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PATERNITY TESTING
ALLEGED FATHER

CHILD

Two alleles for each
autosomal genetic marker



Typical Paternity Test

Two possible outcomes of test:

Inclusion

The obligate paternal alleles in the child all
have corresponding alleles in the Alleged Father

The obligate paternal alleles in the child DO

NOT have corresponding alleles in the Alleged
Father



Exclusion
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Results

The Tested Man is Excluded as the Biological
Father of the Child in Question



Inclusion
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Results

The Tested Man Cannot be Excluded as the
Biological Father of the Child in Question

Several Statistical Values are Calculated to
Assess the Strength of the Genetic Evidence



Language of Paternity
Testing

Pl Paternity Index
CPI Combined Paternity Index
\%% Probability of Paternity

PE Probability of Exclusion



Paternity Index

summarizes information provided by
genetic testing

® | ikdlihood Ratio

® Probability that some event will occur under a set of
conditions or assumptions

® Divided by the probability that the same event will
occur under a set of different mutually exclusive
conditions or assumptions



Paternity Index

® Observe three types — from aman, awoman, and a
child

® Assume true trio — the man and woman are the true
biologic parents of child

® Assumefalsetrio—woman isthe mother, man Is
not the father

® |nthefalsetrio, the child’ s father is aman of
unknown type, selected at random from
population (unrelated to mother and tested man)



Standard Paternity Index

* |n paternity testing, the event is observing
three phenotypes, those of a woman, man and
child.

* Theassumptions made for calculating the
numerator (X) isthat thesethree personsarea
“truetrio”.

* For thedenominator (Y) the assumptionsis

R



Paternity Analysis
Hypothetical case

DNA Analysis Resultsin Three
Genotypes

Mother (AB)
Child (=19
Alleged Father (CD)



Paternity Analysis

An AB mother and a CD father can
have four possible offspring:

AC, AD, BC, BD



Standard Paternity Index

Pl determination in hypothetical DNA System

Pl =X/Y

Numer ator

X = Isthe probability that (1) a woman
randomly selected from a population
Istype AB, and (2) a man randomly
selected from a population istype CD,
and (3) their child istype BC.



Standard Paternity Index

Pl determination in hypothetical DNA System

Pl =X/Y

Denominator

Y = Istheprobability that (1) a woman
randomly selected from a population
Istype AB, (2) a man randomly
selected and unrelated to either
mother or child istype CD, and (3)
the woman’s child, unrelated to the
randomly selected man isBC.



Standard Paternity Index

When mating israndom, the probability
that the untested alternative father will
transmit a specific alleleto hischild is
equal totheallele frequency in hisrace.

We can now look into how to actually
calculate a Paternity Index



Hypothetical DNA Example

2
Numerator
Person Type
Mother AB
Child BC

Alleged Father CD

In order to explain this evidence Calculate Probability that

a) Woman randomly selected from population 1s type AB

b) Man randomly selected from population 1s type CD, and
¢) Their child 1s type BC



Paternity Analysis
Paternity Index

Numerator

Probability = 2p,pg X 2ppp X 0.5 x 0.5



Hypothetical DNA Example
Second Hypothesis
Denominator

Person Type
Mother AB
Child BC
Alleged Father CD

In order to explain this evidence Calculate Probability that

a) Woman randomly selected from population 1s type AB

b) An alternative man randomly selected from population
1s type CD, and

c) The woman’s child, fathered by random man, 1s type
BC



Paternity Analysis
Paternity Index

Denominator

2PaPg 2PcPp
-~ Pc
Ol

Probability = 2p,pg X 2pcpp X 0.5 X pc



Paternity Analysis
Paternity Index

MXM x\Oﬁ\x 0.5
Pl= —m—m
ZP\AISB\X}prp X\O\S\X e

0.5
Pl =
Pc



Hypothetical DNA Example
Probability Statements

Person Type
M other AB
Child BC

Alleged Father CD

one might say (Incorrectly)

a) Numerator is probability that tested man is the
father, and

b) Denominator is probability that he is not the father



Hypothetical DNA Example
Probability Statement

Person Type
Mother AB
Child BC

Alleged Father CD

A Correct satement is

a) Numerator is probability of observed genotypes,
given the tested man is the father, and

b) Denominator is probability of observed genotypes,
given a random man is the father.



Incorrect Verbal Expression of the
Paternity | ndex?

It is (X/Y) times more likely the tested man was
the true biological father than an untested
random man was the father



Correct Verbal Expression of the
Paternity | ndex?

It is (X/Y) times more likely to see the genetic
results if the tested man was the true biological
father than if an untested random man was the

father
or

There is (X/Y) times more support for the genetic
results if the tested man was the true biological
father than if an untested random man was the

father



There are 15 possible
combinations of genotypes for
a paternity trio



Paternity Index

M and C share one allele
and AF is homozygous for the obligatory allele

Parents ?—

Y| AF

Child

C
AF can only pass C allele

Random Man has p chance of passing the C allele
PI=1/p



Paternity Analysis
Paternity Index

Numerator

Probability = 2paps X p” X 0.5 x 1



Paternity Analysis
Paternity Index

Denominator

2PAPg pcz
.-~ Pc
e

Probability = 2papg X pc” X 0.5 X pc



Paternity Analysis
Paternity Index

MXEZXOE X 1
PI_ 2Py %LZ\XMPC

Pl =



Paternity I ndex

M and C share both alleles and
AF is heter ozygous with one of the obligatory alleles

Parents ?—E

Y| AF

Child

C
M has a 1 in 2 chance of passing A or B allele

AF has a 11in 2 chance of passing B allele
RM has (p + q) chance of passing the A or B alleles
PI =0.5/(p+q)



Paternity Analysis
Paternity Index

Numerator

Probability = 2p,pg X 2pgPc X 0.5(ma) X 0.5,



Paternity Analysis
Paternity Index

Denominator

ZpApB ZpoC
- Pa T Pg
O.SA iy OSB kz’

probability =
2PaPg X 2PgPc X (0.5may X Pg + 0.5mp) X Pa)



Paternity Analysis
Paternity Index

o| = mx Z\PB%X 0.5(ma) X 0.5,
MX 2p\ls\ (0. S5(mg) X Pa + 0.5(na) X Pg)
o5

\O-\5~pA+ 075@8
0.5

Pl =

Pl =
Pa T Pg



Paternity I ndex

M and C shareboth allelesand AF is
heter ozygous with both of the obligatory alleles

Parents ?—E

Y| AF

Child

C

M has a 1 in 2 chance of passing A or B allele

AF has a 11in 2 chance of passing A or B allele
RM has (p + q) chance of passing the A or B alleles

Pl =1/(ptq)



Paternity Analysis
Paternity Index

Numerator

Probability =
2PAPg X 2PAPg X (O.S(mA) X O.S(fB) -+ O.S(mB) X O.S(fA))



Paternity Analysis

Paternity Index
Denominator
- D, +
0.5, + 0.5, o Pe

k”

probability =
2PaPg X 2PpPg X (O-S(mA) X Pg + 0.5mp) X Pa)



Paternity Analysis
Paternity Index

\ZD}%XNX (0.5(ma) X 0.5y + 0.5.,5) X 0.5p))
P | o e e
MX\Z]S}%X (O.S(mB) X Py + 0.5ma) X Pg)
08p, + 06p;
1

Pl =

Pl =
Pa T Pg



Paternity I ndex

M and C share both alleles and
AF Ishomozygous with one of the obligatory alleles

Parents ?—ﬂ

Y| AF

Child

C
M has a 1 in 2 chance of passing A or B allele

AF can only pass the B allele
RM has (p + q) chance of passing the A or B alleles
PI=1/(p+q)



Paternity Analysis
Paternity Index

Numerator

Probability = 2p,pg X Pg? X 0.5:a) X 1,



Paternity Analysis
Paternity Index

Denominator

- Pa T Pg
05A+ OSB kz’

probability =
2PpaPg X Pg” X (O'S(mA) X Pg + 0.5mp) X Pa)



Paternity Analysis
Paternity Index

>PlleQX\pBZ\X 0.5(may X 1(sm)

e ——— e ———
MX\P&X (O-S(mB) X Pp + 0.5:a) X Pp)
OG
Pl =
0=ap, + 0apg
1
Pl =

Pa T Pg



Pl Formulas
Single locus, no null alleles, low mutation rate,

codominance
\Y | C AF Numerator Denominator PI
A A AB 0.5 a 0.5/a
A AB AB 0.5 a 0.5/a
A AB  BC 0.5 a 0.5/a
AB A AB 0.25 0.5a 0.5/a
AB A AC 0.25 0.5a 0.5/a
BC AB AB 0.25 0.5a 0.5/a
BC AB AC 0.25 0.5a 0.5/a

BD AB AC 0.25 0.5a 0.5/a



Pl Formulas
Single locus, no null alleles, low mutation rate,

codominance
\Y | C AF Numerator Denominator PI
A A A 1 a 1/a
AB A A 0.5 0.5a 1/a
B AB A 1 a 1/a
BC AB A 0.5 0.5a 1/a



Pl Formulas

Single locus, no null alleles, low mutation rate,
codominance

C AF Numerator Denominator Pl

M Pl
AB AB AC 025 0.5(a+b)  0.5/(a+b)




Pl Formulas

Single locus, no null alleles, low mutation rate,
codominance

M C AF Numerator Denominator PI

AB AB A 0.5 0.5(a+b)  1/(a+b)
AB AB AB 0.5 0.5(a+b)  1/(a+h)




Combined Paternity Index

 When multiple genetic systems aretested,
a Pl iscalculated for each system.

