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Disclaimer

Points of view in this presentation are mine and do not necessarily
represent the official position or policies of the National Institute of
Standards and Technology or the U.S. Department of Commerce.

Certain commercial products are named in order to specify experimental
procedures as completely as possible. In no case does such an
identification imply a recommendation or endorsement by the National
Institute of Standards and Technology, nor does it imply that any of
these products are necessarily the best available for the purpose.



Overview

Likelihood Ratio

» Binary Approach
» Semi-Continuous Approach
» Continuous Approach



ity Mixture
(http://www.bu.edu/dnamixtures/)
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stochastic threshold = 150 rfu
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stochastic threshold = 150 rfu
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Stochastic Effects
=N

allele drop-out “ allele drop-in
18,9}

analytical threshold

>

8 9

drop-out of allele 9 drop-in of allele 10
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Person of interest (POI)

D8
D21
D7
CSF1PO
D3
THO1
D13
D16
D2
D19
VWA
TPOX
D18
D5
FGA

13,16
28,28

12,12
16,16
7,9.3
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11,13
20,28
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Is the person of interest (POI) -'

a contributor to this mixture?




There are two sides to every story...

prosecution’s crensic defense’s
proposition scientist proposition
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115 1535

Role of the forensic scientist
325

275 AR f
ST person o
103 “ interest (POI)
- r— (13,16}
13 ||| 15

14

1) What is the probability of obtaining these DNA
typing results if the POl is a contributor?
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115 1535

Role of the forensic scientist
325

275 AR f
ST person o
103 “ interest (POI)
- r— (13,16}
13 ||| 15

14

2) What is the probability of obtaining these DNA
typing results if the POl is not a contributor?

13



115 1535

Role of the forensic scientist
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Likelihood Ratio (LR)

What is the probability of obtaining
these DNA typing results if the POI
is a contributor? Pr(E|H,)

What is the probability of obtaining Pr(E|H,)
these DNA typing results if the POI
is not a contributor?




Likelihood Ratio (LR)

Caar e L a e Ao . jven
The probability of obtaining these & gl
DNA typing results given that the

POl is a contributor. PT(E‘HP)

LR =

The probability -of-ol‘otaini-ng. these PT(E\Hd)
DNA typing results given that the
POl is not a contributor.



Likelihood Ratio (LR)

e . . given
ose 8 l
Teprobability thatthe pe
POl is a cORtrittor divided PT(E‘HP)
by the pr6babiity that the [LR =
DT is not a contribBwtor.  pse Pr(E|H,;)

X e
POl is not a contributor.




Likelihood Ratio (LR)

Pr(E|H,)

Pr(E|H,)

-

‘O

the DNA typing
results are just as
likely if the POl is a
contributor than if

the POl is not a
contributor

18



Likelihood Ratio (LR)

binary continuous

does not model
stochastic effects models stochastic effects

observed peaks are observed peaks are
discrete variables continuous variables




Discrete vs. Continuous

 The observed peaks as a discrete variable:

absent ()¢

 The observed peaks as a continuous variable:



Likelihood Ratio (LR)

binary continuous

does not model
stochastic effects models stochastic effects

observed peaks are observed peaks are
discrete variables continuous variables




Binary LR
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Binary LR
P\
. person of
. interest (POI)
drop-out is possible!
{13,16}

13 14 15

1) What is the probability of obtaining these DNA typing results if the
POl is a contributor?

Pr(Eal) = 1 X 2p14P15

23



Binary LR

13 14 15

2) What is the probability of obtaining these DNA typing results if the
POl is not a contributor?

