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Applied
Genetics

Advancing technology and traceability
through quality genetic measurements to
aid work in

« forensic DNA testing,

« clinical genetics,

 agricultural biotechnology, and

* DNA biometrics.
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We are finding new ways to use DNA...
BIZARRO
We're taking back your first
place ribbon. —We found traces
of your parente’ DNA all over
your seience fair project.

Methods for Human Identification/Biometrics

Steps Involved

Collection
Specimen Storage

STR Typing

Interpretation

of Results

Database
Storage & Searching
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OC" frequencies to generate a case
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Steps in Forensic DNA Analysis

Usually 1-2 day process (a minimum of ~5 hours)
Siot Blot

- 1ng
z 03ng
No DNA
| 05ng
i 05ng
. 07ng
1ng
1ng

Blood Stain Buccal swab

Sample Collection >  DNA DNA
& Storage 3 Extraction Quantitation
'E% PRFLAL i, L 55 e

If a match occurs, comparison of

DNA profile to population allele Multiplex PCR Amplification

report with probability of a random
match to an unrelated individual

y —_ DNA
! - Database
Search

DNA separation and sizing

STR Typing
Male: 13,14-15,16-12,13-10,13-15,16
Interpretation of Results

Technology

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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DNA Testing Requires a Reference Sample

A DNA profile by itself is
fairly useless because it
has no context...

—you need areference
sample

Crime Scene Evidence compared to Suspect(s) (Forensic Case)

Child compared to Alleged Father (Paternity Case)

Victim’s Remains compared to Biological Relative (Mass Disaster ID)
Soldier’'s Remains compared to Direct Reference Sample (Armed Forces ID)
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Elements Going into the Calculation
of a Rarity Estimate for a DNA Sample

2

Population allele
frequencies

1

Rarity estimate

DNA Profile of the specific
(with specific alleles) DNA profile
Appropr_iate There are
genetic different ways
formulas to express the

profile rarity

3

Tahle 11.2 Random match probability for a 13-locus STR profile uging the U.5. Cancasian
allele frequencies found in Table 11.1.
ANele 1 Allels 2 Expected Genotype
Allele 1 Allele 2 ||Frequency (o) Frequency fg) || Formula | Frequency
2 maEsxT 1" 14 033040 0.04801 ] 0.0628
TH & & o2nve " 00637
Dass 14 16 013742 013007 P 0.0382
28 30 015804 0.27815 & 00684
18 17 02531 0.21523 &pq 01000
12 13 038411 014073 o] 01081
@ e QITTIE v o0a4
Das11Ta 12 14 018543 016556 & 0.0614
CEFIPO 10 10 021660 v 00470
A 21 22 018543 0.21854 &pq 0.0810
i MEs539 Ll 1" onzsa oazne 2pq 00723
% TPOX 8 B 0.53477 o 0.2860
5| VWA 17 18 028146 0.20033 Zpq 01128
“j AMEL x Y
HE 1.20 % 1019
3| comtina 1in 837 3 10™
frequency 1in 837 trillion

Generating a
DNA Profile

Population allele
frequencies

DNA Profile Rarity estimate of the
(with specific alleles) specific DNA profile

Appropriate
genetic formulas

DNA in the Cell

4% The vast majority of DNA is the same from person to person

chromosome 22 pairs + XX or XY

cell nucleus

Double stranded

DNA molecule .-
=

~3 billion total base pairs
R,

Only a Small Varying Region
is Targeted and Probed for
Each DNA Marker Examined

Individual &
nucleotides

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

Organization of Information

Printed Genetic

1|2|3|4|5 %ﬁ %ﬁ

Volumes in a 23 Pairs of
Set of Encyclopedias Chromosomes in a Cell
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Information Storage @

You know that no two people share the same
fingerprint, but did you know that the cells that
make up your body also have a unique fingerprint
unlike anyone else’s? Your cells contain a
complex molecule that we call DNA. Unless you
have an identical twin, no one else has DNA just
like yours.

Scientists can analyze DNA. If a criminal leaves
DNA at a crime scene, police can use it to prove
who committed the crime. At NIST, we help
crime labs analyze DNA accurately. We make
DNA standards so crime labs can tell if their
results are right.