 Thisvalueisreferred toasa System PI.

* If thegenetic systemsareinherited
Independently, the Combined Pater nity

Index (CPI) isthe product of the System
Pl's



Combined Paternity Index

What “Is’ the CPI?

 The CPI isameasure of the strength of
the genetic evidence.

e |t Indicateswhether the evidencefits
better with the hypothesisthat the man is
thefather or with the hypothesisthat
someone elseisthefather.



Combined Paternity Index

 Thetheoretical rangefor the CPI isfrom
O to Infinity

A CPI of 1 meansthe genetic tests
provides no information

A CPI lessthan 1; the genetic evidenceis
mor e consistent with non-paternity than
paternity.

A CPI greater than 1, the genetic

evidence supportsthe assertion that the
tested man isthefather.



Probability of Paternity

The probability of paternity isa measur e of
the strengths of on€’ s belief in the hypothesis
that thetested man isthefather.

The correct probability must be based on all
of the evidencein the case.

The non-genetic evidence comes from the
testimony of the mother, tested man, and
other witnesses.

The genetic evidence comes from the DNA
paternity test.



Probability of Paternity

e The probability of paternity (W) is based



Probability of Paternity

 Theprior probability of paternity isthe
strength of one' s belief that thetested man Is
thefather based only on the non-genetic
evidence.



Probability of Paternity

CPI x P
[CPI x P+ (1—P)]

P =Prior Probability; it Isanumber greater than O
and lessthan or equal to 1. In many criminal
proceedingsthe Probability of Paternity is not
admissible. In criminal cases, the accused is
presumed innocent until proven guilty. Therefore,
the defense would arguethat the Prior Probability
should be 0. You cannot calculate a posterior
Probability of Paternity with a Prior Probability of O.

Probability of Paternity (W) =



Probability of Paternity

e IntheUnited States, the court system has

made the assumption that the
ISequal to 0.5. The argument

that ispresented isthat thetested man is
either thetruefather or heisnot. Inthe
absence of any knowledge about which was
the case, It Isreasonableto give these two
possibilities equal prior probabilities.



Probability of Paternity

With a prior probability of 0.5, the
Probability of Paternity (W) =

CPl x 0.5
[CPI x 0.5+ (1-0.5)]

CPI
CPlI +1




Posterior Oddsin Favor of Paternity

Posterior Odds= CPI x Prior Odds
Prior Odds=P/ (1- P)
Posterior Oddsin Favor of Paternity =
CPI x[P/(1-P)]
I the prior probability of paternity is0.7, then
the prior odds favoring paternity is7to 3. If a

paternity test is done and the CPI is 10,000,
then the Posterior Odds in Favor of Paternity =

10,000 x (0.7 /0.3) = 23,333
Posterior Oddsin Favor of Paternity =23,333t0 1



Probability of Exclusion

 Theprobability of exclusion (PE) is
defined asthe probability of excluding a
random individual from the population
given the alleles of the child and the
mother.

* The genetic information of the tested man
ISnot considered in the deter mination of
the probability of exclusion




Probability of Exclusion

 Theprobability of exclusion (PE) isequal
to thefrequency of all men in the
population who do not contain an allele
that matchesthe obligate paternal allele
of the child.



Probability of Exclusion

PE = 1 - (a2 + 2ab)

a = frequency of theallelethe child
Inherited from the biological father
(obligate paternal allele). The
frequency of the obligate alleleis
determined for each of the major
racial groups, and the most common
frequency isused in the calculation.



Probability of Exclusion

(a¢ + 2ab) = Probability of Inclusion

Probability of Inclusion isequal to the
frequency of all men in the population who
contain an allele that matches the obligate
paternal allele of the child.

PE = 1 - Probability of Inclusion



Probability of Exclusion
PE =1 - (a2 + 2ab)

b= sum of thefrequency of all alleles
other than the obligate paternal allele.

b=(1-a)

PE=1-[a’+ 2a(1—a)]

PE =1-[a’+ 2a—2&7]

PE =1 —[2a—&7]

PE=1-2a+a&?

PE = (1 —a)°



Probability of Exclusion

If the Mother and Child are both phenotype
AB, men who cannot be excluded are those
who could transmit either an A or B allele (or
both). In this casethe:

PE =[1- (a+ b)] 2



Combined Probability of
Exclusion

The individual Probability of Exclusionis
calculated for each of the genetic systems (loci)
analyzed. The overall Probability of Excluding
(CPE) afalsaly accused man in agiven case
equals:

1—[(1=PE,) X (1-=PE,) X (1= PE,)... X (1— PEy)]
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Paternity Trio P-354534
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Patern rio P-54534
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Paternity Trio P-54534
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Allele Frequency

15 =0.2463

18 = 0.2219

22 =0.1888



Paternity Trio P-54534
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Paternity Trio P-54534

D3S1358
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Paternity Trio P-54534

D3S1358
(3p)

HUMVWA31
(12p13.3 - p13.2)
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Paternity Trio P-54534

D3S1358
(3p)

HUMVWA31
(12p13.3 - p13.2)
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(4928)
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Paternity Trio P-54534
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Paternity Trio P-54534
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Paternity Trio P-54534
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Paternity Trio P-54534
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Paternity Trio P-54534

D8S1179
(8)

D21S11
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Paternity Trio P-54534

D55818
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12 = 0.3538
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13 = 0.1097

10 = 0.2906



Paternity Trio P-54534

M C AF Pl Formula
D5S818 12 12 8 0.5/
(5q21 - q31) 12
D13S317 12 12 13
+
(13022 - q31) 13 13 1/(a+b)
D7S820 7 8m 10 e

o) 38 10p 11



Paternity Trio P-54534

M C AF Paternity Index

D55818 12 12 8 141
(5921 - g31) 12 '
D13S317 12 12 13 2 39
(13922 - g31) 13 13 '
D7S820 I 8m 10 179
o) 38 10p 11



Paternity Trio P-54534
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Paternity Trio P-54534

D55818
(5921 - g31)

D13S317
(13922 - q31)

D7S820
)

M

12

12
13

N

C

12

12
13

8m
10p

AF

13

10
11

PE

0.4175

0.3382

0.5032



Paternity Trio P-54534
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Paternity Trio P-54534
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Paternity Trio P-54534
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Paternity Trio P-54534
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Paternity Trio P-54534

M C A\ PE
bsss s 1 15 2 o4
I(_IZL;Q/IJ!D gp)t(er) 1? 18& ) 0.7687
i A S X
D16S539 12 13 9 06999

(16p24 - p25) 13 13



Paternity Trio P-54534
13 Core CODIS Loci
Combined Paternity Index 81,424,694
Probability of Paternity 99.99999%

Probability of Exclusion 99.99999%



Popstats
Parentage Calculations

PopStats can only do basic
parentage statistics!



il Popstats 5.3 - [Parentage Target Profile]
E File Edit Profile Case Twpe Configuraktion ‘Window Help

[,

Ead | as| T HiF 7 |
F.nowen Parent: Child: Alleged Farent:
| =] | =] | =]

Locus Allele 1 | Allele 2| -~ | Allele 1 | Allele 2| -~ | Allele 1 | Allele 2| -~ |
0351358
AL,
FiGa
0851173
DZ21511
18551
DESE18
0135317
OFSE20
CSF1FPO
TR
THO
D1ES5539

N

Popstats Can only Calculate with a Complete Trio

(Mother, Child, Alleged Father)




— Popstats Help
Fil= Edik Eoolkrmark. Cpkion=s Help

Contents Se=earch Frintk = = Glozzarp

| FPopstats Calculations

EHBand/=llele O occurrence Fregquencs..
T-TTEFRA/AAEFLE Lo
Fi==d-bin Method
Floatinog-kbin rmethod
EBin—daetermination windooww s
Dhefault bin methodd
e - B Y |
FAlRimurm Allele Freguencss
Founding and Significant Figures Aoplied to BandsAllele Frecquencss
Senotype Frobahbilitys
Frobability of A L ocus Genobtype
Dhefault |l ocus Genobwype Frobabilityy Fornmulase anc Setings
Combined Genoteype FProlbabilit of & D2 Frofile
Inwverse Henobtvpe Frobabilities
Founding and Significant Figures in Senobvype Frobakbilities
Forensic—S=Single Sample Tase
Forensic—multiple samples Case
Confidence Lirmits
FEelatednes=s Statistics
Int=rim Teidling Frinciple
Forensic BMi=dure Chase

FFLF Band “alues Excaeads the RMaxirmurm Band “alues Al owwe ol




Pareniage Case

Inthe Fapstats Farentage Case fype, only the pure parentage calculation is peromed. Cutrently there 15 na reverse parentage or single-parent stafistics calculafion

imnlementad in Papstats. Three DNA profles are loaked atin the Parentage case fype: that afthe known parent (KF), the child (C), and the alleged parent (4F),

Because the knawn parent and chid relatianshin 15 assumed certan, atleast one band/allele of e known parent and child must match af every locus.

