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DNA mixture interpretation

EPG from crime scene evidence

I el

EPG from person of interest (POI)




DNA mixture interpretation
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ILikelihood ratio (LR)

_ Pr(E|Hp,D)

LR = Pr(E[Hd,T)

Hy: the DNA from the POL IS in the mixture
Hy. the DNA from the POI IS NOT in the mixture

I: background information

E: evidence
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Different approaches to assess LR

Probabilistic genotyping software

l

FST (Proprietary)
Lab Retriever (Open source)
LiRa

LRmix/LRmix studio

Binary Semi-Continuous Continuous

l

STRmix
EuroForMix

DNAmixtures

DNA Mixture Solution
Bullet and BulletProof
GenoProof Mixture 3

LR
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Motivation

Understand similarities/differences between two LR systems, by applying two fully continuous
PROBGEN models (STRmix and EFM) to ground truth known mixture profiles available
publicly (PROVEDIt data archive — Catherine Grgicak).
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Overview

= Description of PROVEDIt dataset
= Defining LR system
= Discrimination performance check of the LR systems

= Evaluation of discrepancies between the LR systems

PROVEDIt database
Allows examination of probabilistic
genotyping systems o . .
Large publicly available databasc Examine effect of analytical thresholds
and peak detection parameters on
downstream analysis
f .
Project
:"“"" . Assess approaches to evaluate STR
. ponness for
(Contains over 25,000 STR e PROVEDIt signal (genotyping software
profiles Empirical packages and validation software)
Data ‘
Aa
Los Analyzed with different CE
1 s tures v
0 2 person mixtures varying N " instrument types and injection
+ contributor ratios Amplified with different STR kits times
*  DNAquality DNA quantity (0.007- 1 ng )
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https://lftdi.camden.rutgers.edu/provedit/

ILR System

DNA Extraction

DNA Quantitation

Targeted DNA Amplification

Detection by CE

EPG analysis/inspection

PG software

LR assessment
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ILR System

EPG analysis/inspection
We performed DNA interpretation
using filtered PROVEDI! files

2
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ILR System

Data processing of

PROVEDI filtered files

Provedit filtered files wer

analyzed in GeneMapper at an AT = 1 RFU

= Artefacts (pull-ups, minus A, and — 2bp stutters at SE33) were fi

according to defined criteria set by the creators of the database

= Analyzed the filtered files using per dye ATs

= Removed OLs/-2bp stutters at D1S1656
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ILR System

Data processing of
PROVEDI filtered files

Parameters settings

Determined parameters specific for cach software
c.g. Model Maker, drop-in......
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ILR System

Data processing of

PROVEDI filtered files Parameters settings PG software

= STRmix v2.6 & EFM v2.1.0

NIST 1036-Caucasian allele frequencies

= 0 correction was applied using an Fst(6) = 0.01

= True NOC and same propositions
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ILR System

Data processing of

PROVEDI filtered files Parameters settings PG software

Sub-source LR (STRmix) LR assessment

MLE based LR (EFM)

15



ILR System

Data processing of

PROVEDI filtered files

= model validation

Reviewed summary statistics:

Parameters settings

* per locus LR, deconvolution, genotypic weights

* Gelman-Rubin convergence, log likelihood

PG software

LR assessment

Diagnostics check
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ILR System

[ EPG analysis/inspection

J

[ Process PROVEDI! filtered files ]

[ PG software

[ Parameters settings ]
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ataset used 1n our study

Kit (PCR cycle no.)

CE instrument (injection time)

GlobalFiler (29 cycles)

3500 (15'5)

Number of Pristine  Degraded  Degraded  Damaged Inhibited | Minor Contributor
contributors DNA  DNasel  Sonication w DNA amount (pg)
11 x x x x x 15:30;62; 125
2P 12 x x 15:30; 62: 125
(16 unique individuals)
14 x x x x x 15:30: 62: 125
19 x x x x x 15: 30: 54: 62;
Sum 88 28 4 104 108 572
[EE) x x x x 15:30; 62; 125
121 x x 15:30; 62; 125
122 x x 15:30: 62; 125
@1 unique individuals) 4.1 x X x x x
144 x x x x x
1:9:1 x x
199 x x
Sum 114 324 72 138 162

