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Crime Scene  Exciting real-world connections
Investigator

PCR Basics™
Kit ?

e Tangible results
e Statistical Analysis

e Standards-based
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Environmental and Health Genetics
Science
* Mendelian genetics
* Population genetics ¢ Paolyrmorphic loci and multiple alleles
e Senetic screening o Genetics of noncoding DM A
* Senetic databases * Short tandem repeats (STRs)
* Raole, place, limits of science o Genetic identity
and technology ¢ Structure and function of the hurman
* Privacy of information issues QeEnome
Evolution Cell and Molecular Biology
e Senetic diversity and o Eukarvyotic cell structure and
individual identification aorganization
¢ Allele frequencies in ¢ Tissue types and biological sampling
populations

® Statistics, probabilities, and
the power of discrimination

Chemistry of Life Scientific Inquiry
o DMNA replication and the ¢ Use of PCR and gel electrophoresis
polymerase chain reaction for DMA profiling
(PCR] Use of experimental controls

Interpretation of experimmental results
Use of forensic evidence in the courts
Use of bioinformatics

o Chemical properties of
biological molecules

o DMA structure and function

o Chemistry of electrophoresis
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e The Crime Scene Investigator PCR
Basics™ Kit is intended to be an
introduction to the polymerase chain
reaction (PCR)

e Students will have a much better
appreciation of the kit if they have
some understanding of DNA structure
and function
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Standards Based

Perform real-world DNA profiling

eUse PCR to amplify multiple DNA samples
eUse electrophoresis to visualize results
eComplete in two 45 minute lab sessions

Sufficient materials for 8 student
workstations
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* Introduction to DNA profiling
e Set up PCR reactions
 Electrophorese PCR products

 Analysis and interpretation of results
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DNA profiling is the use of molecular
genetic methods to determine the
exact genotype of a DNA sample in a
way that can basically distinguish one
human being from another

The unique genotype of each sample is
called a
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1. Evidence is collected at the crime
scene:
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2. DNA is extracted from sources at
the crime scene and from victim and
suspects
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3. DNA samples are processed

Sample Obtained from
Crime Scene or

Paternity Investigation Biology
DNA PCR Amplification
Extraction itati of multiple (STR) markers

Technology
Separation and Detection of PCR Sample Genotype
Products > Determination
(STR Alleles)
Genetics
Comparison of Sample Generation of Case Report

Genotype to Other Sample with Probability of Random

Results Match

\ If match occurs, comparison of
DNA profile to population

databases
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4. Crime Scene Investigators search
in areas of the genome that are unique

I where | from individual to individual and are
id“‘:,ggltli‘;eatsocrgne “anonymous” (control no known trait or function)
look for The areas examined are Short Tandem
differences in Repeats or STR’s

DNA profiles?

STR region
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The THO1 locus contains repeats of TCAT.
CCC TCAT TCAT TCAT TCAT TCAT TCAT AAA

This example has 6 TCAT repeats.

There are more than 20 known THO1 alleles.

Each individual inherits 1 allele from each
parent.
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Ms. Smith’s THO1 locus for her two
chromosomes is given below.

What is her genotype?

MOM’S CHROMOSOME

CCC TCAT TCAT TCAT TCAT TCAT TCAT AAA

DAD’S CHROMOSOME

CCC TCAT TCAT TCAT TCAT TCAT TCAT TCAT
TCAT TCAT TCAT TCAT TCAT TCAT TCAT AAA
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Target DNA

I I Starting DNA
| | Template

PCR
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e PCR, or the polymerase chain reaction,
makes copies of a specific piece of
DNA

* PCR allows you to look at one specific
piece of DNA by making copies of
*only* that piece of DNA

e PCRis like looking for a needle in a
haystack, and then making a haystack
out of the needle
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e Suspects are included in an
investigation if their DNA profile
matches with genotypes found at the
crime scene

e Suspects can be excluded if their DNA
profile does not match genotypes
found at the crime scene
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Crime Scene
Investigator

PCR Basics™

eu

At
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Crime Suspects’ samples
Allele scene
ladder DNA A B Cc D

