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[T . -
National Commission on the __f$y
: &
Future of DNA Evidence = "=
a
*Report published in Nov 2000
*Asked to estimate where DNA
H testing would be 2, 5, and 10 years
|ntr0dUCt|0n e into the future
&= Conclusions
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
Human Identity Testing Basis of DNA Profiling
* Fo_renSiC cases -- matching suspect with The genome of each individual is unique (with the
evidence exception of identical twins) and is inherited from parents

+ Paternity testing -- identifying father
. . . . Probe subsets of genetic variation in order to differentiate
Mass disasters -- putting pieces back together between individuals (statistical probabilities of a random

 Historical investigations match are used)
+ Missing persons investigations ) .

o B y DNA typing must be performed efficiently and
* Military DNA “dog tag reproducibly (information must hold up in court)

» Convicted felon DNA databases
Current standard DNA tests DO NOT look at genes —

Involves generation of DNA profiles usually with little/no information about race, predisposal to disease, or
the same core STR (short tandem repeat) markers phenotypical information (eye color, height, hair color) is
obtained

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm 1
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Figure 1.1, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

Sample Obtained from
Crime Scene or Paternity
Investigation

Biology
DNA 3 DNA PCR Amplification
Extraction Quantitation —_— of Multiple STR markers
Technology DNA BlOlOgy
Separation and Detection of Sample Genotype
PCR Products Determination
(STR Alleles)

Comparison of Sample
Genotype to Other Sample

Results

Genetics

Generation of Case Report
with Probability of Random

Match

N

DNA profile to population
databases

If match occurs, comparison of /

Figure 1.2, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press
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Deoxyribonucleic acid consists of a sugar backbone attached to one of
4 different bases. The sugars are linked to each other by phosphates
and the bases of each strand are hydrogen bonded to each other.

A) B)

o) Base
(A, T.C,orG)

5end
! S

Phosphate

Sugar—Base...

‘ Base
Phosphate (AT, C, or G)
Sugar—Base...

I
3’end

Figure 2.1, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

hybridized
strands

Phosphate-sugar
backbone

G
denatured c
37 G strands

Figure 2.2, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Human Genome

23 Pairs of Chromosomes + mtDNA

Located in cell nucleus \
Autosomes i
s Located in

per cell mitochondria
(multiple copies
in cell cytoplasm)

mtDNA

16,569 bp

1 4 5 6 9 10 11 _12
¥ O
E E E E E E E E E Mitochondrial
13 14 1516 17 18 19 20 21 22||x Y DNA
Nuclear DNA Sex-
chromosomes .
\ 3.2 billion bp 100s of copies
er cell

Figure 2.3, J.M. Butler (2005) Forensic DNA Typing, 2 Edition © 2005 Elsevier Academic Press

Chromosome 12

telomere

(Shor‘t’arm) Band 3 12p3

centromere —»

q
(long arm)

Band5 | 1205

telomere _

Figure 2.4, J.M. Butler (2005) Forensic DNA Typing, 2 Edition © 2005 Elsevier Academic Press
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Genes * A pair of chromosomes is called homologous
because they are the same in size and structure.

* One chromsome was inherited from mother and
the other from the father.

The DNA sequences for each pair of
chromosomes, however may not be the same.

Alternative possibilities for a gene or genetic

» DNA within a chromosome is organized into
genes, sequences that code for proteins
(exons) and non-coding regions called introns.

» There are genes for about 30,000 proteins.

* Genes make up just 5% of the human genome. locus sequence is called an allele.
* Markers used for DNA testing are located in » Two alleles that are the same are homozygous.
non-coding introns. Two that are different are heterozygous.

DNA identity testing is based on the ability to

» These regions differ between individuals and are 4 !
detect differences between alleles at various

termed polymorphic regions or loci.

genetic loci.