Popstats compares the child and alleged parent prafles & each locus, and computes thiee staistical values: Parentage ndex ), Frobabilty of Exclusion (FE), and

Probabity of Parentage (W),

The Farentage Index is & likelihood rafio based on two canditional prababilities: the probabiliy of parentage given thatthe alleged parent i the bialogical parent, and

the probability that the alleged parentis notthe biological parent. The general famula s as follows:

Probability of the genetic observations conditional on parentage

) Probabtlity of the genetic observations conditronal on non - parentage

The exactformula of Plinterms of hand/allele occurence frequencies depends on the obligate parental band/allele and the homozygasity of the alleged parent.




Parentage Case

The Pralality of Parentage () s based upon Bayes' Thearem, |t provides a methad for defermining & postenor prabatility for peventage based upon he DNA

orofles o the known parent, chid and alleged pavent. To perom the Probabilty of Parentaqe calculaton, the user must assign & value forthe prorprobabiity et he

allaged parentis the tue hiological parent. The equation used to calculate s as follows:

P (prior probabiliy)
P (prior probability) #| 1= (pnor probabalty)

Therefare, e parentaqe probabilty of 8 parentage testfor alocus in & papulatian graup i

where ™ s he priar probalily. The priar probatilty i user confiqualle and i defaultvalieis setto the neutel valus of 05, Thetis, we assume there s 8 50%
nrobailty thatthe alleged parent i te hilogical parent ofthe chid and & 50% probahiity thatthe alleged parentis notthe hidlogical parent of e child




Parentage Case

The Frobabiliby of Exclusion (FE) is defined as the probabilty of excluding a randam individual fram the papulation, given the alleles ofthe child and the knawn parent
The DNA profle ofthe alleqed parentis not considerad in calculating the PE. The Frababilty of Exclusion is equal to the frequancy of all he people inthe papulation

who da not contain an allele that matches the obligate patemal allele ofthe child

[fthe phenatypes af the known parent, child, and alleged parent da nat match at ane locus, then ‘incanchusive’ s declared for both the lacus and the enfire parentage
test. ffthe phenotypes ofthe knawn parent child, and alleged parent do nat match athwo or mare laci, then "no match'is declared forthe enfire parentage test. The

fallowing table lists allthe "'matched” cases and their carespanding famulag for Fland FE.

Where
2 15 defined o beﬁi =ma:{[pmm,p!-]f

& and ¢ 12 the hand/allele occurrence fraquency ofthe child

Prin g fre userconfigured minimum frecuency
£ 13 the factorto be used as a conservative correcion in Pl forthe RFLF homozygotes in the alleged parents prafile,

The defaultvaluefor £ 1505,




Farentage Lase

The parentae index (F), profiabiity of exclusion (PE), nd probanity of parentace, 1 are




LIl File Edit  Profile Case Type Configuration  ‘Window  Help

1| B s |hie e oL T

k.nown Farent: Child: Alleged Farent:
1Das | |P54534-4 (2] [Psesaec (2] [Pasasr (3]
Locus | &llele 1 [alele2 | =] [anele1 [anele 2| <] [anele1 [ anelez [ ]
LDIS | Ipe D3s13s8 14 17 15 17 15 16
& | | vwin 6 17 17 18 1820

X FGa 22 22 2
£ | [} pestize 12 12 15 15 16

K D21511 28 a0 IR 28 (32

@ D12s51 15 19 13 15 13 13

| DS |12 12 8 12

X DiasaF 12 13 12 13 13

| D7S820 7 3 3 10 01

X CSFIPD & 12 3 12 12

p TRPOX 10 11 9 10 3

X THOT 7 9 9 8 9

[ D1E5533 12 13 13 g 13




il Popstats 5.3 - [Parentage Statistics]

Edit  Profile Configuration  Windows Help

§l§ Fil=

Case Type

|| b 20 TS R )| k| T
CAL | ELE. |
Locus FE[Z] FI WA k atch
0351368 5. 5806E +01 i 2 B.BI97E+0T res
WA, 5.0544E +01 2 B.926ZE+01 Yes
HEL 6.5805E+01 3 7.2590E+01 Yes
DES1179 9. 7ASEE +01 39 9.7504E+01 Yes
021511 9.5963E+01 33 9.F031E+O0 Yes
D18551 7. 7001 E+01 4 2.0321E+01 Yes
DESE1S 4.1 745E+01 1 5. 8555E +01 Yes
D135317 3.3826E+01 2 7.0S0ZE+01 Yes
D 75820 5.0325E+01 2 B.3243E+01 Yes
CSF1PO 4. 3904E +01 3 FAFFZE+OT Yes
TPO 7.BE7SE+01 g  2.9031E+01 Yes
THOT 5.9722E+01 3 7.5188E+01 Yes
D165529 5. 9990E +01 3 7.5369E+01 Yes
T atal 1.000E+02 ) 81.800000C  1.000E+02 ) ‘es

W =99.99999%

PE =99.99999%




il Popstats 5.3 - [Farentage Statistics]
il% File Edit Profile Case Twywpe Configuration SWindow Help

—dkad

L Yl T S| N

i

-~

Call I BLK
Locus FE[Z] FI W E ) b atch™?
2351368 5.0339E +01 2 6. 3251E+01 Tes
S, 7 AB3ZE +01 4 7. 8E04E +01 e
T 6. 0062E +01 2 6. 3966E +01 e
Las1179 9.1 31 7E+01 11 9.1344E +01 Tes
D21511 9. 7 220E +01 a6 9. 7 27EE +01 e
12551 2.91389E +01 3 2. 993 3E +01 e
DESa1a 4 1525E +01 1 5.8439E +01 e
D135317 1.5296E +01 2 6. 2154E +01 e
Dysaz0 4. 5725E +01 2 6. 0634E +01 e
CSF1P0O 3. ¥ ra6E+01 3 7. 21BEE +01 e
TP 6.6345E +01 = 3. 461 YE+01 e
THO 7. A062E +01 3 7 F495E +01 e
D1E55329 6.9706E +01 3 F.E1YTE+O1 e
Total 1.000E+02 26,950,000 1.000E+02 e




il Popstats 5.3 - [Parentage Statistics]
'ﬁ File Edit Profile Case Type Configuration Window  Help

S

T

i &=

7|

Cll | BLK
Locus PE[%] Fl W[ %] b atch?
(1351358 4 1809E +01 1 H.E589E+M M=
WA, E.BO0TBE+01 3 FATETE+M ‘f'es
FGA, 7. 2386E +0 3 7FMBE+M b=
[B51179 9.4829E +01 19 95021E+M M=
D151 9.7397E +01 38 9F447E+ M=
018551 7. 7828E +01 4 B.0932E+M b=
DE5818 4 BEI0E +01 2 B1222E+M M=
0135317 4. 3891E+01 3 7.ATEEE+M M=
O75820 B 37 73E+01 2 BAEABE+M ‘fes
CSFIPO 4. 0107E+01 3 THE3E+M M=
TP 8.4034E +07 12 9.2311E+M M=
THOT E.E357E+01 3 7.2950E+M ‘f'es
0165539 7.0141E+01 3 TRATZE+M b=
Tatal 1.000E +02 93,130,000 1.000E +02 ez

..............

..............



H Yopsia

W File Edit Profle CaseType Configuration Window Help

89

i || i

?

CAl | BLK SEH

Locus PE[%] P W] Match’!
D1 | A2TIE 1 SA0ED Ve
A 6 4B67E 1 3OTIED Ve
P4 6 76B4E 1 3OTEEA Ve
DETI7S | 9EMIEND 0 OIEWEDT Ve
D215 3 7555E 1 AT Ve
D185 6 3890E 01 3OTME Ve
DES612 5 Q305E 01 ) BRMEAD Ve
DT | ATRIE 3OTBIED Ve
75620 LB13BE D1 2 BAED Ve
CSFIPO 3G4GEE 1 2 LI Vs
TPOX 934126401 0 OAETEAT Ve
THOT BO473E 01 BEEAT Vs
DIBSES | AN 5 OBED Ve
Tatd TOOEAZ 284100000 100E4R Ve

................

................