Text Storage is by the
order of letters, words

and paragraphs DNA Storage is by the

order of nucleotides, genes
and chromosomes

Identification of Information

Printed Information Genetic Information

Library Body
Book Cell
D13$317
Chapter Nucleus
Page Number Chromosome

Line on Page Locus (part of chromosome)
Word Short DNA sequence

Letter DNA nucleotides

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.

The Human DNA Genome within a Cell

The Nucleus = control
center for the cell
(one per cell)

Mitochondria = the power
houses for the cell
(hundreds per cell)

Mitochondrial DNA
(16,569 bp)

Nuclear DNA
(3.2 billion bp)

Inherited from both
your mother and your father

Inherited from only
your mother

Genetic Inheritance

Father's Father's Sperm

Sperm Mother's Egg

Nuclear
DNA

Mitochondrial
DNA

Current scientific thinking:
+~99.9% of 6 billion letters (2 x 3 billion bp)
are the same between people

Child’s Cell
*This 0.1% is still ~6 million differences :

Father contributes: 22 autosomes (1 of each pair), X or Y
Mother contributes: 22 autosomes (1 of each pair), X and mtDNA

Human Genome and Inheritance

Sex 5
=) Maternal Contribution | chromosome 5
23] H
oG5 3
we 8@ :
- | o
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 X mtDNA -
— Sex g
= Paternal Contribution chromosome z
Es
[Tr% S
Q © g
" £ E
- | | | | | or H
12345678910 111213 14 15 16 17 18 19 20 21 2 Y X 2
f Nuclear DNA o | Mitochondrial DNA
chromosomes
[I=) Autosomes
oo
o2 O
v 8
(@)
1234567891011 1213 14 15 16 17 18 19 20 21 22 XY DNA

Male Child’s Full Genome

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Inheritance Pattern of DNA Profiles

A DAD
vatorm }\ J\ P | SLILD
t
‘ ;lm. MOM

Result from a Single Locus (specific region of DNA)

Basis of DNA Profiling

The genome of each individual is unique (with the
exception of identical twins) and is inherited from
parents

Probe subsets of genetic variation in order to
differentiate between individuals (statistical probabilities
of arandom match are used)

DNA typing must be performed efficiently and
reproducibly (information must hold up in court)

Current standard DNA tests DO NOT look at genes —
little/no information about race, predisposal to disease, or
phenotypical information (eye color, height, hair color) is
obtained

Position of Forensic STR Markers
on Human Chromosomes .
TPOX 13 Core U.S. STR Loci

1 2 3 4 5 & 10 11 12
8 STR loci overlap between U.S. and Europel ANII=

= EL
E = Sex-typing
D13S317 o S = =
D16S539 j D18S5 AMEL
T = 1]

13 14 15 16 17 18 19 20 20 22 X Y
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i

of Forensic D

Fundamentals

5
@

John

Composition of a DNA Profile

Paternal Maternal Paternal Maternal Paternal Maternal
Allele Allele Allele Allele Allele Allele

HWE

Locus 1 Locus 2 Locus 3

Linkage Equilibrium
(product rule)

DNA Profile

Short Tandem Repeat (STR) Markers

An accordion-like DNA sequence that occurs between genes
TCCCAAGCTCTTCCTCTTCCCTAGATCAATACAGACAGAAGACA
GGTGGATAGATAGATAGATAGATAGATAGATAGATAGATAGA

TAGATATCATTGAAAGACAAAACAGAGATGGATGATAGATACAT
GCTTACAGATGCACAC

=11 GATA repeats (“11" is all that is reported)

— 7 repeats « The number of consecutive repeat
— 8 repeats «_units can vary between people
— 9 repeats -
=> 10 repeats = The FBI has selected 13
= gf:—::z = core STR loci that must
== 2 [epeas = be run in all DNA tests in
— 13 repeats - "
order to provide a
T common currency with
Target region DNA profiles
(short tandem repeat)
DNA Marker Nomenclature
THO1

Tyrosine Hydoxylase gene, intron 01

D16S539
D: DNA
16:  chromosome 16
S: single copy sequence

539: 539th locus described on chromosome 16

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Short Tandem Repeat (STR) Markers

