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Peak height vs peak area

Other lab-specific values:
— Heterozygote peak height balance
— Locus-specific stutter percentage

DNA quantity and quality

Points for Consideration

Thresholds — analytical vs stochastic levels

— problems with low-level or degraded DNA

Peak detection threshold

Peak height ratio (PHR)

Signal (S) Allele 1
Allele 2
Noise (N)
Heterozygote
peak balance

Signal > 3x sd of .
noise PHR consistent

with single source
Typically above 60%

What is a true peak (allele)?

Stutter percentage

True
allele

Stutter
product

Stutter location
below 15%

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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Validation Studies

 Information from validation studies should be
used to set laboratory-specific
o Stutter %
» Peak Height Ratios
» Minimum Peak Heights (detection thresholds)
 Relative balance across loci

* These values are all dependent on amount of
input DNA

« If low-level DNA is amplified, stutter % may be higher and
peak height ratios may be lower

Thresholds

» Validation studies should be performed in each
laboratory

* Some labs have set two thresholds:
— Analytical thresholds — what is a peak? (50 RFU)

— Stochastic thresholds — what is reliable PCR data?
(150 RFU)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 3
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Different Thresholds of Detection Influence Allele Calls

TECHNICAL NOTE

Jason K. Gilder," M5, Travis £, Doom,” PhD.; Keith tnman,* M. Crin.; and Dan E. Krane,* Ph.D. Lﬁ:
| - 100

Run-Specific Limits of Detection and
Quantitation for STR-based DNA Testing
Bl = I . . S 'm /150 RFU
JLMNJ}ALJWWWMA,JM oodE T LoQaTRRY
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i
Gilder, J.R., Doom, T.E., Inman, K., Krane, D.E. (2007) Run-specific limits of detection and quantitation for
STR-based DNA testing. J. Forensic Sci. 52(1): 97-101.

The Scientific Reasoning behind the
Concept of an Analytical Threshold
(limit of detection)

» This is fundamentally an issue of reliability

» For a peak intensity three times the standard
deviation of the noise there is a limited chance that
such a signal is the result of arandom fluctuation

» This is because 99.7 percent of all noise signals fall
below this value (from the definition of a Gaussian curve)

* Below this point the very real possibility exists that
what you think is a peak is simply a statistical
fluctuation in the baseline noise.

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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10:1 Female: Male Minor
COmpOnent
Input DNA Identifiler Results: NEST 11, 12, 13, 14 (varying input DNA) amount
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Minor components drop out at low
levels due to stochastic effects

Steps in the Interpretation of Mixtures
(Clayton et al. 1998)

!

Step #1 ’ Identify the Presence of a Mixture ‘ s R
FLSEVIER e sy M
v
. Analysis and interpretation of mixed forensic stains
Step #2 ’ Designate Allele Peaks ‘ using DNA STR profiling
JL TM. Clayton'*, JP. Whitaker*, R. Sparkes®, P. Gill*

Step #3 Identify the Number of Potential
Contributors

Recerved 13 May 1007, see

Clayton et al. (1998) Forensic Sci. Int. 91:55-70

Step #4 | Estimate the Relative Ratio of the
Individuals Contributing to the Mixture

|

Step#5 | Consider All Possible Genotype
Combinations

|

Step#6 | Compare Reference Samples

Will review each step
with a worked example

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 5



Mixture Deconvolution — J.M. Butler February 19, 2008

Step #1: Is a Mixture Present
in an Evidentiary Sample?

» Examine the number of peaks present in a locus

— More than 2 peaks at a locus (except for tri-allelic
patterns at perhaps one of the loci examined)

» Examine relative peak heights

— Heterozygote peak imbalance <60%
— Peak at stutter position >15%

e Consider all loci tested

Is a DNA Profile Consistent with Being a Mixture?
From J.M. Butler (2005) Forensic DNA Typing, 2nd Edition, pp. 156-157
If the answer to any one of the following three

guestions is yes, then the DNA profile may very well
have resulted from a mixed sample:

* Do any of the loci show more than two peaks in the
expected allele size range?