% Popstats 5.3 Report

KIjEr (AT N R =0 R e 100%  130f52

september 22, 2003 PDDSthS 5.3 Page |
Parentage Calculations Part 1
Fixed Bin
Datshase: C:ACODISTIINCODIS POPDATANFEINSTR
Tser Name: eizenher
Boundaries: 1] Zoao 1aa0oo
Windaows: > 0.0Z5 <» 0.0E5 <> 0.080
Locus Enowm Parent Child Alleged Parent Equation Match?
P-52523-1 P-5g524-C P-545:3-aF Number
D3513E58 14 17 15 op 17 1k 16 z Tes
L, 1a 17 17 18 op 18 z0 4 Tes
FGL o ZZ ap ZE 24 z Tes
Das1179 1z 14 1z 16 op 15 14 4 Tes
DELELL g 20 Za 3E op g 3E 4 Tes
Dlaskl 1k 13 13 op 1k 13 13 z Tes
DEEElE 1Z 1 op g 1Z g Tes
D138317 1z 13 1Z op 13 op 13 & Tes
D7EEED ) a8 a8 10 op 10 11 4 Tes
CEF1PO g 1z g8 op 1Z ap 1z & Tes
TR0 10 11 2 op 10 9 1 Tes
THO1 ) 2 9 ap 2 a Z Tes
D1&8535 1z 13 13 op 9 13 z Tes
op = obligate parentage allele




Popstats Help
Equation Numbers

|
i)
Tl

1l
i'_l',l
T

e =

1
i'_l',l i'_l',l
T (Tl

1l
i'_l',l
TI




Equation Number

FParentage - Case 1

For FEFLEPWEHTERE loci:
rary

Pl = —

oo —
B

For POCERE loci:

1
FI, . =—

loeas




Equation Number
2

Parentage - Case 2

05

Pl = — PEp = (1-5)F

lonx . s
Z

D3S1358 FGA D18S51 THO1

M C AF M C AF M C AF M C AF
14 15 op 9 22 220p 22 15 13 op 13 7 90p 8
17 17 24 19 15 18 9 9



Equation Number

FParentage - Case 3

For VHTE/RFLF loc:




Equation Number
4

Parentage - Case 4

15 "

Pl =— PE, =(1-¢)’

lone s
g

VWA D&S1179 D21S11 D7S820

M C AF M C AF M C AF M C AF
le 17 18 12 12 15 28 28 28 7 8 10
17 180p 20 14 160p 16 30 320p 32 8 100p 11



Equation Number

Parentage - Case 5




Equation Number
6

FParentage - Case 6

For VHTES/FLFE loa:

| L

Fl, . = PE,..=[1-(p + g

Iohoas 25 + T 2

For PCRE loci:
1 . -
:E:IIIZII:IJE- = a :FIE' bhoas - [1 _ I: = + of :I]u

Bt g

CSF1PO
M C AF

3 Sop 12
12 12



Equation Number
7

Parentage - Case 7

|| f]

PI = PE-I.
y t g

b e [1 ) '::1-'-' f t? |]I




% Popstats 5.3 Report
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”
September 22, 2003 PﬂDStﬂtS 5.3 Page 1
Parentage Calculations Part 2

Fixed Bin

Database: ConCODISIINCODIEY POPDATANFEINETR

Tser Name: eizenber

Boundaries: 1] Z0aan looaoa

Mindows: = 0.0ZF == O0_0EF <> 0.080

Population Group: CAU
Probability Parentage Probability

Locus of Exclusion Index of Parentage Match?
D3513E8 L. 6B0cE+0L1 % Z.0300E+00 E.6997E+0L % Tes
WA 6. 0E44E+0] % Z.Z533E+H00 B.926ZE+01 % Tes
FGAa 6. EB0EE+0L % Z.5433E+H00 7.ZE90E+01 % Tes
bDEE1179 2. 74EeE+0L1 & 3.908ZE+H01 2. 7E04E+01 % Tes
Dzls11 2. 6963E4+01 % 3. Z680E+H0L 2.7031E+01 % Tes
D135kl 7.7001E401 % 4_081cE+00 8.03Z1E+01 % Tes
DE5E18 4. 1745E+01 % 1. 41Z3E+00 E_BEEEE+HDL % Tes
Dlz3317 3.38EeE+01 % £.3501E+00 7.050ZE+0L1 % Tes
nD7EEE0 L.O3EZEE+4OL % 1.7z08E+00 £.3243E+01 % Tes
CEF1PO 4 2904E+401 % Z.9633E+H00 7.477FE+H0L % Tes
TR0 7.6873E+01 & g.11&3E+00 g.9031E+01 % Tes
THO1 6. 97ZZE4+01 & 3.0303E+00 7.E138E+01 % Tes
Dleskzs 6.9930E+01 % 3. 0&00E+00 7.E369E+0L % Tes
Total <:E;E?DE+D%/£::> 8. 180E+07 <::E;?DDE+?E;E:> Tes




Population Growp: BLK

Probability Parentage Probability
Locus of Exclusion Index of Parentage Hatch?
D35L358 5. 03398401 § 1. 7Z1ZE+00 o, 3Z51E+01 § Tes
A 7. 46328401 § 3.6728E+00 7.8604E+01 § Tes
FGL 6. 006ZE+01 & £ 22zEE+H0 b.8366E+01 § Tes
DaaL173 3. 13176401 § 1. 1261E+01 3.1844E+01 § Tes
DZlAll 39, TE20E+01 & 3. 5714E+01 3. 7¢7eE+01 § Tes
D1AE5] 8. 3189E+01 § 8. 3928E+00 8.9393E+01 § Tes
DLaals 4, 1525E+01 § 1. 4061E+00 5. 0429E+01 § Tes
0135317 1. 5296E+01 § 1. 6423E+00 o.Z154E+01 § Tes
D70 4, 5T2EE+01 § 1. 5442E+00 o.0634E+01 § Tes
CaF1R0 3.773eE+01 § £ 592TE+00 7.2166E+01 § Tes
TROX 6. 6345E+01 § 5. S006E+00 8. 4617E+01 § Tes
THOL 7.3068E+01 § 3. 4435E+00 7.7435E+01 § Tes
Dledhas 6. 370eE+01 § 3. 0Z85E+00 7.5177E+01 § Tes
Total £.635E+7 Tes



Population Group: SEH

Probability Parentae Probability

Locus of Exclusion Index of Parentage Match?
0351358 4. 1809E4+01 % 1. 4148E+00 E.BEOOE401 & Tes
W4 6.60L6E+01 & 2. BEETEHO0 T.2T2TE401 & Tes
PR 7.230cE401 § 3. 351ZE+00 7.7018E401 & Tes
DEs1173 9.4329E+01 % 1.9084E+01 3.50Z1E401 &% Tes
021511 3. T397E4+01 & 3.8168E+01 3. 7447E4+01 & Tes
D1855] 7.7828E401 % 4, Z445E+00 8.033ZE401 % Tes
DLEala 4. 6630E4+01 & 1. 5788E+00 6.122ZE401 Tes
0138317 4, 3891E+01 % Z.9630E+00 7.4766E+01 & Tes
D758z0 EL3TTIE40L & 1. 8748E+00 6.5Z15E+01 & Tes
C3FLED 4.0107E4+01 % z.TET0E+00 7.3169E401 & Tes
TP 8. 4034401 % 1.Z005E+01 3.2311E401 &% Tes
THOL 6.6357E+0L & 2. 6363E+00 T.2350E401 % Tes
D1ES533 7.0141E401 & 3. 0763E+00 T.547ZE4+01 & Tes
Total 3. 313007 Tes



% Popstats 5.3 Report

(M) [4] 22

D0 = & &

Tatal:52 100% 52 of52

Septernber 22, 2003 Popstats 5.3 Fage 2
Parentage Calculations Part 2

Fixed Bin

Database: C:WCODISTITHCODISY POPDATANFEINETR

Uzer MName: eizenhber

Eoundaries: ] Z00o 10000

Tindows: ¥ 0.025 < 0,025 <= 0.080

Population Group: SWH
Probability Parentage Probability
Locus of Exclusion Index of Parentage Match?
D3313E8 3. ES71E+01 & 1.1743E4+00 E.4007E+01 % Tes
WA 6. 4867E+01 & g. E594E+00 7.1954E+01 % Tes
FG4a £.7EE4E+0]1 & Z.8201E+4+00 7.3823E4+01 & Tes
bDas117a 9.E141E+01 % Z.03z5E+01 9_EZ11E+4+01 % Tes
bZ1511 2. 7ELRLRE+OL & 4 0550E+01 2_TESSE+0L & Tes
b13551 £.8520E+01 % 2. 341 ZE+00 7.4527E+01 & Tes
bDE3318 E.0Z25E+01 % 1. 7z0eE+00 £.3Z43E+01 % Tesz
bD135317 4 1541E+01 % Z.81593E4+00 7.3817E4+01 & Tes
D7E8z0 4 _2136E+01 % 1. &329E+400 6. Z019E+01 % Tes
CEF1ER0 3.E43cE+01 & 2. 4734E+00 7.1Z10E+01 % Tes
TROX 9. 341ZE+4+01 % Z.95851E+01 S_G67ESE+0L & Tes
THOL g.0473E+01 % 4 8E91E+00 g8.E93ZE+01 % Tes
DlesL3a g.028%E+01 % 4. 335eE+00 g.EZ864E+01 % Tesz
Tatal 1. 0C00E+0Z % Z.841E+08 1. 0C0C0E+0Z % Tes
Specifications
Conservatiwe Practice for Handling Single Paternal Bands = 0.5
Prior probabilty = 0.5