+ HUMAN GENOME + FORENSIC DNA TYPING SYSTEMS
. - genome: total (haploid) genetic makeup of an . Length polymorphisms

organism . - Restriction Fragment Length Polymorphisms (RFLP)
. - human genome contains 3X109 bp . - analysis of variable number of tandem repeats

- . VNTR)
. - - 4% is coding DNA (
. ° _ Structugral enes . - Polymerase Chain Reaction- Short Tandem Repeats
ot g (PCR-STR)
o ) _regu a OrY genes Sequence polymorphisms

. --96% is noncoding DNA - -AMPLITYPE® PM (polymarker)
° - regulatory regions . - analysis of several genes
* - promoters, upstream . - sequence specific oligonucleotide (SSO) probes

regulatory sequences, response . - mitochondrial DNA (mtDNA)
° elements, enhancers . - sequencing of two hypervariable regions (HV1 &
. - repetitive sequences HV2)
. - dispersed . within the D- loop
. - tandem

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm 4
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(A) Sequence polymorphism

(B) Length polymorphism

--------- (AATG)(AATG)(AATG)----------
3 repeats

--------- (AATG)(AATG)----------
2 repeats

Figure 2.5, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

Locus A
\ Homologous pair of
Allele 1 Allele 2 chromosomes
4 Q@ -
Allele 1 H Allele 2
3 9
Homologous pair of 6
chromosomes

Locus B

Figure 2.6, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

Sample Collection, Extraction and
Quantitation

Sources of Biological Evidence

* Blood
+ Semen
+ Saliva
* Urine
* Hair

* Teeth
* Bone

* Tissue .
Blood stain

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

DNA profile

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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ORGANIC CHELEX FTA Paper
+ FORENSIC DNA ANALYSIS Blood ¥ 08 oI, £D7A Jonly boodio
. PROCEDURES stain protinase K sood | ~ m oo o
. I. DNA isolation NoUERTE (35°0 stain wter
. - Chelex extraction ED Contriuge PUNCH
. - differential extraction for sperm/vaginal 1~ frono INCUBATE (ambient) l
epithelial cell chioroform, .
P _ v €S Centiuge
° mixtures REMOVE supernatant
- yields ss.DNA suitable for PCR amplification VORTEX 5% WASH Multple Times with
. - organic extraction §:§ Centrifuge v Chelex extraction buffer
. - yields large fragments of dsDNA suitable for TRANSFER aqueous (upper) phase REMOVE supernatant
i P
to new tube
RFLP Vs INCUBATE (56 °C) y_PCR
. analysi S TE buffer Reagents
v INCUBATE (100 °C) v
. - purified DNA )
- CONCENTRATE sample &S centifuge
« silica column (Centricon/Microcon-100 or ethanol - (NO DNA QUANTITATION
. - Qiamp preciiaton) QUANTITATE TYPIGALLY PERFORMED WITH
. - Purified DNA &S centifuge DNA PERFORM PCR
. - ds DNA suitable for PCR and/or RFLP QUANTITATE PERFORM PCR
PERFORM PCR
Figure 3.1, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press
Remove a
portion of FORENSIC DNA ANALYSIS
the mixed PROCEDURES
Il. Determination of the quantity/quality of the DNA

stain SDS, EpTA and
proteinase K
(cell lysis buffer)

Incubate
at 37°C

§=§ Centrifuge

Perpetrator's sperm
mixed with victim’s sPTlfm
epithelial cells pellet

REMOVE
SDS, EDTA and supernatant
proteinase K + DTT 5
DTT
lyses
% — sperm
phialeliractiony sperm “Female Fraction”

pellet
Figure 3.2, J.M. Butler (2005) Forensic DNA Typing, 2 Edition © 2005 Elsevier Academic Press