Transfer p Py
crime scene or E

suspect DNA to
200 pl PCR tube K I e

Master mix
and primers

Place PCR tubes

in thermal cycler

and amplify target
DMNA sequence

Add primers
to master mix
containing:

* Nucleotides
+ Reaction buffer
* DNA polymerase

{ Add complete
master mix to

crime scene
and suspect
DNA samples

ALCS A B C D

15 [N —
10| — o -
e 1| — = -
2 5| — =
E

J| = = = —
2| - — -—
1] ==

37 310 2-5 3-T 2-10
Genotype

AL: Allele ladder

CS&: Crime scene DNA
A: Suspect A

B: SuspectB

C: Suspect C

D: Suspect D

Electrophorese PCR samples in agarose gels at 100V for 30 minutes.

Stain with Fast Blast™ DNA stain

Determine genotypes of samples from suspects and crime scene.
Use the “power of discrimination” to verify the likelihood
of a genotype match due to chance

Web-based interactive animated tutorial/bioinformatics




Biotechnology

YATING IENCE &0

=Xxplorer

Laboratory

- - Lesson 1: Setting up the PCR Reactions
Quick Guide s e 8 € 0o
Inciude your group name of Iniials a5 well. F}
Fiace the PCR fubs In & capless tube In fne ‘U U .ﬂ
foam flaat on ice.
PR ibe il

Tula
2. Ueing Te char below as 3 guide, transfer
20 i of the appropriate emplate DA Into
the comrechy labeled luoe. Important: uzaa
tragh asrosol barrier plpet tip for each
DHA sample.
T s e | (e 1Y | Master mis + primens
O + yar Nk 0 i Sisara DA 0 AP ()
0 | Suspect A DHA 0 AP ()
0 | Suspect B OHA 0 AP ()
© % your iniks 20 i Suspeen C DMA 0 AP ()
D # yorer indtiks 0 i Suspeet [ DMA 0 AP ()
3. Transfer 20 gl of the blue MMF Into each of
the 5 PCR tubes cortaining template DA,
Pipat up and down to mix. Cap each fube
after adding ke MM Important: use a
frash asrosod bamrler plpet tip aach time.
Immadiataly cap sach fuba atter adding —
MMP. Master mix +

e

4. Place your capped PCR tubes In thelr adaphors
on lce.

i

‘Whnen instnucted 1o do g0, place your tubes In
the thesmal cycier. Your Instructor wil program
Itfor 2CR.
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1. Find the PCR tubes at your station.
Label them ‘CS’ for Crime Scene DNA,
‘A’ for Suspect A DNA, ‘B’ for Suspect
DNA, ‘C’ for Suspect C DNA, and ‘D’ for
Suspect D DNA.

ﬁ 2. Keeping the tubes on ice, add 20 ul of
Master Mix + blue primers to each
&E tube.
et TT E:I 3. Keeping the tubes on ice, add 20 pl of
e each DNA to the appropriately labeled
tube.

5. Mix and put in thermal cycler

6. Cycle ~3 hours
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The P(_:R  Template (containing the STR you
Reaction want to amplify for the study)

* Sequence-specific primers flanking
the target sequence

Reverse primer

5’ \An — mmammnn i —a
5’ -
! 3’ 5’
] I ]
N NN
3 Forward primer S
A A

Target sequence

* Nucleotides (dATP, dCTP, dGTP, dTTP)

e Magnesium chloride (enzyme
cofactor)

e Buffer, containing salt
o Taq polymerase
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PCR Animation

http://www.bio-rad.com/flash/07-0335/07-0335 PCR.html



http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
http://www.bio-rad.com/flash/07-0335/07-0335_PCR.html
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The PCR Heat ( ) to denature DNA strands
Reaction
Cool ( ) to anneal primers to template
Warm ( ) to activate Taq polymerase,
which extends primers and replicates
DNA

35 cycles
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Primers bind to
the template
sequence

O

Taq polymerase
recognizes 3’ end
of primer +
template strand

Primers anneal at 52°C
5 W —/\N 3’
3! 5!
5 3
» W s

!