Popstats Cannot Correctly
Calculate Parentage Statistics
in
Non-Typical Cases



Par entage StatisticsIn
Non-Typical Cases

- Mutation/Recombination — Tested
man does not match at a single
genetic locus

* Tested Man is not the biological
father but is related to the
biological father (brother, son,
or father)



il Popstats 5.3 - [Parentage Target Profile]

l File Edit Profile Case Twpe Configuraktion Window Help
| Bl |eds|T|hE | 1] T
k.nown Farent: Child: Alleged Farent:
LDas | (P-41411-M (2] [Fas1c (2] [Paqitar 2]
Locus Allele 1 | Allele 2 - Allele 1 | Allele 2 | - Allele 1 | Allele 2 |+
LDIS | | D3s1358 14 15 14 14 15
& | Wwa 18 19 18 19 15 17 >
X FGA 23 <3 74 S 21 23
ﬁ [® D851173 10 14 14 15 13 15
[ D21511 28 30 29 0 28 29
[ Di18551 14 17 14 17 14
[ DES818 11 13 11 11
™ 0135217 10 12 a 12 g 11
[ D7s820 9 10 3 11 a 11
® CsSFiPO 8 12 o 12 10 12
P TPOX 3 11 o 11 a 11
[* THO 7 7 9 E q
[ Di1E5S533 12 11 12 11 12




il FPopstats 5.3 - [Parentage Statistics]
il* Fil= Edit Profile Case Type

Configuraktion

Whindow  Help

5|91

b | ol | Tl |

i

-

CAU ELE T
Locus | PE[%] (%) b atch?

L2351 3558 | S BT EE 1] e
T, Mo P
FGA B ESTOETT I v | 3 U ez
0251179 7.9263E +01 5 2. 2002E +01 s
021511 6.70G0E +01 c 7. 3411E+01 ‘res
018551 4. 5011E +01 2 7.5239E +01 s
055818 3. 4775E +01 2 7.0907E +01 res
0135317 2.1090E +01 5 2. 34032E +01 s
D7SS20 5.3620E +01 2 7.12265E+01 res
CSF1PO 4. 3904E +01 1 5. 9709E +01 ez
TPOx 4.0304E +00 1 5.5617FE+01 res
THO 6.9722E +01 3 7.5192E+01 ez
0165539 5. 2955E +01 2 5.4742E+01 res

T atal 1.000E +02 122,900 1. 000E+02 Inconclusive




Septernber 27, 2003 Pupstats 5.3 Page |
Parentage Calculations Part 1
Fixed Ein
Databasze: C:ACODISIINCODIS POPDATANFEINSTR
Uzer Name: eizenher
Boundaries: a 2000 1aa0an
Mindows: > 0.0E5 <= 0025 <= 0.080
Locus Enowm Parent Child Alleged Parent Equation Match?
F-41411-H F-41411-0 F-41411-&F Number
D381358 14 Lt Ll 14 1 . Tes
UL 13 19 16 19 15 17 T
FGA 23 ! £l op i Z1 e Z Tes
DEs117s 10 14 14 15 op 13 15 4 Tes
DE1511 Z8 30 £9 op 30 Z8 £9 Z Tes
D1835EL 14 17 14 op 17 op 14 & Tes
DEsale 11 13 11 op 11 1 Tes
D135317 10 12 g op 12 8 11 Z Tes
D75az0 g 10 g 11 op 8 11 4 Tes
CEFLPO : 1 g op 1Z op 10 1 7 Tes
TROX 8 11 g op 11 op 8 11 L Tes
THOL 7 2 op & 2 q Tes
D1eaE3s 12 11 op 12 11 12 Z Tes

op = obligate parentage allele



September 27, 2003 PﬂDStﬂtS 5.3 Page |
Parentage Calculations Part 2

Fixed Ein

Database: C:ACODISIINCODIS, POPDATANFEIN 3TR

Uzer Name: eizsenber

Boundaries: I Z000 10a0aa

Mindows: * 0.0k == 0.0E5 = 0.080

Population Group: CRU
Probability Parentamge Probability
Locus of Exclusion Index of Parentage Matech?
D3B1358 7 _2291E4+01 & 2 CE1AE400 2 B07EE401 § Tes
—ImA o —

FGL &.8310E+01 % Z.Ge8loE+00 T 4Z39E+01 % Tes
DEs1173 T_9Z63E+01 & 4 SET9E400 2_Z008E4+0L % Tes
DE1511 & 7060E+0L % 2. 7609E+00 7.3411E+01 % Tes
D1EEEL 4_EO011E+01 % 3.0386E+00 T_REIFEHOL % Tes
DEE8le 3_477EE+01 % Z.437ZE4+00 7_0507E+01 % Tes
0135317 2_10%0E+01 % L. 0ZE1E+00 8. 3403E+01 % Tes
D7E8ED B.3680E+0L % Z.475ZE+00 T lZZEE+0L % Tes
CEF1PO 4_3504E4+01 % 1.4819E+4+00 E_9703E+01 % Tes
TROX 4_0504E4+00 % 1. ZE31E400 E_EE17E4+0L % Tes
THO1 B 97ZEEH0L & 3.0303E+00 7_E188E+01 % Tes
D1EEE3S E_ESEEE+OL % 1.836ZE+00 & 4747E+01 % Tes
Total C1.o00m+0z 8O C_1.zzsmtos > L.0DOEHZ  Ineonclusive D




Case Scenario

A mother, child, and alleged tather
have been analyzed with the 13 core
CODIS STR loci, the alleged father
cannot be excluded at 12 loci, however,
there is a single non-matching system
(single inconsistency), the alleged
father does not contain the obligate
paternal allele found in the child at one
locus.



Three possible explanations

can be consider ed:

1. The alleged father is excluded as the
biological father of the child and is
unrelated to the true biological father.

2. A mutation or recombination event has
occurred altering the allele inherited
from the AF by the child.

3. The tested man is not the biological
father, but is a 1st order relative of the
true biological father, and shares the
majority of alleles contributed to the child
with the biological father.



Single Inconsistencies 1n

Paternity Testing

e The American Association of Blood Banks,
In their standards for parentage testing
|aboratories, has recognized that mutations
are naturally occurring genetic events, and
the mutation frequency at a given locus
shall be documented (5.4.2).

e Standard 6.4.1 — An opinion of non-
paternity shall not be rendered on the basis
of an exclusion at asingle DNA locus
(single inconsistency).



Mutations in Paternity Testing
The“Two Exclusion Rule”

« A singleinconsistency Is not sufficient to render
an opinion of non-paternity, therefore, two
Inconsistencies have been traditionally considered
genetic evidence to exclude a tested man and to
Issue afinding of non-paternity. Thisrule has
been commonly applied in both serological
systems and RFL P testing. However, since STR
analysis often examines a battery of a dozen or
more systems it Is not unexpected to occasionally
see two Inconsistencies in cases were the tested
man is the true biological father.



Mutations in Paternity Testing
Calculating a Paternity Index

n cases with a single non-matching system, the
aboratory cannot simply ignore the inconsi stent
ocus. A paternity index must be calculated for
the inconsistent |ocus, which takes into account
the possibility of a mutation.

he paternity index for a single inconsistency
seen in the 13 Core CODIS STR loci Isa
relatively small number. The system Pl is
greater than zero but substantially less than one.




Single Inconsistency
Calculating a Paternity Index

—

Mother Alleged Father

Child



Single Inconsistency

Numerator
Person Type
Mother AB

Child BC

Alleged Father DE

In order to explain this evidence Calculate Probability that

a) Woman randomly selected from population 1s type AB

b) Man randomly selected from population 1s type DE, and
¢) Their child 1s type BC



Single Inconsistency

Numerator
Person Type
Mother AB

Child BC

Alleged Father DE

In order to explain this evidence the numerator must
calculate the probability that a man without a C allele
will contribute a C allele

X = P(man without C allele will contribute C allele)

= P(contributed gene will mutate) x P(mutated gene will be a C)



Single Inconsistency
Numerator

X = P(man without C will contribute C)

X = P(contributed gene will mutate)
x P(mutated gene will be a C)

1 = observed rate of mutations/meiosis for the locus

P(mutated gene will be a C) ie. Frequency of C allele = C

XZ]JXC



Single Inconsistency

Calculating a Paternity Index
Numerator

0.5 uwX C

Probability = 2ab x 2de x 0.5 x W x C



Single Inconsistency

Denominator
Person Type
Mother AB

Child BC

Alleged Father DE

In order to explain this evidence Calculate Probability that

a) Woman randomly selected from population 1s type AB

b) An alternative man randomly selected from population
is type DE, and

¢c) The woman’s child, fathered by random man, is type
BC



Single Inconsistency

Denominator
Person Type
Mother AB

Child BC
Alleged Father DE

In order to explain this evidence the denominator
must calculate the probability that the paternal allele
1s C and a random man would have a genotype
inconsistent with paternity at this locus