PCR primers anneal to unique sequences
bracketing the variable STR repeat region

The overall PCR product size is measured ]

Fluorescent PCR product size generated

dye

DNA template

PCR Product Size (bp)

e
100 130 w4p
351958

Allelic Ladder I

August 19, 2009

~ Forward
Qe ot STR markr B o
i LT 1 — 5]
Reverse
e
PCR primer 190 150 e
sample
i
STR repeat region

TCCCAAGCTCTTCCTCTTCCCTAGATCAATACAGACAGA
AGACAGGTGGATAGATAGATAGATAGATAGATAGATA Sa’“zp'e
GATAGATAGATAGATATCATTGAAAGACAAAACAGAGA
TGGATGATAGATACATGCTTACAGATGCACAC

=11 GATA repeats (“11” is all that is reported)

f Forensic DNA Typing, Figure 10.4

1 M. Butler (2009) Funda

John

-separated and sized

S
o

Peak Color Separation and Sizing

and STR Genotyping

Allelic ladder

AHIAR

Color
separation
and peak

sizing

Data from CE instrument
(prior to color separation
and peak sizing)

Genotyping allele bins
(+/-0.5 bp around ladder allele)

PCR-amplified sample

A M

Color
separation
and peak

sizing

_MM Alleles (7 repeats)
o

3
5 MAML AL —
o
Fy
2 Internal size standard Internal size standard
© Genotype =12, 14
All ladder - All sample
alleles sized Genotyping performed by alleles sized

using internal
size standard

using internal
size standard

comparing allelic ladder
to sample results

MO I3t 1 B fea TR (B Ladder

HE_E_W0T D Pun e 1B tamgle

Comparison of Allelic Ladder to Samples to
Convert Size into Allele Repeat Number

e R L L R EREEEN RN
a1 un i o i an LEY 18 (Y i s am 1

— +/- 0.5 bp bin defined

,VM&%UL

e
s un i o

[ERD
1 72

=
e

ETaTE

e e
an [EY 1 iy i s m 1

difference
=-0.02bp

difference
=+0.05bp

around each allele
A0
NPT VEN:

STR Results

Individual #1
Individuals will differ Qi e e
from one another in | b=
terms of their STR ] R 1 e —
profile - o
STR genotype can then Individual #2 _ _
be put into an alpha T bt e T T
numeric form for search J| Al 1 \ E::;
on a DNA database R e rJ1 —

What would be entered into a DNA database for searching:

AMEL D8S1179 D21S11 @ D18S51
Individual #1 XY 11,13 28,32.2 17,18
Individual #2 XX 11,14 30,31 12,15

A DNA Profile is Produced by Separating
DNA Molecules by Size and Dye Color

LASER
Excitation The labeled fragments.are
(488 nm) 1‘ separated (based on size)
[T HH D and.detected onagel or
T TR AR D capillary electrophoresis
o instrument
[ 1 S
~1 hour or less
Q [N 100 ) 1h |
b 3
Fragment size ranges from 100 - 350 base pairs
..u”” | | ”[1 Ly
TEoHty I,Z"E'T EIL.EI R o] UH BIETE

Peaks represent labeled DNA fragments separated by electrophoresis
This ‘profile of peaks’ is unique for an individual — a DNA type

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

PATERNITY TESTING

PCR product size (bp)

[ 190 200 210 220 280 240 50

Alleged Father(s) is

, .
Father fS Prof:le ? 11,14
asked to donate DNA

112 1 sample
:  Child
I
8 T
1
| i (.
1 L 1
! m 12
! child #3
8 )
h ﬁ Mother

STR Alleles from D13S317




J.M. Butler — DNA Statistics
Lockheed Martin BEACON Lecture Series

August 19, 2009

DNA Profile Frequency with all 13 CODIS STR loci

o8 = = 7 B = =) Ea B e =)

AmpFISTR® Identifiler™ THO1 TPOX D7 CSF
(Applied Biosystems)

- - - TPOX - CSF
b16 D o16
_mmh. il 11 d H

GFAM™ : DSTITS BasiT . D7SE20 csmpo” =
Glue) !_l | I l [,,

i]i] it ] ]

THo1!