24



13,13 14,15 P2y X 2D14P1s

14,14 13,15 D%, X 2p13P1s

15,15 13,14 pis X 2P13P14

1415 13,13 2p14P15 X D3

13,15 14,14 2P13P15 X Pia Z
13,14 15,15 2p13P14 X Pis = = =
13,14 13,15 2P13P14 X 2P13P1s

13,14 14,15 2p13P14 X 2P14D15

13,15 14,15 2p13P15 X 2P14P1s

13,15 13,14 2P13P15 X 2P13P14

14,15 13,14 2P14P15 X 2P13P14

= 12p13P014P15(P13 + D14 + D15)

1415 13,15 2py4P1s5 X 2P13P1s



(continued)

13,14  15,Q 2p13P14 X 2P15 Pg

13,15  14,Q 2p13P15 X 2P14Dg

14,15  13,Q 2p14P15 X 2P13Pg Z

15,Q 13,14 2p15Pg X 2P13P14 13 14 13
14,Q 13,15 2P14Pq X 2P13P15

13,Q 14,15 2p13pQ X 2P14P15

= 24P13P14P15PQ

26



Binary LR

13 14 15

2) What is the probability of obtaining these DNA typing results if the
POl is not a contributor?

Pr(E|Hg) = 12p13014P15(D13 + P14 + P15) + 24P13D14P15D0

27



Binary LR
A\
. person of
. interest (POI)
{13,16}
2P14D15

LR

 12p13p14P15(P13 + P14 + P15) + 24D13P14P15P0

1
6p13(P13 + P14 + D15) + 12p13pg )5
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Likelihood Ratio (LR)

binary continuous

does not model
stochastic effects models stochastic effects

observed peaks are observed peaks are
discrete variables continuous variables




Semi-continuous LR

allele drop-out

heterozygote: Pr(drop — out) = Dy
Pr(not drop — out) =1 — Dy = Dy

homozygote: Pr(drop — out) = D,y
Pr(not drop —out) =1 — D,y = Dyy



Semi-continuous LR

=N
Examples: AR
{8,9}
—2
D 1
LR = —; H —
Dy~ X 2pgpy  2PsPo
>

8 9
Pr(E|H,) =Dy Dy x 1 =Dy
— —
Pr(E|Hg) = Dy Dy X 2pgpg = Dy~ X 2pgpg



Semi-continuous LR

8,8 D,y X pg
8,Q Dy Dy X 2pgpg

where po =1—pg

>
8 9

Pr(E|H,) = Dy Dy X 1 = Dy Dy
Pr(E|Hy) = Doy X pg + Dy Dy X 2pgpq 33



Semi-continuous LR

P
Examples: AR

18,9}

Dy D
IR H Dn

D,y X pg +Dy Dy 2PsPg

>
8 9

Pr(E|H,) = Dy Dy X 1 = Dy Dy
Pr(E|Hq) = Day X p§ + Dy Dy X 2pgpq



Semi-continuous LR

[D8s1179 |
P\
person of
J l l “ interest (POI)
13 14 15 {13’16}

1) What is the probability of obtaining these DNA typing results if the
POl is a contributor?

— — 2
Pr(E‘Hp) = DyDy X1 X Dy X 2p14P15
—3
= DDy X 2p14P1s >



Se 13,13 14,15 Dy Dy’ X pZ3 X 2P14P1s

1414 1315 Dy Dy’ X pia X 2P13P1s

15,15 13,14 D, Dy X pis X 2P13D14

1415 13,13 Doy Dy X 2P14P1s X Pi3

1315 14,14 Dy D X 2P13P1s X Pia

13 12] [1s 13,14 15,15 D, Dy X 2P13P14 X PIs
13,14 13,15 EEZ X 2p13P14 X 2P13P1s
2) What is the probz 13,4 1445 Dy D, X 2P13P1a X 2P14D1s
POI w a contribu 13,15 14,15 EEZ X 2P13P15 X 2P14P15
13,15 13,14 EZZ X 2P13P15 X 2P13P14
14,15 13,14 EEZ X 2D14P15 X 2P13P14

14,15 13,15 Dyy Diy X 2P14P15 X 2P13D45



Semi-continuous LR

(continued)