Y = P(paternal allele 1s C and random man has no C allele)

= P(paternal gene 1s C) x P(random man has no C allele)



Single Inconsistency
Denominator

Y = P(paternal allele 1s C and random man has no C allele)

= P(paternal

| gene 1s C) x P(random man has no C allele)

P(paternal all

ele will be a C) ie. Frequency of C allele = C

P(random man has no C allele) = probability of exclusion

The AABB does not use the case specific power of exclusion,
but the mean power of exclusion (A)

Y=c-A



Single Inconsistency

Calculating a Paternity Index
Denominator

_-C x A
0.5

Probability = 2ab x 2dex 0.5 x c x A



Pl =

Pl =

Single Inconsistency
Paternity Index

ZébXZﬂéXO\SXH:X\S\
2ab x 28e x ONS X% x A

B

A



Mutation Rates and M ean Power of
Exclusion for CODIS Core STR Locl

L ocus Mutation Rate Mean PE
CSF1PO 0.0013 0.455
TPOX 0.0005 0.537
THO1 0.0003 0.503
vWA 0.0034 0.667
D16S539 0.0013 0.590
D7S820 0.0019 0.648
D13S317 0.0017 0.582
D5S818 0.0017 0.566




Mutation Rates and M ean Power of
Exclusion for CODIS Core STR Locl

L ocus
FGA
D8S1179
D18S51
D21S11
D3S1358

Mutation Rate

0.0030
0.0019
0.0032
0.0010
0.0010

M ean PE

0.750
0.554
0.740
0.791
0.596



Mutation Rates and M ean Power of
Exclusion for Additional STR Loci

L ocus Mutation Rate Mean PE
-13A01 0.0009 0.577
~ESFPS 0.0007 0.620
-13B 0.0005 0.507
_IPOL 0.0012 0.451

PENTA E 0.0012 0.797



Single Inconsistency

HUMCSF1PO

HUMTPOX

HUMTHO1

HUMVWAZ31

P-41411

M C

12 12

38 38

11 11

8 8

14 9p
m

19 19m

18 16p

AF

12
10

11
38
9
6

17

15

Pl Formula

0.5/(a+b)]

1/(a+b)
0.5/a

u/K
(0.0034/0.667)



Single Inconsistency

HUMCSF1PO

HUMTPOX

HUMTHO1

HUMVWAZ31

P-41411

M C

12 12

38 38

11 11

8 8

14 9p
m

19 19m

18 16p

AF

12
10

11
38
9
6

17

15

Paternity Index

1.52

1.25

3.03

0.005



D16S539

D75820

D13S317

D5S818

Single Inconsistency

P-41411
M C
12 12m
11p
10 11p
9 Om
12 12m
10 8p
13 11

11

AF

12
11

11
10

11
38

11

Pl Formula

0.5/a

0.5/a

0.5/a

1/a



D16S539

D75820

D13S317

D5S818

Single Inconsistency

P-41411
M C
12 12m
11p
10 11p
9 Om
12 12m
10 8p
13 11

11

AF

12
11

11
10

11
38

11

Paternity Index

1.84

2.48

5.03

2.44



FGA

D18S51

D21S11

D351358

D8S1179

Single Inconsistency
P-41411

M C I\ = Pl Formula

% 5ip 21 0.5/
BOn M e
% s9p 28  0-5/a
15 1415 g5/
0 iam 13 0.5/



Single Inconsistency
P-41411

M C AF Paternity Index

% 3R e
D18S51 7T 14 3 04
TS R gy 27
D3S1358 12 14 12 3 56
T8 B e



Paternity Triowith a Single
| nconsistency

12 STR without vWA

Combined Paternity Index 126,476
Probability of Paternity 99.9992%

Single Inconsistency at vWA
Combined Paternity Index 632
Probability of Paternity 99.84%



Single Inconsistencies 1n
Paternity Testing

A mutation may be one of the possible
explanations, the genetic results could
suggest that a close relative (such as a
brother, child or father) may be the
biological father.



Single Inconsistencies 1n
Paternity Testing

When considering brothers, on
average a tested man and his
brother will share 50% of their
alleles... each can contribute these
alleles in a random manner. This is
also true between a father and son of
a tested man.



Avuncular Index
Al

We can use the development of a likelihood
ratio to test two competing hypotheses:

H,: The tested man’s brother is the
biological father of the child

H,: A random man is the biological
father of the child



Avuncular Index

Numerator

H,: The tested man’s brother is the
biological father of the child




Avuncular Index

Denominator

H,: A random man is the biological
father of the child

H,=Y



Avuncular Index
Al

The Avuncular Index for any system
can be written as:

0.5X+0.5Y
Al = —————
Y
PI+1
Al =

2



Single Inconsistency

P-41411
M C AF Paternity Avuncular
Index Index
HUMCSF1PO 12 12 12 4 52 1 26
8 8 ] )
HUMTPOX 11 11 11

s & g 125  1.13

HUMTHO1 I4 9p 9
P4 3.03 202

HUMVWAZ31 19 199m 17

s 1o 15 0005  0.50



Single Inconsistency

P-41411
M C AF Paternity Avuncular
Index Index
D16S539 12 12m 12 1 84 1 42
11p 11 ] ]
D7S820 10 11p 11

o om 10 2.48 174

D13S317 12 12m 11
0 8 g 5.03  3.02

D55S818 13 11 11 2 44

> 1.72



Single Inconsistency

P-41411
M C AF Paternity Avuncular
Index Index

FGA 24 2dm 23
24 24m 23 288 1.94

D18S51 17 17 14
VA 3.0 2.02

D21S11 30 30m 29
30 3m 2 276 1.88
D3S1358 1451 14 12 3 56 2 28

D8S1179 14 15 15
14 1% 15 456 2.78



Paternity Triowith a Single
| nconsistency

13 Core CODIS STR Loci
Combined Paternity Index 632

Combined Avuncular Index 862



Single Inconsistency

P-41411
M C AF Paternity Avuncular
Index Index

F13A01 { { 12
o 4.83 2.92

FESFPS 11 11 11
g 1141 121
F138 ° 9 & 206 1.53

LIPOL 10 10 13
11 e 16.95 8.98

PENTA E 14 13 13
14 1% 13 385 2.43



Paternity Triowith a Single
| nconsistency

18 STR Loci
Combined Paternity Index 578,603

Combined Avuncular Index 101,683



We can use a likelihood ratio to test two
competing hypotheses:

H,: The tested man (alleged father) is
the biological father of the child

H,: The tested man’s brother is the
biological father of the child



We can use a likelihood ratio to test two
competing hypotheses:

Combined Paternity Index

Combined Avuncular Index

578,603
101,683

= 5.69

The observed genetic results are 5.7-times more
likely to occur under the scenario that the tested
man is the father of the child, as opposed to the
scenario that the tested man was the uncle of the
child.



PowerPlex™ 16 System

Extremely Useful in Cases with
a Single Non-Matching Locus



P-52147 Case of Single Exclusion

100 1350 200 2320 00 <400

D351 352 THO1 L2151 D13551 Fenta E
S2147 M5, [e2/27/01 Z Blue S2147 M

|

[ie]

S2147 A5 e2/27/01 4 Blue S2147C

g

S2147 BS.. 12727701 S Blue S2147 &F




P-52147 Case of Single Exclusion

130 200 230 200 230

L35518 L1353517 [ DVSE20 1 &5539 CSF1FRO
52147 MS...1e2/27/01 3 Green 52147 M

!

m ™ @

52147 &S 1e2/27/01 4 Green 52147 C

101 I
D BN E

52147 BS..1e2/27/01 S Green S2147 AF Single Exclusion

%%@




P-52147 Case of Single Exclusion

oo 120 140 10 120 200 220 240 260 280 300 3220 340 3s0 80

. . v 251173 TEO- FiG &
52147 M5, 1e2/27/01 3 Yellow S2147 M

S2147 A5 12727701 4 Yellow S2147 C

L

SZ2147 B5.. . 1e2/27/01 S ¥Yellow 52147 AF




P-52147 Case of Single Exclusion
PowerPlex™ 16 System

13 STR loct minus PentaD & Penta E

Residual Combined Paternity Index 1,914
Probability of Exclusion 99.99997%
Probability of Paternity(prior=0.5) 99.95%

15 STR loci with PentaD & Penta E

Residual Combined Paternity Index 37,699
Probability of Exclusion 99.999998%
Probability of Paternity(prior=0.5) 99.997%



Popstats Cannot Correctly
Calculate Parentage Statistics
in
Non-Typical Cases



What if We Don’t Have the
Mother’s Genetic Data?

Popstats Cannot Calculate the Paternity Statistics
Without the Known Parent (Mother)

We can still develop a likelihood
estimation for parentage.