vicm D3s1358 D13s317  D16S539 0251338 o
(reem . [ =

[}

TPOX
NED™ D195433 VWA | D18S5L rm
(vellow) g
D5S818 on . L

e I I 1in 837 trillion

TR (probability of this profile

. . t rand
GS500 LIZ size standard occurring at random)
Lizne =
orange) | | IJ N l J | ’;;
(i (LT«J';'] EE £} B EEl

What would
be entered
into a DNA Locus allele value allele value lin| Combined
database for | D351358 16 02533 17 02152] 9.7 917 |p
searching:  [vwa 17 02815| 18 02003 | 887 81| R
1?1; FGA 21 01854 | 22 02185 | 1235 1005 | O
2122 D8S1179 12 01854 | 14 01656 | 16.29 16,364 | D
12,14- D21S11 28 01589 | 30 02782 | 1131| 185073 | ©
28,30- D18S51 14 01374| 16 01391 2618 4845217 $
1‘2‘12 D5S818 12 03841| 13 01407 | 9.25| 44818259
1114- D138317 11 03304| 14 00480 | 30.60 | 138x10°|R
9,9- D75820 9 01772 31.85| 438x100 |y
9,11- D168539 9 01126 11 03212 138] 6.05x10" | L
gg THO1 6 0.2318 1862 113x100 |E
10,10 TPOX 8 0.5348 3.50 | 3.94x10%
CSF1PO 10 0.2169 21.28 | 8.37x10%

The Random Match Probability for this profile in the U.S. Caucasian population
is 1in 837 trillion (10%2)

Population Allele
Frequencies

Population allele
frequencies

Rarity estimate of the
specific DNA profile

DNA Profile
(with specific alleles)

Appropriate
genetic formulas

Determining the Frequency

Genotypes from

of Various STR Genotypes

20 samples
11,12
8,11 Summary Count of Summary Count of Alleles
1”; Observed Genotypes  Observed Alleles Frequencies
1;1; 11é1121seen 42tti_mes 8 seen 4 times 8= 4/40=0.10
12,12 1111 s6en 3 times 9seentlime | 9= 1/40=0.025
1111 13’13 1 10 seen 1 time 10 = 1/40 = 0.025
12:13 12’12 :zz’:] 5 tlirr:zs 11 seen 15 times | 11 = 15/40 = 0.375
1213 12'13 seon 2 timos 12 seen 10 times | 12 = 10/40 = 0.25
11,14 11’14 seen 1 time 13seen7times |[13= 7/40=0.175
1?:?3 8,8 seen 1 time 14 seen 2times |14 = 2/40 =0.05
11,12 11,13 seen 1 1?me Allele 11 is the most
11,12 10,13 seen 1 time common and occurs
10,13 9,11 seen 1 time 37.5% of the time in
1,1 13,14 seen 1 time this sampling
8,11
9,11
13,14 20 samples =40 alleles

Decide on Number of Samples

Usually >100 per group
and Ethnic/Racial Grouping

Often anonymous samples
from a blood bank

Gather Samples

Analyze Samples at
Desired Genetic Loci

Summarize DNA types
]

‘ Determine Allele Frequencies

for Each Locus

Perform Statistical Hardy \berg equilibrium for allele indep
Tests on Data Linkage equilibrium for locus independence

Ethnic/ Racial Ethnic/ Racial
‘ Group 1 ‘ Group 2 Examination of genetic distance between populations
v v

Use Database(s) to Estimate an
Observed DNA Profile Frequency

A Computer Program Used to Perform Statistical

Analysis of STR Allele Frequencies

Dnatype
Flo Database  Tots NRC Reslts Roferences  Gettrg Rarted  Help

-: *® -
= S e3
= - —— =
= 7‘ Windpaw s QQT

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Comparison of Allele Frequencies
Measured with Different Studies

D13s3T African American
Alledes N = 7833 N =258
8 0.0330
9 0.0330
10 0.0233 30 times more
11 0,3062 samples in the
12 0.4244 larger study yet Smaller Stud
. Caaea the allele Butler et al. (2003)
- o frequencies are JFS 48(4):908-911
14 0.0349 Sy simi
. fairly similar Larger Stud
15 0.001 - Einum et al. (2004)
16 00002 _ JFS 49(6): 1381-1385
Minimum alele 0.0003 10,0096
frecuency (5/2N)