13,14 15,Q DH Dy X 2P13P14 X 2P15 Po
13,15 14,Q EBDH X 2p13P15 X 2P14Pg
14,15 13,Q D_HBDH X 2P14P15 X 2P13Pg
15,Q 13,14 EBDH X 2p15Dg X 2p13D14
14Q 13,15 Dy Dy X 2P14Pq X 2P13P1s
13,Q 14,15 EBDH X 2p13Pq X 2P14P15

where Po = 1—p13 — P14 — P15
37



Semi-continuous LR

[D8S1179 ]
13 14 15
Homs

2
Pr(E|Hg) = Doy Dy~ X 4p13P14015(P13 + D14 + D15)

2
+Dyy Dy~ X 8p13P14P15(P13 + P14 + P15)

—3 Hets with stackin
+ Dy Dy X 24p13P14P15Pn 2

Hets with drop-out ::



Semi-continuous LR

13 14 15

LR

—3
_ DyDy X 2p14P15

2
Doy Dy X 4P13P214P15(P13 + P14 + P15)
+ ng Dy~ X 8p13p14015(P13 + D14 + D15)
+ Dy Dy X 24p13P14P15D¢

39



13,13 14,15 0.075 X 2pf3p1aPis —

14,14 13,15 0.075 X 2p13Piab1s Dzy = 0256
15,15 13,14 0.075 X 2D13P14P%s

14,15 13,13 0.075 X 2pf3P14P1s

13,15 14,14 0.075 X 2p13PiaD1s

13,14 15,15 0.075 X 2P13P14P3s

13,14 13,15 0.075 X 4pf3p14D1s

13,14 14,15 0.075 X 4p13pTap1s

13,15 14,15 0.075 X 4p13P14D3s

13,15 13,14 0.075 X 4pZ3p14D1s

14,15 13,14 0.075 X 4D13DE4D15

14,15 13,15 0.075 X 4p13P14Ds

13,14 15,Q 0.016 X 4p13P14P15Pq

13,15 14,Q 0.016 X 4p13P14P15Pq

14,15 13,Q 0.016 X 4p13P14P15Pg . )
50 131 0.016 By Semi-Continuous

14,Q 13,15 0.016 X 4p13P14P15D9 LR — 8 28 X LO3

13,Q 14,15 0.016 X 4p13P14D15D9



m Binary LR | Semi-Continuous LR

D8S1179 0.39 0.16 Dy = 0.716
D21S11  0.71 1.44 Dyy = 0.256
D75820  4.08 4.75

CSFIPO  0.41 0.50 Binary

D351358  0.44 0.91 LR = 1.42 % 103

THO1 2.12 2.63

D351358  3.49 3.91

D165539  2.32 2.88 v

D251338  8.57 10.4

3;5433 ZZ; (1)4712 Semi-Continuous

OX 127 e LR = 8.28 x 103

D18551  28.09 28.1

D55818  1.66 1.94

FGA 0.76 0O 50



13,13 14,15 0.075 X 2p%3P14D1s —

14,14 13,15 0.075 X 2p13Piab1s D2y = 0256
15,15 13,14 0.075 X 2D13P14P%s

14,15 13,13 0.075 X 2p%3P14D1s

13,15 14,14 0.075 X 2p13PiaD1s

13,14 15,15 0.075

13,14 13,15 0 Q)

13,14 14,15 ge n Otype

13,15 14,15 m a tc h

13,15 13,14

probability
14,15 13,15 0.075

13,14 15,Q 0.016 X 4p13P14P15P0

13,15 14,Q 0.016 X 4p13P14P15Pq

14,15 13,Q 0.016 X 4p13P14P15Pg

15,Q 13,14 0.016 X 4p13P14D15D9

14,Q 13,15 0.016 X 4p13P14P15P0

42
13,Q 14,15 0.016 X 4p13P14D15D9



Semi-continuous LR

denotype sets|H, weight X genotype match prob.

LR =

denotype sets|Hyg weight X genotype match prob.