* |s there a severe peak height imbalance between
heterozygous alleles at a locus?

» Does the stutter product appear abnormally high (e.g.,
>15-20%)?

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 6
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100%

(a) 85%
HEtekfongous ISFG (2006) advocates
e | Rt SR >60% when DNA >500 pg
MIXTURE
REGION At LCN levels,
heterozygote peak
s’i(,i{.;}}égi’aﬁ"u | 9 /A ”””””””” height imbalance can
be <60% due to
stochastic effects
(b) 100%

Higher than typical
stutter product (>15%) Smaller peak area than normally seen

25% with heterozygote partner alleles(<70%)
~~~~~~~~~~~~~~~~
10%

Wrong side of allele to be
typical stutter product

Figure 7.3, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Step #2: Designate Allele Peaks

» Use regular data interpretation rules to decipher
between true alleles and artifacts

» Use stutter filters to eliminate stutter products
from consideration (although stutter may hide
some of minor component alleles at some loci)

» Consider heterozygote peak heights that are
highly imbalanced (<60%) as possibly coming
from two different contributors

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 7
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Step #3: Identifying the Potential
Number of Contributors

* Important for some statistical calculations

» Typically if 2, 3, or 4 alleles then 2 contributors

» If 5 or 6 alleles per locus then 3 contributors

» |If >6 alleles in a single locus, then >4 contributors

* JFS Nov 2005 paper by Forensic Bioinformatics on
number of possible contributors
— Relies on maximum allele count alone
— Does not take into account peak height information

Forensic Bioinformatics Article

http://www.bioforensics.com/articles/empirical_mixtures.pdf

I Forensic Sci, Nov, 2005, Vol. 50, No. 6
Paper ID JFS2004475
Available onling at: www.astm.org

David R. Paoletti,' M.S.; Travis E. Doom,"“* Ph.D.; Carissa M. Krane* Ph.D.;
Michael L. Raymer,"* Ph.D.; and Dan E. Krane,* Ph.D.

Empirical Analysis of the STR Profiles Resulting
from Conceptual Mixtures

" - Using 959 complete 13-locus STR
TABLE2—C mm._fu.'.'_r.l’,lw."('vn.f uf.’."’i'."e’u-,l:e’.".s‘mf.‘ mixtures in which a profiles from FBI dataset
particular awmber af unigue alleles way the maximun observed across all
laci, both for the original and randomized individuals* .

146,536,159 possible combinations

Unique Alleles Court Percent (%) | \yith 3-person mixtures
2 0 0.00%
j 4%7013 20'8?:: 3.39 % (4,967,034 combinations)
5 93.037.010 6a40% would only show a maximum of
6 48,532,037 13.12% four alleles (i.e., appear based on

maximum allele count alone to be a
2-person mixture)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 8
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Recent Article by Buckleton et al.

Available online at www.sciencedirect.com ]

"*;"ScienceDirect FSI

TS ™ GENETICS
ELSEVIER Forensic Science International: Genetics 1 (2007) 20-28 —_—
www.elsevier.comlocate/fsig

Towards understanding the effect of uncertainty in the
number of contributors to DNA stains

John S. Buckleton®, James M. Curran ™, Peter Gill©

* The Institute of Environmental Science and Research Lid., Private Bag 92021, Auckland, New Zealand
® Department of Statistics. University of Auckland, Private Bag 92019, Auckland, New Zealand
The Forensic Science Service, Trident Court, Solihull Parkway, Birmingham Business Park, Solihull B37 7YN, UK

Received 31 May 2006: received in revised form 12 September 2006: accepted 13 September 2006