August 19, 2009

Comparison of Allele Frequencies
Between Different Population Groups

‘ Below minimum
| allele frequency

Frequency

8 9 10 1 12 13 14 15
D13S317 Allele

@ African Americans (N=258) 0 Caucasians (N=302) @ Hispanics (N=140)‘

D13S317 Allele Frequencies
from NIST U.S. Population Data

Caucasian African-American Hispanic
Allele N =302 N = 258 N =140
8 0.11258 0.03295 0.12143
9 0.07450 0.03295 0.15357
0 0.05132 002326 0.10000
1 0.33940 0.30620 0.23571
12 0.24834 0.42442 0.22143
13 0.12417 0.14535 0.11786
14 0.04801 0.03488 0.04643

0.00166* 0.00357*

15
5/(2x302) = 0.00828 5/(2x140) = 0.01786

Minimum Allele Frequency = 5/2N

Want to sample at least 5
chromosomes to provide a
somewhat reliable estimate of an
allele’s frequency in a population

N = number of individuals tested
2N = number of chromosomes sampled (2 per person)

Data behind FBI PopStats Program

Budowle et al. (2001) J. Forensic Sci. 46(3):453-489

Bruce Budowle,' Ph.D.; Brendan Shea.” M.S.: Stephen Niezgoda” M.BA.: and
Ranajit Chakraborry,” Ph.D.

CODIS STR Loci Data from 41 Sample
Populations™

There was little evidence for departures from Hardy-Weinberg expectations
(HWE) in any of the populations.

The Fg; estimates over all thirteen STR loci are 0.0006 for African Americans,
0.0005 for Caucasians, 0.0021 for Hispanics, 0.0039 for Asians, and 0.0282 for
Native Americans.

The Same 13 Locus STR Profile
in Different Populations

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

1in 16.6 quadrillion (10%5) in African American population (NIST)
1in 17.6 quadrillion (105) in African American population (FBI)*

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

These values are for unrelated individuals
assuming no population substructure (using only p2 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

STR Cumulative Profile Frequency with Multiple Population Databases

TR Frafile Number  Cumulative Profile Cumulative

Lo Computed  of Popula-  Frequency Range Profile Frequency
tioms in . against LS.
vaed Caucasians

(Appendix 1)

DI51358 16,17 168 S to 626 219

wwa 1718 166 376 to 1080 s

HGA na 166 747 to 119000 w10

DES1179 104 166 0080 1o 5430000 16400

D251 B3 166 165000 to 248000000 186000

DIEsST 14,76 166 IBGH 10400 268 10N S BEX 10

pssENE 12,03 166 228 W DAIZA0N L5100

0135317 14 166 4321000 169 107 138100

o7sEN0 08 188 LATx 100 208 10% 42270

DlessIe 811 97 408 10010 1115 10%  SHZe 10

THO 66 L B30 10010 1 45 108 105 108

TROX LX) a7 330 10t0 1.54 10% 363109

PO 1000 a7 3AYx 1010 285 10" TARL10M 1014 to 1021

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

D.N.A. Box 21.1, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press
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How Statistical Calculations are Made

» Generate data with set(s) of samples from desired
population group(s)
— Generally only 100-150 samples are needed to obtain reliable
allele frequency estimates

» Determine allele frequencies at each locus
— Count number of each allele seen

+ Allele frequency information is used to estimate the rarity
of a particular DNA profile
— Homozygotes (p?), Heterozygotes (2pq)
— Product rule used (multiply locus frequency estimates)

August 19, 2009

Applying Genetic
Models and Formulas

Population allele
frequencies

DNA Profile Rarity estimate of the
(with specific alleles) specific DNA profile

Appropriate
genetic formulas

Hardy—-Weinberg Equilibrium
(HWE) :

Godfrey Hardy p2 + 2pq + q2 =1 Wilhelm Weinberg

« Godfrey Hardy (1877-1947) and Wilhelm Weinberg
(1862—1937) both independently discovered the
mathematics for independent assortment that is now
associated with their names as the Hardy—Weinberg
principle.

« HWE proportions of genotype frequencies can be
reached in a single generation of random mating. HWE
is simply a way to relate allele frequencies to
genotype frequencies.