43



Likelihood Ratio (LR)

binary continuous

does not model
stochastic effects models stochastic effects

observed peaks are observed peaks are
discrete variables continuous variables




From Semi-continuous to Continuous
BESE TR

325
275

1(13

T AT
13 ||| 15
(14 |

p denotype sets|H, weight X genotype match prob.

weight X genotype match prob.

45

denotype sets|Hg



m Binary LR | Semi-Continuous LR | Continuous LR

D8S1179
D21S11
D75820
CSF1PO
D351358
THO1
D351358
D16S539
D2S1338
D19S433
vWA
TPOX
D18S51
D55818
FGA

0.39
0.71
4.08
0.41
0.44
2.12
3.49
2.32
8.57
0.51
2.05
1.27
28.09
1.66
0.76

0.16
1.44
4.75
0.50
0.91
2.63
3.91
2.88
10.4
0.79
1.46
2.06
28.1
1.94
0 50

0.09
38.9
15.7
7.39
15.4
5.88
8.87
10.2
11.2
13.9
3.19
16.7
169
9.07
1

Binary
LR =1.42 x 103

Semi-Continuous
LR =8.28 x 103

Continuous
LR = 4.36 x 1013

46



m Binary Semi-Continuous Continuous

D8S1179
D21S11
D75820
CSF1PO
D351358
THO1
D351358
D16S539
D2S1338
D19S433
vWA
TPOX
D18S51
D55818
FGA

0.39
0.71
4.08
0.41
0.44
2.12
3.49
2.32
8.57
0.51
2.05
1.27
28.09
1.66
0.76

0.16
1.44
4.75
0.50
0.91
2.63
3.91
2.88
10.4
0.79
1.46
2.06
28.1
1.94
0 50

0.09
38.9
15.7
7.39
15.4
5.88
8.87
10.2
11.2
13.9
3.19
16.7
169
9.07
1

135

289 293

142

28 || 30

32.2

=
)
{28,28}

47



m Binary Semi-Continuous Continuous

D8S1179
D21S11
D75820
CSF1PO
D351358
THO1
D351358
D16S539
D2S1338
D19S433
vWA
TPOX
D18S51
D55818
FGA

0.39
0.71
4.08
0.41
0.44
2.12
3.49
2.32
8.57
0.51
2.05
1.27
28.09
1.66
0.76

0.16
1.44
4.75
0.50
0.91
2.63
3.91
2.88
10.4
0.79
1.46
2.06
28.1
1.94
0 50

0.09
38.9
15.7
7.39
15.4
5.88
8.87
10.2
11.2
13.9
3.19
16.7
169
9.07
1

1135

229 91g

130

14

18

{16,16}

48



m Binary Semi-Continuous Continuous

D8S1179
D21S11
D75820
CSF1PO
D351358
THO1
D351358
D16S539
D2S1338
D19S433
vWA
TPOX
D18S51
D55818
FGA

0.39
0.71
4.08
0.41
0.44
2.12
3.49
2.32
8.57
0.51
2.05
1.27
28.09
1.66
0.76

0.16
1.44
4.75
0.50
0.91
2.63
3.91
2.88
10.4
0.79
1.46
2.06
28.1
1.94
0 50

0.09
38.9
15.7
7.39
15.4
5.88
8.87
10.2
11.2
13.9
3.19
16.7
169
9.07
1

[TPOX
. 23.5
666
163
8 ‘11

11,11}

49



Continuous LR

denotype sets|H, weight X genotype match prob.

LR =

denotype sets|yy Welght X genotype match prob.

We can obtain the weights through simulations that
attempt to reproduce the observed peak heights by
varying the genotype set and model parameters.

50



Continuous LR

denotype sets|H, weight X genotype match prob.

LR =

denotype sets|yy Welght X genotype match prob.

simulated peak heights

observed peak heights

51



Continuous LR

denotype sets|H, weight X genotype match prob.

LR =

denotype sets|yy Welght X genotype match prob.

simulated peak heights

observed peak heights

52



Continuous LR

denotype sets|H, weight X genotype match prob.