Abstract

DNA evidence recovered from a scene or collected in relation to a case is generally declared as a mixture when more than two alleles are
observed at several loci. However, in princi ple, all DNA profiles may be considered to be potentially mixtures, even those that show not more than
two alleles at any locus. When using a likelihood ratio approach to the interpretation of mixed DNA profiles it is necessary to postulate the number
of potential contributors. However, this number is never known with certainty. The possibility of a, say three-person mixture, presenting four or
fewer peaks at each locus of the CODIS set was explored by Paoletii et al. [D.R. Paolenti, TE. Doom, C.M. Krane, M.L. Raymer, D E. Krane,
Empirical anal ysis of the STR profiles resulting from conceptual mixtres, J. Forensic Sci. 50 (2005) 1361-1366]. In this work we extend this
analysis to consider the profiler plus and SGM plus multiplices. We begin the assessment of the risk associated with current practice in the
calculation of LR’s. We open the discussion of possible ways to surmount this ambiguity.

() 2006 Elsevier Treland Lid. All rights reserved.

Two-Person Mixtures for Simulated Profiles:
Probability by Locus of A Particular Number of Alleles Being Observed

Table 1
The probability of ohserving a given number of alleles in a two-person mixtures
for simulated profiles at the SGM™ loci

Loci Mo, of alleles

1 2 3 4

(D3 0.011 0,240 0.559 0.190 |
VWA 0.008 0.194 01548 0.250
D16 0.016 0.287 0.533 0.164

[D2 0.003 0.004 0.462 0441 |
D8 0011 0.154 0.521 0274
D21 0.007 0.147 0,505 0.341
D18 0.003 0.095 0472 0430
D19 0.020 0.261 0.516 0.203
THO 0.016 0.271 0.547 0.166
FGA 0.003 0.116 0.500 0.381

Buckleton et al. (2007) Towards understanding the effect of uncertainty in the number of contributors
to DNA stains. FSI Genetics 1:20-28

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 9
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Levels of Locus Heterozygosity Impact
Number of Alleles Observed in Mixtures

Laoci Mo, of alleles

1 2 3 4
D3 0011 0. 240 0,55 |_1]_]_g]_|
VWA 0008 0. 194 0.548 0.250
D16 0016 0.287 0.533 0.164
D2 0.003 0,094 0.441

MIX05 Case #1; Identifiler green loci

http://www.cstl.nist.gov/biotech/strbase/interlab/MIX05.htm
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Three-Person Mixtures for Simulated Profiles:
Probability by Locus of A Particular Number of Alleles Being Observed

Table 2

The probability of observing a given number of alleles in a three-person

mixtures for simulated profiles at the SGM

+T™ |ogi

Loci MNo. of alleles showing
1 v 3 4 5 4]

(D3 0.000 0.053 01.366 0.463 0.115 0.002 | <
VWA 0.000 0.037 0.285 D468 0.194 0,016

D16 0.001 D086 0.397 0.411 0.100 0,005

(D2 0.000 0.008 0.104 0.385 0.393 0.110 | <=
D& 0,001 0041 0.258 0.436 0.236 0.029

D21 0.000 0023 0.192 0.428 0.302 0.055

D18 0.000 0.007 0.109 0.392 0.396 0096

D19 0.003 0078 0.352 0.401 0.152 0.014
THO 0.001 0.074 0.395 0.439 D08 0.002

FG A 0.000 0012 0.144 0.424 0.346 0.074

Buckleton et al. (2007) Towards understanding the effect of uncertainty in the number of contributors
to DNA stains. FSI Genetics 1:20-28

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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Number of Alleles Observed
with Simulated Four-Person Mixtures

» The simulation of four person mixtures suggests that
0.014% of four person mixtures would show four or
fewer alleles and that 66% would show six or fewer
alleles for the SGM Plus loci.