Chelex

weight (HMW)
DNA fragments

- Quantiblot (slot blot) detrmines the

- amount of DNA

- species

- primate specific probe to locus D17Z1

- human origin

- must be used to analyze DNA from

extractions

- yield gel determines the

- quantity of DNA

- quality

- presence of ds high molecular

- required for RFLP analysis

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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DNA quantitation using slot blot apparatus and Quanti-Blot kit. « PCR-STR
The assay determines DNA concentrations for human DNA.
Calibrati Unknown Samples Calibrat *
standards. —_—— standards. +  STRs (Short Tandem Repeats)
20ng 250 063 ng . - length polymorphisms .
/ . - moderately polymorphic
o gy - 1.25ng . - short sequences (blocks of 2-5 bp) repeated in
5ng | 25ng series .
. - repeats are well characterized
[ ] 5ng “ » H i
25ng | wmm =N - . - “alleles” are designated according to repeat
125ng | = @ 0ng number _ _
- . - not linked to any disease
R 20 ng .
0.63 ng . - low mutation rate
. - population data are available
. - large number
) ' ) . - sufficient degree of discrimination
Figure 3.3, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

Why amplify DNA in a sample?

+ Given that the DNA concentrations in most
forensic samples are low and of poor quality
(degraded) the ability to amplify what little good
quality DNA is left makes it possible to analyze
many “impossible” samples.

+ This is accomplished by use of the polymerase
chain reaction or PCR.

+ PCR allows specific DNA sequences to be
copied billions of times.

The Polymerase Chain Reaction

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm 7
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STITITIITIT
Starting DNA
|||||||||| Template
37 ’

Separate

Forward primer strands
5 30 (denature) _i_'I_I_I_I_I_I_I_I_ﬁ_’
LLLLLLLLLL adaprimes )
5’ (anneal)
Reverse primer
-T -
CarrrTrr Make copies TTTTTTTTTT
LITITII111 (extend primers) _L_L|_|_|.|:|
L

Repeat Cycle,
Copying DNA

/\ /\ Exponentially /\
A A AN VANWANWAWAN

Figure 4.2, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

94 °C 94 °C 94 °C 94 °C

60 °C
Single Cycle

Temperature

Time Typically 25-35 cycles
performed during PCR

The denaturation time in the first
cycle is lengthened to ~10 minutes
when using AmpliTaq Gold to
perform a “hot-start” PCR

Figure 4.1, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

Multiplexing

(A) Simultaneous amplification of three locations on a DNA template

= =S —>
— = —

Locus A Locus B Locus C

(B) Resolution of PCR products with size-based separation method

A B
4/\_A_/i_

small ———» large

Figure 4.3, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Advantages of PCR for Forensic DNA
Analysis

Very small amounts of DNA may be used from
as little as a single cell

Degraded DNA can serve as a template.

Large number of copies of specific dNA
sequences amplified simultaneously.

Contaminate DNA (animal, bacterial) sources
will not be amplified.

Commercial kits available for PCR reactions.

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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Disadvantages of PCR for Forensic DNA
Analysis

» Target DNA may not be amplified due to PCR
inhibitors in the extract.

» Amplification may fail due to changes in primer-
binding regions of the genomic DNA template
(null-alleles).

» Contamination from other DNA sources (human)

that are not part of the evidence can skew the
results.

STR Primers

STR Primers

» Thousands of microsatellites but they only account for
3% of the total human genome. STRs are scattered
throughout the geneome and occur on an average of
1/10,000 bases.

» STRs are named for the length of the repeat unit (di, tri,
tetra, etc.)

» Tetranucleotide repeats are the most popular STR in use
today.

* Repeats can be classified as simple, compound or
complex depending on the repeat pattern.

PCR primers are designed to target invariant flanking regions of the STR

Minisatellite Marker (D1S80) |

Flanking regions

N

— [ [ [

Repeat region
GAGGACCACCAGGAAG

16 bp repeat unit

STR Marker (THOT) |

Flanking regions

Repeat region

4 bp repeat unit

Figure 5.1, J.M. Butler (2005) Forensic DNA Typing, 2 Edition © 2005 Elsevier Academic Press

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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+ STRs found in coding regions have the name of
the protein that it codes for (TPOX, CF1PO).

* STRs in introns (noncoding regions) are
assigned numbers (D1S80).