Resulting genotype combinations

Punnett f i
Sq uare Mother gametes (egg) and frequencies AA
A a
p q -l op?
% N
A AA / aA '
b p2 L Aa
— — 2| 2pg
al ~Aa aa
q
Pq q? aa
- q2
Punnett square
Freq (A)=p

Fra@=a p+q=1  (p+qP=p>+2pq+q?

A Three-Generation Family Pedigree with Genetic Results
from a Single STR Marker (FGA)

1 2
20,22 @

10

DNA Typing, Figure

tler (2009) Fundamentals of Forensic

(C)
Mother’s alleles Mother’s alleles
23.2 25 20 25
g £20 20232 2025 £20 | 2020 2025
3 F 22 (22232 22,25 22| 2022 2225

#13 #12

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

The Second National Research Council
Report (NRC Il) Published in 1996

* Recommends various formulas to
use to correct for inbreeding
(subpopulation structure)

* Theta (8) is a measure of the
average level of co-ancestry (i.e.,
inbreeding)

— Usually <0.01 with normal groups

— Usually <0.03 with closed populations
(e.g., Native American tribes)

“Inbreeding means mating of two persons who are more closely related
than if they were chosen at random” (NRC I, p. 98).
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Comparison of STR Genotype Frequencies
with Different Correction Factors

Table 11.2 © ison of for and under
different assumptions.

(NRC I
Uncler HWE Recommendation 4.1} Adjustment
PRI Il Recommendation 4.10a)
Homazygots .
K B+ -me iyt — ) + 2801 — 4+ 34)
e
=023
& =001
PIRC Il Racommendation 4,10}
Hoterazygote B Y

20ip, (1 - & + Flp,1 - 6 + 8]

{1+ 51+ 20

DissaT e apannos [00me]  2m 4008 [o05e0
B=0M

B =005
=001
Mota: Aol requoncy vales (p,
260, than unconaisons
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Example Calculations with Population
Substructure Adjustments

Tk 208

Fmapls cul

S i L—

n o populsin sulbarcaers

From U5, Caacaitan (4= 302k Appendar N - sampde in databamm

o1y
na
e
a1
oasines
s
e
LY
o
oA

DIEEI

POt T

e Lpt
LU TR -
& 8 eanm
1 % oy
B oW o
[ Y
C Tt
’ s amms
MM auen
TR
n @ awn
*» owm s
. " omum
nom e

Al 3
e b

T

sipsmanns e Appemcdis 1) Sormarion wmh thoea ap

trear aant sy am
sk ey amna am e enen
B oEE 34 oonE s o ased
B 0SSN Papiiple  GoSSE g0l (T LT
M ome ma onwr moom: Lo ooy
LT = LY o4 oy o
a Ml ke ans LR
i Gl £ atas el anm aixm
B GeiM peplephn 000 b0G LTy e
g eXM fm LTI T L= et
B AT paepllepie 00WT g i famad
oo e oo soetn omn oom
ETE T R Y omm emm oorn o
¥ oME papigie 0 e LET onz
m onm = arm ™ aner o1
120608 (L ST (TS T

Example Calculations with Corrections for Relatives

Table 3.0
Epie

st ik cormmiens for el g ke XTI f recmsemendied frms

#rom 5. Cacasian (N = 300% Appendi i - sample in database

ter T WA Ram TR 2.4

Al A ABelsl  ANe) e [ e v et

iR g [patet) QAT (W cenig
DINETT 1 M 03WM0 OBMOI  Jpq  GAEM AN 0BT onl aa7m A ames
et & & oaum e BOST w4 0T O ooz wam oEm
DIEEIS 8 01 OISR QW Jmp BO0H mdB OJNR 00ME 01088 apam 0FE
DImss1 WoONE QIR 0UPMT g GOIA? e dBS QIM7 ooMZ o Wm0
BISIT I  M GV 075 2pq BGEAM g dB ORI 0BB LTEY A o
BWINA 16 T AXN 033 Im M mdls 0BG GmT o140 s 0¥
s N 0N 0T dm RME B QN 008 0.0487 s Qa2
o s % amms # BaMA  sqams i o anem s nae
BEIITE 17 M GG ANEE  3pq  BAOM AR AR Bnd LT sgam  amn
emrn W% amas # Bam sqams onEs Al LI sgam oz
*oa N} omER GIME 3 RCNE e 4B DJ0X OME ann am 0w
i B8 asMm ¥ BIM0 AR OEME 0dd LE A ams
s TOOm amME 03} SNE w4 oM ona ey g am o
AR x v
120815 LTS LMET ATETY

How Are Such Large Numbers Generated
with Random Match Probabilities?

