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Mixture Interpretation Possibilities

* 1. Qualitative statement (*..cannot exclude..’)

« 2. Interpret as since source from peak height differences,
differential extraction, etc. and calculate random match
probability

« 3. Calculate probability of exclusion (CPE)

* 4. Calculate likelihood ratio

Mixture interpretation

* How many contributors?
» Exclusion probability (CPE)

+ Likelihood ratio calculations comparing two
alternative hypotheses
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Estimate genotype frequency:

1. Frequency at each locus

Hardy-Weinberg Equilibrium

2. Frequency across all loci

Linkage Equilibrium

3. Corrections (NRC II)
‘9’ correction

minimum allele frequency

confidence interval

Hardy - Weinberg Equilibrium

AA, AA, AA,

PP2RR, R M B
ol
freq(A,) = p, Al AA AA;
freq(Az) =P, RP, sz
A, | AA, | AA,

(P, +P, f=P?+2PpP, +P?

(Py+P, + Py =P?+P2+P2+2P,P,+ 2P,P, +2P,P,

What do the numbers mean?

Random match probability = .000001

Random match probability = 1/1,000,000

Exclusion probability = .999999

Exclusion probability = 99.9999%
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Exclusion Probability =

the combined frequency of all
genotypes that could be excluded

from the mixture, assuming H-W

equilibrium for the genotype
frequencies.

All possible genotypes

« 3alleles: A;, A, Ag

© AALAA, AA Ay Ay AA AA,

* 4alleles: Aq, Ay Ag A,

* AAg AR AAg AdAy AgPg, AsAg, AAL, Aghs,
AzAy AgAy

* kalleles: k(k+1)/2 genotypes; HWE

Evidence Suspect

- A [

. A . A,

. A No assumption about the

number of contributors

Three Allele Scenario
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Evidence -
—_— Al _— —_— —_— —
_— A2 ] _—

]
— A; . —

Evidence

A

- A,

IV

Par tPazt Pas =P Py, = p?

Combined Exclusion Probability =

1- [Pinc, 1 X I:)inc, 2 X I:>inc, 3 X I:)inc, 4 ]

- multiply inclusion probabilities together

across independent loci
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Assumptions:

* Independence

+ All contributors of same racial group
» All unrelated

* No allele dropout

* No intensity differences

Exclusion Probability

Not as powerful as LR

(ie: number not as large)

Possibilities:

Calculate using P¢ for all loci

Calculate RMP for single contributor

loci only

Use more definitive hypotheses

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



Statistical Analysis of Mixtures — G.R. Carmody February 19, 2008

With STRs and intensity differences, an
evidence profile may have...

some loci where the contributors can be

determined as single sources

and others where this may not be possible

loci with peaks below the LOQ should not be
used in the CPE calculation

Blackuells

TECHNICAL NOTE

Sason B, Gilder,' M5 Travis E. Doom.® PIo.: Keith frnan,” M, Crin: and Dan E Krane,” P,

Run-Specific Limits of Detection and
Quuantitation for STR-based DNA Testing

LOD = mean background + 3 s.d.

LOQ = mean background + 10 s.d.

peak height imbalance

stutter percentage

Bayes formula (odds form):

P(GIE)) (P(EIG)) (P(6)
(P(EIE)J_(P(EIE)JX(P(E)J

posterior odds =(likelihood ratio) x (prior odds)

G = guilt; E =DNAevidence P(G)+P(6)=1

mutually exclusive
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Bayes formula (odds form):

P(H,IE) Y (PEIH) (P(H,)
P(H,1E) )~ | PEETH,) )| P(H,)

posterior odds =(likelihood ratio) x (prior odds)

E = DNA evidence

®= hypothesis #1 @= hypothesis #2
\ /

mutually exclusive

Likelihood ratio - interpretation

+ LRcanrange from 0 +— 1 +——— @0

* LR < 1; the genetic evidence has more support from
denominator hypothesis than from numerator hypothesis

» LR=1; the genetic evidence has equal support from both
numerator/denominator hypotheses

* LR > 1; the genetic evidence has more support from
numerator hypothesis than from denominator hypothesis.

Likelihood ratio - interpretation

« LR Verbal equivalent
« 1-10 ‘limited support’
« 10-100 ‘moderate support’

* 100 - 1,000 ‘strong support’

» > 1,000 ‘very strong support’

« from:
« - Evett, LW. & B.S. Weir. 1998. Interpreting DNA Evidence. (p. 226)
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Likelihood ratio - interpretation

« LR Verbal equivalent
* 1-10 ‘limited support’
*« 10-100 ‘moderate support’

* 100 - 1,000 ‘moderately strong support’
» 1,000 — 10,000 ‘strong support’
» > 10,000 ‘very strong support’

« from:
« - Evett, LW. et al. 2000. Science & Justice. 40:233-239.
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Bayes formula (odds form):
PH.IE) ) (PEIH)\ (PH)
[P(HJE)}‘(P(EMZ)jX(P(HaJ

posterior odds =(likelihood ratio) x (prior odds)