* The small size of STRs (~100-400bp) compared
to minisatelite VNTR (~400-1000 bp) make
STRs better candidates for forensic analysis
where DNA may be degraded.

[ =N W E  p W M m @ W m a e o & e
o Overlay of all 4 colors
- (including internal size

| standard)

- l J | |

ANITN TN ARV N |
- blue panel
- D18S51 Penta E
=1 Dastasg THO! D21511 l '
-«

L o | .
L D5S818 D75820 CSF1PO Penta D green panel
1208 enta
= | D13s317 } D16S539 | |
= | |

: IS VI | N | N N I
[ yellow panel
- VWA D8S1179
v | Amelogenin FGA

(sex-typing) TPOX
- l |
L '
— Al A

- red panel
[ ILS600 DNA sizing standard
#1100 bp 200 bp p 400 bp 500 bp
— 2 w0 e w0 | 225 250 275 325 350 375 . 425 450 475

¢ P . T A A, A 2. b A ) — A i A A A JL

Figure 5.5, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Fluorescent
dye at 5’end

L‘ Primer sequence
A
VY
<Q> \ 3’-end
9\

20000
PCR amplification generates a

7
5’-end \\ //
labeled PCR product containing

Non-nucleotide linkers
the mobility modifiers

For each linker unit added,
there is an apparent
migration shift of ~2.5 bp

(mobility modifiers)

Figure 5.7, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Meowplex Analysis of Cat DNA

iﬂ‘ 20 120 180 200 240 280 320 360 400
o SRY ("‘31"9) 4 7 Male cat
4000 : 2 3 5 6 8 9 10
- THA

0 ‘ “ ) J 1 L
Saon 2 4 7 Female cat
5000 | 5 10
4000 1 — 9
S kel U0
0 Ly, fl L Tl

Figure 11.1, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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Laser

Capillary filled with polymer
solution

Detection
window

- = +
5-20 kV
(cathode) L (anode)

DNA Separation Methods

Outlet
Inlet
ne Buffer

Data
Acquisition

Sample tray

Sample tray moves automatically beneath the
cathode end of the capillary to deliver each
sample in succession

Figure 12.3, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

» The end result of STR analysis is the
assignment of a genotype.

» The fluorescent peak results from the capillary
electrophoresis must be converted to STR

. genotypes.

STR GenOtypmg » Alocus genotype is the allele, in the case of a
homozygote, or alleles for heterozygotes.

* These are normally reported as the number of
repetes present in the allele.

» A sample genotype or STR profile is produced
by the combination of all of the locus gentotypes
into a single series of numbers.

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm 11
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The Genotyping Process

Data Collection

Peak Identification 3
Matrix file Color Separation GeneScan Or'
FMBIO Analysis

Internal sizing — software
standard Peak Sizing

(e.g., GS500-ROX) > GeneMapperlD

- - software
Allelic ladder sample Comparison to Allelic
Ladder Genotyper or
StaR Call
Genotype
Assignment to Alleles

software

Data Review by
Analyst/Examiner

[

Confirmation of Expert Systems
Results by Second under Development
Analyst/Examiner (e.g., True Allele)

Figure 15.1, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

COfiler STR data

[ e o mm mm mm am 0
o
GeneScan e
) 1000
view =0 M
FART T AR T ARRT AR w0 5
1300
Gengtyper ‘S.?"
view i) i i
i |
Allele call (repeat number) - - T T I-“-t"f- I
determined by comparison of Kl move W [%‘ = %"
peak size (bp) to allelic ladder w00
allele peak sizes run under the I | o0
same electrophoretic conditions 1
i C id
El [rc

Peak height in relative
fluorescence units (RFUs)

+ A forensic laboratory will typically have two
independent reads for each sample.

* Comparison of the sample peaks to internal size
standards and the allelic ladder produces allele
results for the unknown sample.

Three Possible Outcomes
Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, p. 385

* Match — Peaks between the compared STR profiles have the
same genotypes and no unexplainable differences exist
between the samples. Statistical evaluation of the significance
of the match is usually reported with the match report (see
Chapter 21).