Each allele is sampled multiple times to produce a statistically stable
allele frequency

Using theoretical models from genetics, multiple loci are multiplied
together to produce an estimate of the rarity of a particular DNA
profile (combination of STR alleles based on individual allele

frequencies)

Remember that relatives will share genetic characteristics and thus
have STR profiles that are more similar to one another than

unrelated individuals

We are not looking at every person on the planet nor are we looking
at every nucleotide in the suspect’'s genome

Three DNA Forensic Categories
Typically Faced

» Single Source: DNA profile of the evidence sample
providing indications of it being of a single source origin

» Mixture of DNA: Evidence sample DNA profile suggests
it being a mixture of DNA from multiple (more than one)
individuals

» Kinship Determination: Evidence sample DNA profile
compared with that of one or more reference profiles is
to be used to determine the validity of stated biological
relatedness among individuals

http://www.promega.com/geneticidproc/ussymp17proc/workshops/PromegaMixture Stats2006.pdf

The Three Possible Outcomes
of Evidence Examination (Q-K Comparison)

« Exclusion (no match)

“Suspect”

Known (K) Sample

1142

“Evidence”
Question (Q) Sample
13

N

Must provide significance of this match

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

* Non-exclusion 1142
« P . 145
— “Match” or “inclusion
AN
112 No result
* Inconclusive result (or a complex mixture)
—A e A e

(no decision as there is insufficient data to support a conclusion )




J.M. Butler — DNA Statistics
Lockheed Martin BEACON Lecture Series

Inclusions (Matches) Require Statistics

+ It would not be scientifically
justifiable to speak of a match
as proof of identity in the
T absence of underlying data

Forensic DNA Evidenee | that permit some reasonable

estimate of how rare the

matching characteristics
actually are.

- NRC I, p. 192

August 19, 2009

The Statistic (Determining the Weight of the Evidence)
Should Be Calculated from the Evidence

Evidence (partial profile): Reference (full profile):

Type  Statistic Type  Statistic
Locus1 16,17 1in9 Match Locus1 16,17 1in9
locus2 17,18 1in9  ONSeNedal ) ocup 17,18 1in9
Locus3 21,22 1in12 May Be Locus3 21,22 1in12

Locus4 12,14 1in16 Compared Locus4 12,14 1in16
Locus5 28,30 1in11 Locus5 28,30 1in11
------- Locus6 14,16  1in26

Locus7 1243 1in9
Locus8 11,14 1in 31
Locus 9 9,9 1in 32

The reference sample is still a tocusr: 2’;1 1 in }‘91
“ @ i ocus , in

. match _—lJustnotas much locus12 88 1in3
information is available from Locus 13 10,10 1in 21
the evidence for comparison | -

Product = 1 in 665 trillion

Single Source vs. Mixture Samples

Single Source Sample

Locus 1 Locus 2 Locus 3 Locus 4 Locus 5
 I— T — N TR T | N—TR— ] ST —
16,16 L 9,9.3 8,12 9.9 17,19 i»m
L ey
..... T %_ 'Iﬁﬁiflﬁl ey

One or two peaks observed at each locus (tested DNA region)

Mixture Sample

Locus 1 Locus 2 Locus 3 Locus 4 Locus 5
1 | Ll 1 F"“’
JDTQ éiél i) B = |
] ] i

More than two peaks observed at more than two loci (tested DNA regions)

Different possible combinations could have
given rise to the particular mixture observed

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

Thank you for your attention...

Our team publications and presentations are available at:
http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

/_Lead}ng the Way
{nForenslc DNA..,

See also http://www.dna.gov/research/nist
http://www.cstl.nist.gov/biotech/strbase
john.butler@nist.gov
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