases for comparison



How “rare” is a DNA profile?

• 15 STRmarkers (loci) in one amplification 
reaction

• Each locus is INDEPENDENT of all others
• Therefore, the overall frequency for a 15-locus 

profile is the product of the frequencies of each 
individual locus

• 15 dice – what is the chance of rolling 15 sixes?
• 2.1 x 10-12 or 1 in 4.7x 1011



A Sample STR DNA Report:
• STRs (autosomal) 

have a high power of 
discrimination.   This 
profile is estimated to 
occur at random, 
among unrelated 
individuals, in 
approximately 1 in 
9.3 quintillion 
(Caucasian) people .



Types of DNA
Nuclear
• 2 copies/cell
• inherited from both 

parents
• unique to individual

Mitochondrial
• >1000 copies/cell
• maternally inherited
• not unique to individual

X
X
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Human Mitochondrial DNA
Features of Mitochondrial DNA

• circular genome

• 1000’s of copies per cell

• maternally inherited

• small genome: ~16,500 bp

• ~10% non-coding region

• maternally related   
individuals share mtDNA type

Useful for analysis of samples 
not amenable to nuclear analysis

Cassandra Calloway

�



Organization of mtDNA

Control  region

mtDNA

HV1
(hypervariable region 1)

HV2
(hypervariable region 2)

16,569 base pairs



Advantages of mtDNA

• High copy number
limited sample
hair, teeth, bones 

• Less prone to degradation
structure, location

• Highly variable between individuals 
• Maternal inheritance

maternal relatives source of known 
sample in missing persons cases



Steps in mtDNA analysis
1. Extraction

-removal of DNA from sample 
X

X

cell DNA



Steps in mtDNA analysis
2. Amplification (Polymerase Chain Reaction)

-make many copies of specific regions of DNA

1st 

set of 
copies

3rd 

set of 
copies

2nd 

set of 
copies

> 30 
sets of 
copies



Steps in mtDNA analysis

3. Sequencing
-determine order of bases

4. Sequence Comparison

Case #1 Case #2

Questioned GCATATTGCGCCTA GCATATTGCGCCTA
Known GCACATTACGTCTA GCATATTGCGCCTA

EXCLUSION CANNOT EXCLUDE



mtDNA Sequencing



Historic Identifications

• Tsar Nicholas II (FSS, AFDIL, RAS)

• Anna Anderson Manahan - not Anastasia

• Jesse James (Melton/Stoneking)

• Vietnam Unknown Soldier (AFDIL)



Limits of DNA Testing

• DNA identifies donor - not necessarily the 
perpetrator

• DNA does not tell us when evidence was 
deposited at crime scene--only that it is there

• DNA does not tell us how evidence got there 

• DNA does not tell us who else might have 
been present when DNA was deposited at 
scene



DNA from Twin - RS



DNA from Twin - TS



California Department of 
Justice

Jan Bashinski DNA Laboratory



BFS DNA Lab Programs

• Criminal Casework
• Convicted Felon DNA Data Bank
• COLD HIT Program
• Method Development and Training
• Post Conviction Testing
• Missing Persons DNA Program
• Mass Disasters
• Human Rights Violations



Convicted Offender 
DNA Data Bank

• Proposition 69 has greatly 
expanded pool of offenders 

• At ~1,900,000 qualifying 
profiles – CA largest State 
Database

• Nationally, “CODIS” has 

> 10 million offender profiles, 
>400,000 crime scene profiles

• Familial searching



CODIS:

• Combined DNA Index System
• Local, State and National databases tied together
• Various indices: 

convicted offender, forensic unknown, unidentified remains, 
family references…



NDIS (180)

Oakland PD Fresno DOJ LASD

Levels of CODIS

SDIS

LDIS              
22 in CA, i.e. :



Proposition 69

• Passed by the California voters in the 
November 2004 election, effective 11/3/04

• Changed the primary DNA collection 
method to buccal samples

• Prior to Prop 69, the Databank had received 
a total of 343,000 samples since its inception 
in 1989.

• Over 1.5 million buccal samples collected 
since Proposition 69 passed. 



The life of a sample at the 
DOJ Databank



Kit Breakdown



Kit Breakdown cont. 



Kit Breakdown cont. 