Taq extends at 72°C

¥ W S M

i 5’

5’ 3
o O W s
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THO1 Allele

Mother || Father | Child C Child D Child E
alleles Iladder

(14)
(13)
(12)
(11)

(10)
(9)
(8)
(7)
(6)

()
(4)

(3)
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1. Add 10 ul of Orange G Loading Dye to
each PCR tube and mix

2. Set up gel and electrophoresis
equipment

3. Load 20 ul of CSI allele ladder to Lane 1

4. Load 20 ul of your PCR reactions in lanes
2to 6

5. Electrophorese samples
6. Stain gel with Fast Blast DNA Stain

7. Analyze results
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Agarose

Place gel in gel
box

Pour buffer in
box until gel
wells are ) S
covered. \ =
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Agarose

Agarose gel sieves
DNA fragments
according to size
— Small fragments

move farther than
large fragments

Use a 3% gel to
Sseparate small
fragment sizes
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1985
1990
1992

1994

1995

1998

2001

2004

Today

Alec Jeffries develops RFLP
PCR analysis using single locus STR begins
FBI initiates STR work

DNA Identification Act: provides funding for
national DNA database

OJ Simpson trial focuses public attention on DNA
evidence

FBI starts CODIS database; Swissair disaster — all
remains identified using STR DNA profiling

World Trade Center disaster in NYC — many
remains identified using a combination of
DNA profiling approaches

Indian Ocean tsunami; Interpol and other world
agencies use DNA profiling to identify victims

Trace your Genetic Genealogy; commercially
available packages can trace paternal/maternal
ancestry
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GeneTree.com &

Ancestry.com
rovide DNA tests
rom $99-$200 to

trace genealogy

TUESDAY, OCTOBER 23, 2007

i a‘s 4 s AN

San Francisco Chronicle  BS

Sites offer DNA tests, databases
to assist with genealqu research

By Anick Jesdanun
ASSOCIATED PRESS

NEw Yorx — Two services
launching just a week apart tap a
growing interest in DNA testing to
help people find their ancestors
and learn more about their lives.

GeneTree, which opens today,
and Ancestry.com, which started
its DNA Ancestry service last
Tuesday, both sell DNA kits for
less than $200. Users can build on-
line family trees and contact oth-
ers with DNA matches to compare
family histories.

Genealogy Ttesearch has be-
come popular in recent years as
online services improve access to
vast 'databases of immigration,
military and other records from
around the world. According to
the Pew Internet and American
Life Project, a quarter of Internet
users have researched their ances-
tors online.

Lately, many of them have
been turning to DNA testing to
uncover additional clues, ‘said
Dick Eastman, who writes a news-
letter about online genealogy. Al
though DNA won't provide all the
answers, such as names and pre-
cise- dates, he said, it could open
leads.

“Anybody who's got a mystery
is going to do this sooner or later,
and that's a pretty high percentage
of us,” Eastman said.

That’s particularly true of black
Americans, many of whom have
trouble tracing roots beyond the
slavery era, Eastman said. Eastern
Europeans, Jews and certain other
groups also find records fragment-
ed,hesaid.

GeneTree and Ancestry join
services from Family Tree DNA
and others.

James Lee Sorenson. Cene-
Tree s chief executive, said he be-
lieves his site stands out for its ex-
clusive access to records from the
nonprofit
GCenealogy Foundation. The
group has collected DNA samples
from 100,000 individuals world-
wide and conducted ancestry re-
search on them to produce a larg-
er database of 6 million people.

Ancestry, based in Provo, Utah,
is building its DNA database
largely from scratch; company of-
ficials say they are on track to cap-
ture the genetic profiles of 50,000
people within six months.

Both GeneTree and Ancestry
use DNA test kits from Sorenson
Genomics.

GeneTree -sends mouthwash

Sorenson Molecular’

that users swirl in their mouths,
spit into a container and mail back
for $99 or $149, depending on
how much DNA the user wants
analyzed. With Ancestry, users re-
turn a cheek swab. Ancestry offers
a greater variety of tests; the one
comparable to GeneTree’s high-
er-end offering costs $179.
Besides finding matches, DNA
patterns can help asséss the likely
origins of an individual’s’ ances-
tors thousands of years ago, allow-
ing the user to then visually trace
migration backward to the first
humans, widely behcx ed to hail
from Africa. '
Both sites are incorporating el-

ements of social networking, akin
to those at Facebook and My- '

Space.