e The results for the Profiler Plus loci were 0.6% and 75%.

» The equivalent values for the CODIS set from Paoletti et
al. were 0.02% showing four or fewer and 76.35%
showing six or fewer.

Buckleton et al. (2007) Towards understanding the effect of uncertainty in the number of contributors
to DNA stains. FSI Genetics 1:20-28

Step #4: Estimation of Relative Ratios for
Major and Minor Components to a Mixture

* Mixture studies with known samples have shown that the
mixture ratio between loci is fairly well preserved during
PCR amplification

* Thus it is generally thought that the peak heights (areas)
of alleles present in an electropherogram can be related
back to the initial component concentrations

» Start with loci possessing 4 alleles...

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 11



Mixture Deconvolution — J.M. Butler February 19, 2008

Estimating Mixture Proportion (M,) or
Mixture Ratio (M,)

ti}ﬂ | ti’!:r
ti’ﬂ ! ﬁi’b ! ‘i’.r_' | ‘15:!

M,

|
[ \v A+D+B+C
1611 1158 1611 + 1158

1611 + 1158 + 3122 + 3193

A B C D = 2769/9084 = 0.305

Step #5: Consider All Possible
Genotype Combinations

Table 3
Pairwise combmations of two, thres and four alleles
Four alleles (ab.c,d) Three allsles (ab.c) Two alleles (a,b)
ab cd EE b aa ab
ae b.d bb ac ab abk
ad b.e c.e ab aa bb
x| ab ab a.c ab bb
bd ae be ac a,b aa
bye a,d ab b,e b,b a4
b a,a b.b ab
ae b.b
ak X
A a,b
ae b.e
b a,b

Kev: bold entnes represzent reciprocal combinations.

Clayton et al. Forensic Sci. Int. 1998; 91:55-70

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 12
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Considering Genotype Combinations

e AC
BD
A B Depends on PHR
CD
BC
A B C D AD
-

Peak Height Ratios (PHR)
Minimum Peak Height (mPH)
Proportion (p) or mixture proportion (M,)

Step #6: Compare Reference Samples

 If there is a suspect, a laboratory must ultimately decide
to include or exclude him...

* If no suspect is available for comparison, does your

laboratory still work the case? (Isn't this a primary purpose
of the national DNA database?)

» Victim samples can be helpful to eliminate their allele
contributions to intimate evidentiary samples and thus
help deduce the perpetrator

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 13
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Worked
Example

NIJ Expert Systems Testbed
(NEST) Project

Profiles in DNA (September 2007) 10(2): 13-15

EXPERT SYSTEMS

Validating Expert Systems: Examples

with the FS5-i2™ Expert Systems Software
By Rhonda K. Roby! and Amy D. Christen?

echnical Consultant, National Institute of Justice
2Research Analyst, Marshall University

NI'I MARSHALL UNIVERSITY
MNatlonal AN\ FORENSIC SCIENCE GENTER

of Justice

PROFILES 1IN DNA

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 14
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NEST Project Mixture Sample Set

* NIJ Expert Systems Testbed (NEST) Project
— Marshall University with Rhonda Roby (NIJ consultant)

* Phase Il Mixture Sample Analysis

— Amy Christen (Marshall University) produced a dataset while
interning at Forensic Science Service in Summer 2006

— Data to be used for evaluating “expert systems”

* Mixtures tested (280 total samples)
— 2 different female/male sample combinations: A:X and B:Y
— 4 input DNA amounts: 1.5 ng, 1.0 ng, 0.5 ng, 0.25 ng
— 5 kits: Identifiler, ProfilerPlus, COfiler, PowerPlex 16, SGM Plus
— 7 mixture ratios: 30:1, 10:1, 3:1, 1:1, 1:3, 1:10, 1:30

I will focus on a subset of this data... e.g., B:Y, 1.0 ng, Identifiler, 3:1