LR =

denotype sets|yy Welght X genotype match prob.

simulated peak heights

observed peak heights

53



Continuous LR

denotype sets|H, weight X genotype match prob.

LR =

denotype sets|yy Welght X genotype match prob.

The better the genotype set and the
parameters explain the observed peak heights,
the greater the weight for that genotype set.

54



e TR
28,28 30,32.2 0.056 0.075 =
30,30 28,32.2 0.056 0.075 0
322,322 28,30 0.056 0.075 0
30,32.2 28,28 0.056 0.075 0.992 289 293
28,32.2 30,30 0.056 0.075 0
28,30 32.2,32.2 0.056 0.075 0 142
28,30 28,32.2 0.056 0.075 0
28,30 30,32.2 0.056 0.075 0
28,32.2 30,32.2 0.056 0.075 0 28 | 301[32.2
28,32.2 28,30 0.056 0.075 0
30,32.2 28,30 0.056 0.075 0.003

30322 28,3222 0.056 0.075 0.004 ==\

28,30 32.2,Q 0.056 0.016 0

28,32.2 30,0 0.056 0.016 0 “
30,32.2 28,Q 0.056 0.016 0.001 {2 8’ P 8}
32.2,Q 28,30 0.056 0.016 0

30,Q 28,32.2 0.056 0.016 0

55
28,Q 30,32.2 0.056 0.016 0



135

289 293

142

28 || 30

32.2

Continuous LR

A\

. » person of
“ interest (POI)
(28,28}

Major_| Minor | _ Weight _| Genotype Match Prob.___

30,32.2 28,28 0.992 X 2P30P32.2

PT(E|HP) = 0.992 X 2p30P32.2

56



289 293

142

28 || 30

Continuous LR
(Major | Minor | Weight | Genotype Match Prob. |

30,32.2 28,28 0.992 X 2D30P322 X Pag

30,32.2 28,32.2 0.004 X 2P30P32.2 X 2D28P32.2
30,32.2 28,30 0.003 X 2P30P32.2 X 2P28P30
30,32.2 28,Q 0.001 X 2p30P32.2 X 2P28 Pg

where po =1 —pag — P30 — P322

Pr(E|Hg) = 0.992 X 2p3oP32.2P5s + 0.004 X 4p,gP30052.2

+0.003 X 4p,gp5oP322 + 0.001 X 4p,gP30P32.2P0

57



289 293

142

28 || 30

Continuous LR

A
person of
“ interest (POI)
{28,28}

R — 0.992 X 2p3¢p32.2

0.992 X 2p30P32.2P58 + 0.004 X 4p,gP30P52.2
+0.003 X 4p,gp30P32.2 + 0.001 X 4p2gp30P32.2P0

= 38.9

58



| Major | Minor | Binary Weight Semi-Continuous Weight Continuous Weight

14,14 16,18 0.056 0.075 *
16,16 14,18 0.056 0.075 0 : : :
18,18 14,16 0.056 0.075 0

16,18 14,14 0.056 0.075 0

14,18 16,16 0.056 0.075 0.991 229 915
14,16 18,18 0.056 0.075 0 130
14,16 14,18 0.056 0.075 0

14,16 16,18 0.056 0.075 0

1418 16,18 0.056 0.075 0.003 1a | 18
1418 14,16 0.056 0.075 0.003 16
16,18 14,16 0.056 0.075 0

16,18 14,18 0.056 0.075 0 ==\

1416  18,Q 0.056 0.016 0

1418  16,Q 0.056 0.016 0.002

16,18  14,Q 0.056 0.016 0 { }
16,16

18,Q 14,16 0.056 0.016

16,Q 14,18 0.056 0.016
59

o o o

14,Q 16,18 0.056 0.016



229 215
130

14

18

Continuous LR
P

. person of
interest (POI)