E = DNA evidence
H, = hypothesis #1 H, = hypothesis #2

Mixtures - Likelihood Ratio Approach

* 1. H, - prosecution hypothesis
+ 2. H, - defense hypothesis
» 3. Mutually exclusive hypotheses

* 4. LR = Prob(evidence|H,) / Prob(evidence|H)
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Likelihood Ratios for Two Person Mixtures

» Scenario 1. Victim is in the mixture

. (eg.: intimate sample)

» Scenario 2. Victim is not in the mixture

Available online al wwwaciencedinctoom

nen-c-@nn\uer-

Scieace
International

ELSEVIER Foeemsic Science latemutional 163 (20063 %0-501 —_—
wn leviecomanaloesdion

DNA commission of the International Society of Forensic Genetics:
Recommendations on the interpretation of mixtures

F Gill**, C.H. Brenner®, 1.5, Buckleron®, A. Carracedo®, M. Krawczak®, W.R. Mayr ",
N. Morling®, M. Prinz", BM. Schaeider', B.S. Weir!

sgm. Denmark

ok, WY TN, 154

‘unrestricted combinatorial approach’

Evidence Victim Suspect

. A - A
- A, N A,
N A, . A,

L

A, mmmm A,

Four Allele Scenario
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Four Alleles

Two Match the victim - A; A,

Two Match the suspect - A, A,

LR = Prob(evidence|H;)/Prob(evidence|H)

1/2p,p,
Evidence Victim Suspect
. A A
[ - A,
LW -
Three Allele Scenario
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Three Alleles

Victim is homozygote - A; A

Two Match the suspect - A; A,

LR = P(E|H,)/P(E|Hy)

1/ 2p,.p,

Evidence Victim Suspect

[ - A

. A, . A,

- A - A,

Three Allele Scenario

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 1 2



Statistical Analysis of Mixtures — G.R. Carmody February 19, 2008

Three Alleles

Victim is heterozygote - A, A;

Suspect is homozygote- A; A;

Three possible genotypes
can explain the evidence

Given that the victim
is heterozygote - A,A,

The possible genotypes to
explain the evidence:

AlAr ARy AlAg

A1A AA; AiAs

P12 + 2pip, + 2piP3

13
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LR =P(E[H,)/P(E|Hy)

1/(p1? + 2pip, + 2p,p3)

Evidence Victim Suspect H, Hy

AA; AlA AA 1 p.2

AlA,  AA, AA 1 P12 +2p P, +p,2

AlA,  AAL AA; 1 2p;p,+p,2

Evidence Suspect

- A, A
- A, A,
LW
- A,

victim not present

Four Allele Scenario
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Four Alleles

Two match the suspect - A /A,

Two match the unknown - A; & A,

H

p

Suspect is A}A,

Unknown is A;A,

2P3P,
Hd

Unk1l Unk2

AlA; AsA, 2p1 P2 X 2P3Py4
3 AiAq AxA, 2P1P3 X 2P, Py

AlA, AAs 2p1 Py X 2P3P3

AA, AlA; 2P3 P4 X 2P4 P2
3 AR A 2P, Py X 2P4 P3

AAs A1A, 2P, P3 X 2P Py

24p4 Py P3 P4
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LR = P(E[H,)/P(E|Hy)

2p3P,
24P, P2 P3 P4

1
12p,p,

Evidence  Suspect

- A - A

- A, - A

- A,

Three Allele Scenario

Three Alleles

Two match the suspect - AjA,

The unknown contributes - at least A,
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H,

Suspect is A}A,

Unknown is AjA;
or AjA;or AA;

P3? + 2P, P3 + 2P,P3

Hd

Unk 1 Unk 2

AlA; AlAg 2Pp1P2 X 2P1P3
AlA; AAg 2p1py X 2PyP3
AlA; AzAg 2p,p, X Pg?
AlAg AlA; 2p1Pp3 X 2P,1P,
AlAg AAz 2p1Pp3 X 2p,yP3
AAg AA, 2p,p3 X p,?
AAs  AA; 2PyP3 X 2P1P;
AAs AiAs 2PzP3 X 2P;1P3
AAs A1A 2p,ps X py?
AA AAg P3? X 2P,P3
AA, AlAg Po% X 2p; P3
AzAz AlA; Ps% X 2p;p,

12p,;p,p3 (P1+P2+P3)
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LR = P(EIH,)/P(E|Hy)

P3? + 2Py P3 + 2P, Ps

12p,p,ps (P, +P2 +P3)

Ps +2p; +2p,

12pip, (P; + P2 + P3)

February 19, 2008

Number of Contributors

2 alleles - 2, 3, 4 contributors
3 alleles - 2, 3, 4 contributors

4 alleles - 2, 3, 4 contributors

Bayes formula (odds form):

P(H,IE)) (PEIH)) (P(H)
(P(Hz|E)J‘[P<E|H2)JX[P(HZ)J

posterior odds = likelihood ratio x prior odds

E = DNA evidence
H; = hypothesis #1;  H, = hypothesis #2
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