Identifiler Results: NEST H4 — N4 (0.25 ng input DNA)

a0 110 130 130 7m0 180 210 230 250 270 230 310 0 350

200

ATV 1 O TR Y B D TN U T

an 110 120 150 170 180 20 230 250 270 230 310 230 50

800

* 10:11 id n‘ T i .m A Mo N T

0 110 130 150 1w 130 210 230 250 270 230 210 330 350

800

S T T N TE |7 Y VAR | ST

a0 110 130 130 w0 180 210 230 250 270 230 310 0 50

800

” 1:11. T I TRV | xﬂh s b l»“ add

a0 110 130 130 170 180 210 230 250 270 230 310 330 350

200

. 1:311 lJILlJll Al‘ s ln.ﬁ. ﬂ lnl afl by lJU A N _”1 J\n]\

170 130 210 220 250 270 230 310 230 250

800

- 1:10“ i l L 1 ﬂﬁ | 4 A 1) T i

0 110

ool d bodtad ool

1w 130 210

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 15
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Identifiler Results: NEST H2 — N2 (1.0 ng input DNA)

01, A Lhoe L OM J‘ﬂ WY M u
i Sl T A W AR W Lt oo b
3::1 TN I Y :nll A s i il
- 1.:1 EETTI FEPYRTY 9!.11’[ Jﬂn )00 N D YRy
" J W WA | Y)W SRV N
g BoORN T AT AR N B WO WA | W TR | R

100 200 300

s R Y T P

Identifiler Results: NEST H2 — N2 (1.0 ng input DNA)
Calculate ratios based on peak heights
D2S1338 D21S11 AMEL
320 330 340 350 200 M0 LRV T L (N A A )
30:1 A A Jil
320 330 340 350 200 210 [SNRATN SR S U U I O )
10:1 A A - :: A Ji
B 3
20 330 340 350 200 210 WO K G318
3:1 AR 11} i
f i
220 230 340 350 00 210 WK BT OW T F R
11 | K AR A |11 R
i [
20 80 0 350 200 210 MR B G ODOE LW Bk
13 B R A 110111
[
10 | f A I
i 3
320 330 0 350 200 0 WOECE G BOR Tk
130 | i K Il T N
i [

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 16
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Identifiler Mixture Example
[DEsIITa pzis1I [DTS8z0 [CSFIPO |
a0 110 130 150 70 190 210 30 250 270 290 Xl 30 0 70
2000
o il Li NN |
= el 138“ e
[D3S1358 [THOL | DIZS3IT [D165539 | D251338 ]
an "o 120 150 170 130 210 230 250 7 230 20 220 250 270
2000
A ’L | | JI\ A
0| |1o7a 23127 a7 iz 8
s
[D195433 | ﬂA [TPOX [DIgSET ]
a0 110 130 150 70 RED] 0 230 250 270 230 310 330 350 am
ZUUUt ‘
i) o pf AL
= “ B[
I 732 [e]
[FCA ]
a0 110 120 150 170 RED] Fal 230 250 270 290 30 30 0 Erd
200.
P Il | J
11 20
1045] 1942 515
12
124 1945]
L ”mli 15 1% 110 I’x“ EL i .%m i Ed m";‘l‘ o o EI!G —Evaluatlon NOtes
Ho0s i |
ol ] BOLY) e 1. Loci seen with
[ie] (e | Bl | i 1,2,3,84 alleles (a
[t )| |i5ed) g3 mixture with at
least 2 contributors)
[EEETIE et 1Y (IGETEITY JLrtiiid | DRI 1
- | | . 2. Imbalance at
L] ) 1) ! ] ik amelogenin (female
A g B2 e (2 5 B & male mixture with
e :;' ) .:'v female as major)
0 | s
1121 1)
| o e 3. Decent overall
W W wm m w s = s w ™ signal with D8 in
| | ~1500 RFU (out of
st s stochastic range
14 Q gm! s w g )
Lé] [ie E Ill
2 [r3E) 102] 1038 .
4.  Large MW loci have
yex decent signal with
W W D18 in ~1000 RFU
i range (degradation
L unlikely)
& 1 allele: TPO 5. Ratio of major to
: minor around 3:1
1045/134 = 7.8 g 2”2:22 Bégbgi' 3%362}:6 D3, D18, FGA (from amelogenin
~3 female (X,X): : ' ' ’ ' ' ! X/Y ratios)
1 male (X,Y) 4 alleles: THO1, D2, VWA

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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Amelogenin Ratio

In many cases, amelogenin provides a helpful

] guide to assessing the mixture ratio

110 Female/Male ratio = X: X / X:Y

X/3 = 1045/3 = 348

348/134 = 2.6 (closest to 3 parts female to 1 part male)

1
> Chart of Expected Ratios
10495 1045/134 = 7.80 E:M  Chr ratio
1:1 3X:1Y
N 2:1 5X:1Y
134
4:1 9X:1Y
1045/134=17.8
~3 female (X,X): Potential problems with X or Y amplicon deletions
1 male (X,Y)

Anomalous Amelogenin Alleles