« Exclusion (Non-match) — The genotype comparison shows
profile differences that can only be explained by the two
samples originating from different sources.

« Inconclusive — The data does not support a conclusion as to
whether the profiles match. This finding might be reported if two
analysts remain in disagreement after review and discussion of
the data and it is felt that insufficient information exists to
support any conclusion.

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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* On Oct. 13, 1998, The FBI officially launched its
. nation-wide DNA database. By the end of 2003,
Combined DNA Index System this database, named Combined DNA Index

(CODIS) System (CODIS), contained of 1.5 million STR
profiles and is linked to all 50 states in the US
with capability to search criminal DNA profiles
similar to those for fingerprints.

» These databases are effective because a 1. To locate suspects in violent crime cases that
majority of crimes are committed by repeat would otherwise never have been solved.
offenders. 2. To make associations between groups of

* More than 60% of those put in prision for violent unsolved cases.

offenses and subsequently release were re-
arrested for a similar offense in less than 3 yrs.

* CODIS databases and similar databases in
other countries serve several functions.

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm 13
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NDIS

National Level (FBI Laboratory)

SDIS SDIS
State Level ‘ (Tallahassee, Florida) ‘ ‘ (Richmond, Virginia) ‘

l I [ ] 1

LDIS LDIS LDIS LDIS
(Tampa) (Orlando) (Roanoke) (Norfolk)

Local ‘
Level

LDIS LDIS
(Broward County) (Fairfax)

Figure 18.1, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Statistical Analysis

Resulting genotype combinations

and frequencies

Mother gametes (egg)

A o a .
Ea| AA [ aA
9
s \ J
% P p? ap
2 — >
® >
E TR
> a Aa aa
2 ‘ ]
® q
w Pa g2

Punnett square .
Freq (A)=p

AA
p?

Aa

2pq

aa

q2

Decide on Number of Samples
and Ethnic/Racial Grouping

Get IRB approval
Gather Samples Often anonymous samples from a blood bank

Analyze Samples at
Desired Genetic Loci

Usually >100 per group (see Table 20.1)

See Chapter 5 (STR kits available) and
Chapter 15 (STR typing/interpretation)

Summarize DNA types

Determine Allele Frequencies
for Each Locus

]

Perform Statistical Hardy-Weinberg equilibrium for allele independence

See Table 20.2 and Appendix Il

Tests on Data Linkage equilibrium for locus independence
Ethnic/ Racial Ethnic/ Racial " o .
Group 1 Group 2 Examination of genetic distance between populations

v v

Freq(a)=q p+q=1 (p+q)2=p2+2pq+q2

Figure 19.3, J.M. Butler (2005) Forensic DNA Typing, 2 Edition © 2005 Elsevier Academic Press

Use Database(s) to Estimate an

Observed DNA Profile Frequency See Chapter 21

Figure 20.1, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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Allele frequencies denoted with
an asterisk (*) are below the
H 1 1 5/2N minimum allele threshold
How Statistical Calculations are Made Allele Frequency Tables | ey e saonm
Research Council report (NRCII)
Th_e Evaluation of quensic DNA
+ Generate data with set(s) of samples from desired e ey Einum et al 2004) Evidence published in 1996.
opulation grou (S) | JFS 49(6) African African
pop 9 p D3S1 358 Caucasian | | Caucasian American American
— Generally only 100-150 samples are needed to obtain N= 302 N=7,636 N=258 N=7,602
reliable allele frequency estimates Allele Allele
11 | 0.0017* 0.0009 11 - 0.0003*
« Determine allele frequencies at each locus 12 | 0.0017* 0.0007 12 - 0.0045
— Count number of each allele seen 13 - 0.0031 13 0.0019* 0.0077
Most 14 0.1027 0.1240 14| 0.0892 0.0905
. L . common 15 0.2616 0.2690 15| 0.3023 0.2920
» Allele frequency information is used to estimate the allele 15.2 ~ . 52| 00019* 0.0010
rarity of a particular DNA profile 16 0.2430 16| 03353 0.3300
- Homozygotes (p?), Heterozygotes (2pq) 17 0.2000 17| 0.2054 0.2070
— Product rule used (multiply locus frequency estimates) 18 | 0.15232 0.1460 18| 0.0601 0.0630
19 | 0.01160 0.0125 19| 0.0039* 0.0048
For more information, see Chapters 20 and 21 in Forensic DNA Typing, 2" Edition 20 0.0017" 0.0001* 20