Lets examine the following logic:



E Popstats 5.3 - [FParentage Target Profile]
E File Edit Profile Case Twpe Configuration ‘Window Help

P o7 | B ) w| P

i

=i known Farent: Child: Alleged Farent:
LDas | |Mot Tested B EDES BRESEEE
Locus Allele 1 | Allele 20 Allele 1 | Allele 2 ) Allele 1 | Allele 2| -
LDIS | I D351358 16 17 17 18
& | [T v 13 20 15 210
[ FGA 22 23 22 23
ﬁ ™ D8s51173 15 13 15
[ D21511 30 32,2 28 20
[ D18s551 13 17 12 17
[ Des5818 12 13 11 13
[ D13537 11 14 = 11
[ D7s820 8 10 10 12
[ CSFIPD 12 13 11 13
[ TPO= g 3 g 11
 THO 9.3 3 9.3
[ D1B5539 10 11 11 12

Popstats Can only Calculate with a Complete Trio

(Mother, Child, Alleged Father)



Paternity | ndex
Only Man and Child Tested

Observe two types — from aman and a child

Assume true duo— the man is the father of the
child

Assume false duo — the man is not the father of
the child (smply two individuals selected at
random)

In the false duo the child’ s father is a man of
unknown type, selected at random from
population (unrelated to tested man)



Paternity | ndex
Only Man and Child Tested
Hypothetical case

DNA Analysis Results in Two Genotypes

M other Not Tested
Child \=)
Alleged Father (AC)




Motherless Paternity Index

Pl determination in hypothetical DNA System

Pl =X/Y
Numer ator
X = Isthe probability that (1) a man
randomly selected from a population

Istype AC, and (2) hischild istype
AB.

X = Pr{AF passes A} x Pr {M passes B} +
Pr{AF passes B} x Pr{M passes A}



Motherless Paternity Index

Pl determination in hypothetical DNA System
Pl =X/Y

Denominator

Y = Istheprobability that (1) a man
randomly selected and unrelated to
tested man istype AC, and (2) a child
unrelated to therandomly selected
man ISAB.

Y = Pr{RM passes A} x Pr {M passesB} +
Pr{RM passes B} x Pr{M passes A}



Motherless Paternity Index

 When the mother’s genetic datais
present, Pr{M passes A} is0, 0.5, or 1,
and Pr{M passesB} is0, 0.5, or 1

o Without the mother’sdata, Pr {M passes
A} becomesthe frequency of the gametic
allele, pand Pr {M passes B} becomesthe
frequency of the gametic allele, g.



Motherless Paternity Index

o, If we have a heter ozygous child AB, and a
heter ozygous Alleged Father AC then
X = Pr{AF passes A} x Pr {M passes B} +

Pr{AF passes B} x Pr{M passes A}

X = Pr{AF passesA} x g+ Pr{AF passesB} x p
Pr{AF passes A} = 0.5
Pr{AF passesB} =0

X= 05xg+0xp

X = 059



Motherless Paternity Index

o, If we have a heter ozygous child AB, and a
heter ozygous Alleged Father AC then

Y = Pr{RM passesA} x Pr {M passesB} +
Pr{RM passes B} x Pr{M passes A}
Y= pXg+gxp

Y = 2pg



Motherless Paternity Index

o, If we have a heter ozygous child AB, and a
heter ozygous Alleged Father AC then

Pl =X/Y
X =0.5¢9
Y =2pQ
Pl =0.5q9/ 2pQ
Pl =0.25/p

Pl = 1/4p



Paternity | ndex
Only Man and Child Tested

Parents @ ?—m

Y| AF

Child

C
The untested Mother could have passed either

the A or B allele
AF has a 1 in 2 chance of passing A allele

RM has (p + q) chance of passing the A or B allele



Paternity | ndex
Only Man and Child Tested

®



Paternity | ndex
Only Man and Child Tested

Numerator

Probability = 2p,pc X 2paPg X 0.5y X Pg



Paternity | ndex
Only Man and Child Tested

Denominator
Q. E=»
Pat Ps ~Pa™ Ps
k’
2PaPR
probability =

2PpPc X 2PaPg X (P(ma) X P(re) + Pms) X P(fa))



Paternity | ndex
Only Man and Child Tested

Bl = \ZPAQ \ZPAQ:XOS(mA)XPB
\plvllgxmx (P(ma) X Pty T Pmp) X Pa))

0.5pg
Pl =

2PpBs

0.25
Pl =

Pa



Paternity | ndex
Only Man and Child Tested

Parents @ ?—“

Y| AF

Child

C
The untested Mother could have passed either

the A or B allele
AF can only pass A allele

RM has (p + q) chance of passing the A or B allele



Paternity | ndex
Only Man and Child Tested

@



Paternity | ndex
Only Man and Child Tested

Numerator

Probability = p,? X 2papg X 1) X Pg



Paternity | ndex
Only Man and Child Tested

Denominator
Q @~
Pat Ps ~Pa™ Pa
k’
2PAPg @
probability =

Pa% X 2PaPs X (P(may X Ps) + Pmp) X P(fa))



Paternity | ndex
Only Man and Child Tested

o| = \R&zxm X 1may X Pg
m Zp\As'S{( (P(ma) X Py + Pims) X Pra))

~ Bs
Pl= 2PAPs
0.5
P =

Pa



Paternity | ndex
Only Man and Child Tested

Parents @ ?—m

Y| AF

Child

C
The untested Mother could have passed either

the A or B allele
AF can pass either A or B allele

RM has (p + q) chance of passing the A or B allele



Paternity | ndex
Only Man and Child Tested

®



Paternity | ndex
Only Man and Child Tested

Numerator

Probability =
2PaPg X 2PaPs X (0.5(fa) X Pg + 0.5(t5) X Pa)



Paternity | ndex
Only Man and Child Tested

Denominator
Q. E=»
Pat Ps ~Pa™ Pa

"
2PaPs @
probability =

2PpaPg X 2PaPg X (P(ma) X P(re) + P(mB) X P(sa))



Paternity | ndex
Only Man and Child Tested

_ 2PnRg X 2PaRg X (0.5(;) X Pg + 0.5(z) X Pa)
ZPnRs X 2PaPg X (P(ma) X P(rs) T P(ms) X Pta))

o

0.5pg + 0.5p,
Pl =
2paPg
P = Pa T Pg

4paPg



Paternity | ndex
Only Man and Child Tested

Parents @ ?—u

Y| AF

Child

C

The untested Mother would have to pass an A allele

AF can pass only the A allele
RM has p chance of passing the A allele



Paternity | ndex
Only Man and Child Tested

@

hof



Paternity | ndex
Only Man and Child Tested

Numerator

Probability = p,? X pp% X 1) X Pa



Paternity | ndex
Only Man and Child Tested

Denominator
Q G-~
pA _ - - - pA
k -
%

probability = p,* X Pa® X P(may X P(sa)



Paternity | ndex
Only Man and Child Tested

B’ X Ba? X 1) X Pa

Pl =
Ba? X Bp? X Pma) X Pfa)
Pl = P
Ba X Pa
1
Pl =

Pa



Paternity | ndex
Only Man and Child Tested

Parents @ ?—M

Y| AF

Child

C

The untested Mother would have to pass an A allele

AF would have to pass the A allele
RM has p chance of passing the A allele



Paternity | ndex
Only Man and Child Tested

®

hof



Paternity | ndex
Only Man and Child Tested

Numerator

Probability = 2p,pg X pa? X 0.5.¢4) X Pa



Paternity | ndex
Only Man and Child Tested

Denominator
Q_ Bl
p - pA
k -
%

probability = 2p,pg X Pa® X P(may X P



Paternity | ndex
Only Man and Child Tested

2PrRg X PaZ X 0.5(ra) X Pa

Pl =
ZPrPs X Pa’ X Pma) X Pfa)
ol = 0.5p4
Ba X Pa
0.5
Pl =

Pa



Paternity | ndex
Only Man and Child Tested

Formulas
Single locus, no null alleles, low mutation rate,
codominance
C AF Numerator Denominator PI PE
AB AC 0.5b 2ab 0.25/a [1-(a+ b)]?
AB AB 0.5(atb) 2ab (atb)/4ab [1-(a+ b)]?
AB A b 2ab 0.5/a [1-(a + b)]?
A AC 0.5a a2 0.5/a (1-a) 2

A A a a2 1/a (1-a) 2



MOTHERLESS PATERNITY
CASE P-41376

C AF Allele
Frequencies

HUMCSF1PO 10 11 10 =0.25269
(5033.3 - q34) 11 12 11 =0.30049

HUMTPOX 8 8  8=0.54433
(2p23 - 2pter) 11 11 11 =0.25369
HUMTHO1 6 6  6=0.22660
(11p15.5) 93 7 9.3=0.30542
HUMVWA31 15 16  15=0.11224

(12p13.3 - p13.2) 16 16 = 0.20153



MOTHERLESS PATERNITY
CASE P-41376

HUMCSF1PO
(5933.3 - q34)

HUMTPOX
(2p23 - 2pter)

HUMTHO1
(11p15.5)