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

» Males possessing only a single X amelogenin amplicon (Y null) -
a male DNA sample will falsely look like a female DNA sample:
— Santos et al. (1998) reported a rare deletion of the amelogenin gene on
the Y-chromosome

— Y-STR typing can be performed to verify that other portions of the Y-
chromosome are present

* Males possessing only a single Y amelogenin amplicon (X null):
— Shewale et al. (2000) observed loss of the X chromosome amplicon in
three our of almost 7,000 males examined
— while this phenomenon should not result in a gender
misclassification (as the Y null situation might), its occurrence can
impact the expected X and Y amplicon ratios in a mixture (see
NIST MIXO05 interlab study, case #3)

Running reference samples from suspect and/or victim
may help discover potential amelogenin anomalies

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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Locus-by-Locus Breakdown...

 Start with 4 allele loci...
— Assume two person mixture
— With non-overlapping heterozygotes
— Pair peaks with similar peak heights

Possible but not as likely
depending on ratios

Possible Genotype Combinations

See Butler, J.M. (2005) Forensic DNA Typing, 2™ Edition, pp. 156-157

Four Peaks (4 allele loci)
* heterozygote + heterozygote, no overlapping alleles (genotypes are unique)

Three Peaks (3 allele loci) A A n
« heterozygote + heterozygote, one overlapping allele
« heterozygote + homozygote, no overlapping alleles (genotypes are unique)

Two Peaks (2 allele loci) o
* heterozygote + heterozygote, two overlapping alleles (genotypes are identical) :H:
« heterozygote + homozygote, one overlapping allele

« homozygote + homozygote, no overlapping alleles (genotypes are unique) A ’

Single Peak (1 allele loci)
« homozygote + homozygote, overlapping allele (genotypes are identical)

MUST ALSO CONSIDER STUTTER POSITION

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 19
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UPDATED SLIDE |

Population Database Used
for STR Allele Frequencies

» U.S. population data contained in J.M. Butler (2005) Forensic DNA
Typing, 2" Edition, Appendix Il (pp. 577-583)

» Published in Butler et al. (2003) J. Forensic Sci. 48(4): 908-911

* Available at http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm

»  Will focus on Caucasians for simplicity

THO1
Caucasian African-American Hispanic
Allele N =302 N=258 N=140
5 0.00166* 0.003858*
6 0.23179 0.12403 0.21429
7 0.19040 0.42054 0.27857
8 0.08444 0.19380 0.09643
9 0.11424 0.15116 0.15000
9.3 0.36755 0.10465 0.24643
10 0.00828 0.00194* 0.01429*

1" 0.00166*

Remember that different population databases will have different allele
frequencies because they are based on different samples

UPDATED SLIDE |

Stats

4 Allele Locus: THO1

[THO1

| Allele  Frequency

Four Peaks (4 allele loci)

150 170 1480 7 0.190
: | : | : 8 0.084
11 03 0368
B D ' '
|.|'—'|.|'—|U.I' Pl =(Py+ Pg + Pc + Pp)?
— 2
a7l (B2 - 231;2—, ' ;;84 +0.114 +0.368)
) N
aior 79 - =0.572
ajor: /7, —
I\/I'J . 803 = PE=1-pPi=1-0572=0.428
Ol ootk 1121 Thus ~43% of Caucasian population can

be excluded from contributing to this
mixture (primarily because allele 6 is
missing)

heterozygote + heterozygote, no overlapping alleles (genotypes are unique)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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PHR
S
4 Allele Locus: THO1
[THO1 |
130 170 140 Consider all possible combinations:
Al € B/A = 638/1370 = 0.466
B D
l I B/C =638/1121 = 0.569
STRallele cal 7 | laz C/A = 1121/1370 = 0.818 major
RFU peak height 1270 04
EI D/B =494/648 = 0.774 minor
_ 635
Major: 7,9 5 D/C =494/1121 = 0.441
Minor: 8,9.3 1124 —
All other combinations <0.60
(60% heterozygote Peak Height Ratio)
Four Peaks (4 allele loci)
heterozygote + heterozygote, no overlapping alleles (genotypes are unique)

. .
Mix Ratio
4 Allele Locus: THO1
|THI]1 | )
1500 470 450 Total of all peak heights

= = = ' = =1370+638 + 1121 + 494
A C = 3623 RFUs
I B D

glﬁiuefﬁa-';m 7 9.3 | Minor component:

eal el Al
12701 1994 B 1Dytotal = (638+494)/3623 = 0.312
]

Major: 7,9 SEE Major component:

Minor: 8,9.3 24| (A+C)total = (1370+1121)/3623 = 0.688
Close to the ~3:1 predicted by amelogenin X/Y
allele ratio —thus major component = female

Four Peaks (4 allele loci)
heterozygote + heterozygote, no overlapping alleles (genotypes are unique)
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UPDATED SLIDE |

Mix Ratio
4 Allele Locus: D251338
ml;ia 30 50 Total of all peak heights
= = - =438 + 1110 + 1326 + 523
BC = 3397 RFUs
A D
ARARLY
S ;_'éa ﬁm Minor component:
— (A+D)/total = (438+523)/3397 = 0.283
1326
Major: 23,24 Eé Major component:
Minor: 19,25 523| (B+C)ltotal = (1110+1326)/3397 = 0.717

Four Peaks (4 allele loci)

heterozygote + heterozygote, no overlapping alleles (genotypes are unique)

UPDATED SLIDE |

Mix Ratio
4 Allele Locus: VWA

hr:‘ﬁrai 170 190 Total of all peak heights
: = : : =880 + 244 + 468 + 738
A D = 2330 RFUs
Bl €
Lo _fh
14 17
STRaIIeIeca_II 220 a6 Minor component:
RFU peak height
15 18 (B+C)ltotal = (244+468)/2330 = 0.306
244  [738
Major: 14,18 Major component:
Minor: 15,17 (A+D)/total = (880+738)/2330 = 0.694

Four Peaks (4 allele loci)

heterozygote + heterozygote, no overlapping alleles (genotypes are unique)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm

February 19, 2008

22



Mixture Deconvolution — J.M. Butler February 19, 2008

3 Allele Locus: D8S1179

[DESIITY

130 130

11159RINNE

12 15
1052 1565

12
1487

Three Peaks (3 allele loci)
. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)

3 Allele Locus: D21S11

Allele  Frequency

28 0.159
D2l511 29 0.195
130 210 30 0.278
oA
25 a0
4471738
20
1174

Three Peaks (3 allele loci)
. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)
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3 Allele Locus: D75820

Allele  Frequency

8 0.151
DTS20 , 10 0243
~ t — 12 0.166
2 o
3541951
12
13584

Three Peaks (3 allele loci)
. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)

3 Allele Locus: CSF1PO

Allele  Frequency

10 0.217
[CSFIPD 11 0.301

0 330 12 0.361

J&M
10 |12
751129

11
1831

Three Peaks (3 allele loci)
. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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3 Allele Locus: D3S1358

Allele  Frequency

D3iS51358 15 0.262

130 16 0.253
EEIITTTITTE 18 0.152
15 18
440 1973
16
438

Three Peaks (3 allele loci)

. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)

3 Allele Locus: D18S51

Allele  Frequency

(D1g5S51 15 0.159
290 210 16 0.139
. . . 17 0.126

LT

15 (|17
ga0j (271

16
1031

Three Peaks (3 allele loci)

. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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3 Allele Locus: FGA

Allele  Frequency

20 0.127
23 0.134
(FGA 25 0.071

20 23 (|25
515 1942 (242

Three Peaks (3 allele loci)
. heterozygote + heterozygote, one overlapping allele
. heterozygote + homozygote, no overlapping alleles (genotypes are unique)