With. GeneTree, each family
member in the online tree —
whether a user of GeneTree ornot

— gets a personal profile page. Us- |

ers may add photos, video and oth-
er documents to their own pages
or those of relatives, using free
tools from sister company Soren-
son Media.

Ancestry already has some tools
for adding photos and other files
and plans additional features,
such as letting users with the same
last name DNA results.
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DNA sequencing
(MtDNA)

Single Nucleotide
Po'!‘){,morphism testing
(SNPs)

Short Tandem Repeat
testing (STRs)

PATERNAL LINEAGE TEST RESULTS

John Harold Doe

R1b

Your Paternal Lineage test results include your Y-chromosome test profile, or ,and a
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The Power of
Discrimination is the
ability of a test to
distinguish between
different samples
(genotypes)

Power of Discrimination

high

low

RFLP STR
analysis analysis
mtDNA Blood group
typing
slow fast

Speed of Analysis
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Statistics of
Chance:
M&M Locus

6 Possible Alleles:
*Green
*Red
Yellow
Blue
Brown
Orange




Probabilities

e One allele from each parent means 2
copies of genel/locus

1

1
6 36

Frequency of any M&M genotype

X

1
6
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Locus
111 1
Jolly Rancher: M&M —_—X— 5 -
5 alleles 6 alleles 6|6 36
Jolly Rancher lxl = l
5 alleles 515 25
1
Mike & lkes | oy 3
Mike & lkes: 5 alleles 5|5 25
5 alleles
Chance an individual _ 1
has a given genotype  ~ 22 500
1

Chance 2 people have  _
the same genotype ~ 506,250,000



Who can’t we
exclude from
the pool of
suspects?

© 2001 Mars, Incorporated. All Rights Reserved.
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TPOX genotype8-12 D3S1358 genotype 16-17

FGA genotype 21-23
0.050

0.044 x 0.099 x 0.050 = 2.18 x 104
1/2.18 x 104
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TPOX 8-12 0.044
D3S1358 16-17 0.099
FGA 21-23 0.050
VWA 14-14 0.0088

Random Match Probability
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eForensics labs use 13 different loci
with multiple alleles

eAllele frequencies DO NOT follow
mathematical principles - allele
frequencies vary by population.

*These 13 loci allow for
discrimination of any two people in
the world (with the exception of
identical twins), living or dead.

Probability of a random match
when all 13 loci typed: ~1in 3
trillion.
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THO1 Published Allele Frequencies by Population

Allele Caucasians African Latinos
American
n=302 n=258 n=140
5 .002 .004
6 232 124 214
7 190 421 279
8 .084 194 .096
9 114 .151 150
10 .008 .002 .014
11 .002

Butler et al 2003 J Forensic Sci. www.cstl.nist.gov/biotech/strbase/pub_pres/Butler2003a.pdf
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CODIS
CO D
| S 13 CODIS Core STR Loci
o with Chromosomal Positions
TPOX

-
D351358 8 -
- _ )
E E "= THO1 |
m
s

D55818 D8S1179
FGA | D7
\

820
| CSF1PO q = |
1 2 3 @ 7 8 1 12
—
- 5 E E - -
D13s317 W = B = < -
- H D16S539 » D18S51 r D21S11 a AMEL
- ] O™ & ™ - 1 | o

3 16 16 16 17 18 19 20 21 22 X Y

13 loci guarantees high power of
discrimination
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Four different
fluorescent tags
have been used
to identify 7

amplified loci

Allele ladders are
indicated by
arrows

BIORAD
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AL CS A B C D

G) E— I
S 10 AL: Allele ladder
= 7 — — E— CS: Crime Scene
N~ 5 — — — A: Suspect A
S 4 B: Suspect B
& C: Suspect C
0] 3 D: Suspect D

2 E— E— I —

1 I

5-2 -4 5-2 7-2 10-3

genotype