HUMVWA31
(12p13.3 - p13.2)

C AF Pl Formula
10 11 0.25/a
11 12

8 8 (at+b)/4ab
11 11

6 6 0.25/a
9.3 7

15 16 0.5/a
16



MOTHERLESS PATERNITY
CASE P-41376
C

HUMCSF1PO
(5933.3 - q34)

HUMTPOX
(2p23 - 2pter)

HUMTHO1
(11p15.5)

HUMVWA31
(12p13.3 - p13.2)

AF Pl

10 11 0.83
11 12

38 8 1.44
11 11

6 6 1.10
9.3 I

15 16 2.48
16



MOTHERLESS PATERNITY
CASE P-41376

HUMCSF1PO
(5933.3 - q34)

HUMTPOX
(2p23 - 2pter)

HUMTHO1
(11p15.5)

HUMVWA31
(12p13.3 - p13.2)

C AF PE Formulas
10 11 [1-(a+b)]?
11 12

8 8 [1-(a+b)]?
11 11

6 6 [1-(a+b)]?
9.3 7

15 16 [1-(a+b)]?
16



MOTHERLESS PATERNITY
CASE P-41376
C

AF =

HUMCSF1PO 10 11 0.1988
(5033.3 - q34) 11 12

HUMTPOX 8 8 0.0408
(2p23 - 2pter) 11 11
HUMTHO1 6 §) 0.2190
(11p15.5) 9.3 I4
HUMvVWAS31 15 16 0.4709

(12p13.3 -p13.2) 16



MOTHERLESS PATERNITY
CASE P-41376

C AF Allele

Frequencies
D16S539 12 11 12 = 0.33911
(16p24 - p25) 13 12 13 =0.16337
DYAST YA 11 11 11 =0.20197
(79) 12 14 12 =0.14030
D13S317 11 11 11 =0.31888
(13922 - q31)
D5S818 11 11 11 =0.41026

(5921 - q31) 13 12 13 =0.14615



MOTHERLESS PATERNITY
CASE P-41376

C AF Pl Formulas
D16S539 12 11 0.25/a
(16p24 - p25) 13 12
D7S820 11 11 0.25/a
(79) 12 14
D13S317 11 11 1/a
(13922 - q31)
D5S818 11 11 0.25/a

(5g21 - g31) 13 12



MOTHERLESS PATERNITY

CASE P-41376

AF

D16S539
(16p24 - p25)

D7S820
(79)

D13S317
(13922 - q31)

D5S818
(5921 - q31)

C

12
13

11
12

11

11
13

11
12

11
14

11

11
12

o

0.74

1.24

3.14

0.61



MOTHERLESS PATERNITY

CASE P-41376

D16S539
(16p24 - p25)

D7S820
)

D13S317
(13922 - g31)

D5S818
(5921 - q31)

C

12
13

11
12

11

11
13

AF

11
12

11
14

11

11
12

PE Formulas

[1-(a+b)]?

[1-(a+b)]?

(1-a)?

[1-(a+b)]?



MOTHERLESS PATERNITY
CASE P-41376

C AF PE

D16S539 12 11 0.2475
(16p24 - p25) 13 12

DYAST YA 11 11 0.4325
(79) 12 14

D13S317 11 11 0.4639
(13922 - q31)

D5S818 11 11 0.1968

(5g21 - g31) 13 12



MOTHERLESS PATERNITY
CASE P-41376
C

AF Allele

Frequencies
FGA 19 19 19=0.05612
(4928) 21 25 21=0.17347
D18S51 16 16 16=0.10714
(18921.3) 20
D21511 29 28 29=0.18112
(21911.2 - 921) 29
D3S1358 15 15 15=0.24631
(3p) 18 17 18 =0.16256
D8S1179 11 11 11 = 0.05867
(8) 13 13 13 =0.33929



MOTHERLESS PATERNITY
CASE P-41376

C AF Pl Formulas

FGA 19 19 0.25/a
(4928) 21 25

D18S51 16 16 0.5/a
(18921.3) 20

D21S511 29 28 0.5/a
(21911.2 - 921) 29

D3S1358 15 15 0.25/a
(3p) 18 17

D8S1179 11 11 (at+b)/4ab
(8) 13 13



MOTHERLESS PATERNITY
CASE P-41376

C AF P
FGA 19 19 4.45
(4928) 21 25
D18S51 16 16 4.67
(18921.3) 20
D21S11 29 28 2.76
(21911.2 - g21) 29
D3S1358 15 15 1.02
(3p) 18 17
D8S1179 11 11 5.00
(8) 13 13



MOTHERLESS PATERNITY
CASE P-41376

C AF PE Formulas

FGA 19 19 [1-(a+b)]?
(4928) 21 25

D18S51 16 16 (1-a)?
(18921.3) 20

D21S11 29 28 (1-a)?
(21911.2 - g21) 29

D3S1358 15 15 [1-(a+b)]?
(3p) 18 17

D8S1179 11 11 [1-(a+b)]?
(8) 13 13



MOTHERLESS PATERNITY
CASE P-41376

C AF PE
FGA 19 19 0.5935
(4028) 21 25
D18S51 16 16 LY.
(18921.3) 20
D21S11 29 28 0.6706
(21g11.2 - g21) 29
D3S1358 15 15 0.3944
(3p) 18 17
D8S1179 11 11 0.3625
(8) 13 13



Motherless Paternity
13 Core CODIS Loci

Combined Paternity Index 1,676
Probability of Paternity 99.94%

Probability of Exclusion 99.94%



PowerPlex™ 16 System

Extremely Useful in Cases
Where the Mother is Not Tested
(Motherless Cases)



PowerPlex™ 16
Motherless Case P-54137
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PowerPlex™ 16
Motherless Case P-54137
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PowerPlex™ 16

Motherless Case P-54137
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Motherless Case P-54137
PowerPlex™ 16 System

13 STR loci minus PentaD & PentaE
Combined Paternity Index 1,050
Probability of Exclusion 99.98%
Probability of Paternityprio=os) 99.90%

15 STR loci with PentaD & Penta E

Combined Paternity Index 12,340
Probability of Exclusion 99.997%
Probability of Paternity(prior=0.5) 99.992%



Popstats Cannot Correctly
Calculate Parentage Statistics
in
Non-Typical Cases



Popstats Cannot Currently
Calculate Parentage Statistics
For The ldentification Of
Human Remains

Rever se Parentage Testing



Reverse Parentage Testing

Applications

Unidentified remains

Victims of Mass Disasters
Crime Scene Evidence
Kidnapped or Abandoned Babies

YVV VYV



REVERSE PARENTAGE INDEX
BODY IDENTIFICATION

ALLEGED EVIDENCE ALLEGED
MOTHER FATHER
| A



Reverse Parentage Testing

Three genotypes.

* Alleged Mother
e Child (missing)
* Alleged Father



Reverse Parentage
Analysis

Missing child scenario

. 0
" ’.
* *
. *
* *
” *
0: : *



Reverse Parentage Index
RPI =X /Y

Numer ator

X = Isthe probability that (1) a woman
randomly selected from a population
Istype AB, and (2) a man randomly
selected from a population istype CD,
and (3) theair child istype BC.



Reverse Parentage Index

RPI =X/Y
Denominator

Y = Istheprobability that (1) a woman
randomly selected from a population
and unrelated to missing child istype
AB, (2) aman randomly selected from
a population and unrelated to missing
child istype CD, and (3) a child,
randomly selected from a population
ISBC.



Reverse Parentage
Analysis

Missing child scenario
Numerator

Probability = 2p,pg X 2p-pp X 0.5 x 0.5



Reverse Parentage
Analysis
Missing child scenario

Denominator

2PgPc

Probability = 2pApg X 2PPp X 2PgPc



Reverse Parentage
Analysis

Missing child scenario

2PAP= X Z2PsPp X 0.5 x 0.5
IRz —m——————
2PAPe X 2PcPn X 2PgPc

0.25
2pgPc



Reverse Parentage
Analysis

Missing child scenario



Reverse Parentage
Analysis

Missing child scenario
Numerator

Probability = 2p,ps X pc” X 0.5 x 1



Reverse Parentage
Analysis
Missing child scenario

Denominator

2PaPs pcz
2PgPc

Probability = 2p,pg X pcz X 2PgPc



Reverse Parentage
Analysis
Missing child scenario



Reverse Parentage
Analysis

Missing child scenario



Reverse Parentage
Analysis

Missing child scenario
Numerator

Probability = pg2 x pc” x 1 x 1



Reverse Parentage
Analysis
Missing child scenario

Denominator

2PgPc

Probability = pg2 X pc” X 2PgPc



Reverse Parentage
Analysis
Missing child scenario

Pe X P X 1 x 1

LR =
Ps4X P X 2PgPc

(
2pgPc



Having both parents to test in a
reverse parentage test is indeed a
luxury

Often, we are limited to one
parent or possibly even siblings
to attempt an identification

Single parent cases revert statistically to
the "non-maternal” format we discussed
earlier



Thank youl
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