{16,16}

Major_| Minor | _ Weight _| Genotype Match Prob.___

14,18 16,16 0.991 X 2p14D18

Pr(E|Hp) = 0.991 X 2p14p15

60



Continuous LR
229 15 \Major | Minor | Weight | Genotype Match Prob. |

130

14,18 16,16 0.991 X 2P1aP1s X Pie
14,18 14,16 0.003 X 2p14P18 X 2P14P16
14 || | 18 14,18 16,18 0.003 X 2P14P18 X 2P16P18
16 14,18  16,Q 0.002 X 2P14P18 X 2P16 Po

where pg =1 —p14 — P16 — P18

Pr(E|Hg) = 0.991 x 2P14P18p%6 + 0.003 X 41912429162918
+0.003 X 4p14p16P7g + 0.002 X 4p14P16P18P0
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Continuous LR

229 215 A=A f
130 person o
“ interest (POI)
14| [18 116,16}

- 0991 X 2p14pqs

0.991 X 2p14P18P7s + 0.003 X 4p7,p16P15
+0.003 X 4p,4p16pig + 0.002 X 4p14P16P18P0

=154

LR
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|_IViajor [ IViinor | Binary VWeight | Semi-Continuous \Veig |_Lontinuous Weight |

8,8 11,11 0.053 0.160 0.997 [TPOX

11,11 838 0.053 0.160 0 : i

8,11 8,11 0.053 0.160 0 666

8,3 8,11 0.053 0.160 0.003

8,11 8,8 0.053 0.160 0

8,11 11,11 0.053 0.160 0

11,11 8,11 0.053 0.160 0

8,11 8,Q 0.053 0.053 0 163
8,0 8,11 0.053 0.053 0

8,11 11,0 0.053 0.053 0

11,0 8,11 0.053 0.053 0 .

8,8 11,0 0.053 0.053 0 81|11
11,0 8,8 0.053 0.053 0

11,11 8Q 0.053 0.053 0 AR
8,Q 11,11 0.053 0.053 0 “
8,11 Q,Q 0.053 0.001 or 0.008 0

QQ 8,11 0.053 0.001 or 0.008 0 {1 1’ 1 1}
8, 11,0 0.053 0.008 0

11,0 8,Q 0.053 0.008 0 o3



[TPOX

233

665 Continuous LR

A=\
“ person of
163 interest (POI)
] (11,11}
8 ‘11
MWW
11,11 0.997 X D2

Pr(E|H,) = 0.997 X p3
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[TPOX

233

666

Continuous LR
mmm
1111 0.997 X p§ X piy
163 8,8 8,11 0.003 X p§ X 2pgP11
l where py =1 —pg — P11

11

Pr(E|Hg) = 0.997 X pip}, + 0.003 X 2pgpy4
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[TPOX

233

666 Continuous LR

A
person of
- “ interest (POI)
l (11,11}

. 0.997 X p2
~0.997 x pZp?, + 0.003 x 2p3p1;

= 16.7
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m Binary emi-Continuous

D851179  0.39 0.16 0.09
D21S11  0.71 1.44 38.9
CSFIPO  0.41 0.50 739 i Ly
1]
D351358 0.44 0.91 154 e
SR  [HT | DiESE DTESSS  (DZSTESER
THOl 212 2.63 5.88 115 155 185 235 275 5
1 I 1 " lll 1 Al 11 l
D3S1358 3.49 3.91 8.87 il
D16S539 2.32 2.88 10.2 @ @ @ (2 @ [@
A | [TPOX | pessT ]
D2$1338 8.57 10.4 11.2 1135 155 195 235 273 3
Lok Li I O
D195433 0.51 0.79 13.9 ;
VWA 2.05 1.46 39 EEE @@ |
L — oA
TPOX 1.27 2'06 16'7 115 155 1495 235 275 5
1l 1 1
D18S51  28.09 28.1 169  ©
D55818  1.66 1.94 9.07
67

FGA 0.76 0.50 1



Summary

binary continuous

LR =8.28 x 10° ¥

veaks are LR =4.36 x 1013

discrete variables

does 1ot model
stochastic effects

LR =1.42 x10°
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