» We can calculate the frequency of a given profile
in the general population as follows:

Calculating STR Frequency + If an allele is homozygous the probability is
squared = p%

+ If an allele is heterozygous we use the following
formula — 2pq.

+ Individual frequencies for each locus are
multiplied by each other to give a total frequency
for all loci tested.

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm 15
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DNA Profile Frequency with all 13 CODIS STR loci
5 == e e woo e w  me  son e e
AmpFISTR® Identifiler™ THO1 TPOX D7 CSF
(Applied Biosystems) b1e 03 g 021 D13 D16 o o2
AMEL ps | VWA
What would L
be entered
into a DNA Locus allele value allele value 1in| Combined
i, for | D3S1358 16 0.2533 17 [ o02152) 947 917 | P
se:g’:‘;'_‘g: VWA 17 0.2815| 18 0.2003 | 8.87 81|R
17.18- FGA 21 0.1854 22 0.2185| 12.35 1005 g
21,22- D8S1179 12 0.1854 14 0.1656 | 16.29 16,364 |
;g;g D21511 28 0.1589 30 0.2782 | 11.31 185,073 | ¢
14.16- D18S51 14 0.1374 16 0.1391 | 2618 | 4845217 | T
12,13- D55818 12 0.3841 13 0.1407 |  9.25 | 44,818,259
11,14- D138317 1 0.3394 14 0.0480 | 3069 | 1.38x10°|R
93'191'_ D75820 9 0.1772 31.85 | 4.38x 101 t'
6.6- D16S539 9 0.1126 1 0.3212| 13.8| 6.05x 10" E
8,8- THO1 6 0.2318 18.62 | 1.13x10%
10,10 TPOX 8 0.5348 3.50 | 3.94x10%3
CSF1PO 10 0.2169 21.28 | 8.37x10"
The Random Match Probability for this profile in the U.S. Caucasian population
is 1 in 837 trillion (1072)

D3S1358 16 0.2533 17 0.2152 917  9.17

So, for locus D3S1358 allele 16 has a frequency of .2533 and
allele 17 frequency is 0.2152.

So using the product rule for a heterzygote (2pq) we would do
the calculations as follows: 2(.2533 x .2152) = .1076.

Taking the reciprocal of this gives you 1 in 9.29 frequency for
these two alleles.

With additional loci (the next one listed in our table was 8.87 so
9.17 x 8.87 = 1in 81 frequency etc.) and alleles we would simply
multiply them times our 9.17 to get a final frequency.

The Same 13 Locus STR Profile
in Different Populations

1 in 837 trillion

1 in 0.84 quadrillion (1075) in U.S. Caucasian population (NIST)
1 in 2.46 quadrillion (10%5) in U.S. Caucasian population (FBI)*
1 in 1.86 quadrillion (105) in Canadian Caucasian population*

1 in 16.6 quadrillion (10"5) in African American population (NIST)
1 in 17.6 quadrillion (1075) in African American population (FBI)*

1 in 18.0 quadrillion (10"5) in U.S. Hispanic population (NIST)

These values are for unrelated individuals
assuming no population substructure (using only p? and 2 pq)

NIST study: Butler, J.M., et al. (2003) Allele frequencies for 15 autosomal STR loci on U.S.
Caucasian, African American, and Hispanic populations. J. Forensic Sci. 48(4):908-911.
(http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm)

*http://www.csfs.ca/pplus/profiler.htm

http://www.cstl.nist.gov/biotech/strbase/FDT2e.htm
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