2 Allele Locus: D19S433

Allele  Frequency

14 0369
[D195433 15 0152

10 130

L

14
1282

15
1184

Two Peaks (2 allele loci)

. heterozygote + heterozygote, two overlapping alleles (genotypes are identical)
. heterozygote + homozygote, one overlapping allele

. homozygote + homozygote, no overlapping alleles (genotypes are unique)
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2 Allele Locus: D55818

Allele  Frequency

11 0.361
Lot 12 0.384

Two Peaks (2 allele loci)

. heterozygote + heterozygote, two overlapping alleles (genotypes are identical)
. heterozygote + homozygote, one overlapping allele

. homozygote + homozygote, no overlapping alleles (genotypes are unique)

2 Allele Locus: D13S317

Allele  Frequency

11 0.339
|D13 C31T 13 0.124
210 230
p—t
1M 13
2031|227

Two Peaks (2 allele loci)

. heterozygote + heterozygote, two overlapping alleles (genotypes are identical)
. heterozygote + homozygote, one overlapping allele

. homozygote + homozygote, no overlapping alleles (genotypes are unique)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm

27



Mixture Deconvolution — J.M. Butler February 19, 2008

2 Allele Locus: D16S539

Allele  Frequency

9 0.113
DIlGSE30 12 0.326
a0 v a0
=] 12
1357 1233

Two Peaks (2 allele loci)

. heterozygote + heterozygote, two overlapping alleles (genotypes are identical)
. heterozygote + homozygote, one overlapping allele

. homozygote + homozygote, no overlapping alleles (genotypes are unique)

1 Allele Locus: TPOX

Allele  Frequency

m 8 0.535

Single Peak (1 allele loci)
. homozygote + homozygote, overlapping allele (genotypes are identical)
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Profiles Used In Mixture Samples

Victim Suspect
D8S1179 13,15 12,12
D21S11 29,30 28,30
D7S820 10,12 8,10
CSF1PO 11,12 10,11
D3S1358 18,18 15,16
THO1 79 8,9.3
D13S317 11,11 11,13
D16S539 9,12 9,12
D2S1338 23,24 19,25
D19S433 14,15 14,15
VWA 14,18 15,17
TPOX 8,8 8,8
D18S51 15,16 16,17
AMEL X, X XY
D5S818 12,12 11,11
FGA 20,25 20,23

UPDATED SLIDE |

Software Programs (Expert-Systems)

for Mixture Deconvolution

These programs do not supply stats (only attempt to deduce mixture components)

e Linear Mixture Analysis (LMA)

— Part of TrueAllele system developed by Mark Perlin (Cybergenetics)

Perlin, M. W. and Szabady, B. (2001) Linear mixture analysis: a mathematical approach to
resolving mixed DNA samples. J.Forensic Sci. 46(6): 1372-1378

» PENDULUM

— Part of FSS i-3 software suite (i-STReam)

Bill, M., Gill, P., Curran, J., Clayton, T., Pinchin, R., Healy, M., and Buckleton, J. (2005)
PENDULUM-a guideline-based approach to the interpretation of STR mixtures. Forensic

Sci.Int. 148(2-3): 181-189

e Least Squares Deconvolution (LSD)
— Available for use at https://Isd.lit.net/

U.S. Patent 6,807,490

— Wang, T., Xue, N., Birdwell, J.D. (2006) Least-square deconvolution: a framework for
interpreting short tandem repeat mixtures. J Forensic Sci. 51(6):1284-1297.

USACIL program developed by Tom Overson
called DNA_DataAnalysis

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm
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Forensic Sci. Int. 2005;148(2-3): 181-189

Available online at www.sciencedirect.com i ————
scusucs@mnscrn F“mns!c
Science
] International
Forensic Seience International 148 (2005) 181-189 1

www.elseviercom/locate/forsciint

i-STReam
(FSS-i® software) PENDULUM—a guideline-based approach to the
Sold by Promega interpretation of STR mixtures
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