E
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LR assessment workflow
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. STRmix | Hp true test
Evidence °
— LRs
- 1 9.59E+08
2 0.04452
Calculatean LR using [ _____
100 1.14E+30
STRMIX
EuroForMix
POI = known contributor EFM Hp true test
o —— LRs
T 1 038564
— " 8.86E+08
100 0.72042
152
LR assessment workflow
. STRmix | Hd true test
Evidence _ LRs
- ! 0.44582
2
, . 2 586.99
R Calculate an LR using I
100 0.000469
STRMIX
q EuroForMix
POI = known non-contributor EFM Hd trac tost
—— = LRs
e ! 11.145
—— 2 0010964
100 ol7es
=

Discrimination power of LR systems using Hp true & Hd true LR distribution

Logu(LR) Distribution by Software, NOC, & Propositions

Logio(LR)

100

2 Person

3 Person

3 Ha o a
STRmix Euroforhix

3 H L3 C]
STRmix Euroforix

M Hp true STRmix
Hd true STRmix

Hd true EFM
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[Discrimination power of LR systems using ROC

True Positive Rate (%)

ROC Plots for 2 & 3 Person Mixtures (STRmix and EFM) — STRmix 2P
84 = EFM 2P
g r,_.———‘ — STRmix 3P
J EFM 3P
“7 f Comparison Group | P-value
2P (STRmix vs EFM) | 0.74206
29 3P (STRmix vs EFM) | 0.64155
STRmix (2P vs 3P) 0.02346
- EFM (2P vs 3P) 0.04607
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10
False Positive Rate (%)

T
15

22

(Global profile Logio(LR) from 2P and 3P

EFM Logio(LR)

2

Factor of 10
Factor of 10
Factor of 10

STRmix Logio(LR)

— — —Factor of 106

Factor of 102
Factor of 104

EFM Logi(LR)

20 0 20

STRmix Logu(LR) m
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(Global profile Log;o(LR) from 2P and 3P
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[Evaluation of discrepancies in Log;o(LR) values between software

Differences observed in LR values can occur due to a combination of the following reasons:

= Noncony 1ce of the Markov Chain Monte Carlo algorithms and maximum likelihood estimators

= Analyst decisions on what peaks to leave in and/or what peaks to remove from the EPG

= Different modeling assumptions

= Choice of parameters scttings

SIRmix,

25

R (STRmix) > LR (EFM)
® Factor of 102 Pristine DNA of total template amount 315 pg; Ratio 1:4
~ Factor of 10¢
Z 1 ___ Factorof 108 Software Logi(LR) C1 Logi(LR) C2
le (major) (minor)
';g STRmix 27.61 27.428
&
&,
- EFM 27.90 21.992
=
= STRmix - EFM 029 5436
STRmix Logi(LR)
[Per Cocus LR of STRmix and EFM
Locus STRmix EFMv2.1 STRmix/EFM
D3sI358 10.00 1342 0745
VWA 384 3396 Li31
DI6s539 2490 1298 1918
csFiPo 1550 1844 1073
TPOX 743 7982 0931
D8SII79 2230 102 2024
p2IsiL 2120 15.49 1369
D1sss1 2310 1105 2090
e Inclusion  *? 2392 Exclusion
D195433 884 7011 6
THOI 250 1o 1251
FGA fi0o & 0943
bazsioss 1900 0001139 ERYFE
DSSSI8 57.20 878 0651
DI3s3I7 433 4103 1055
D75820 606 5355 1132
SE33 122.00 1200 0939
D10SI248 1050 179 0891
DISI6S 50.10 si16 1507
D125391 137.00 1354 Lo12
D251338 2190 273 0923
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Mixture Profile containing D22S1045
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nterpretation at D22S1045

16 allele at D2251045

= Likely a forward stutter (FS)

EFMv2.1 does not model S and has to account for 16 as either
a drop-in or an allele

EFMv2.1 is considering 16 as an allele instead of drop-in

Remove forward stutter peak from input file

Reinterpret

100

CI (major): 15,15
C2 (minor): 14,15
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R (STRmix) > LR (EFM)

Factor of 10*

Factor of 10¢

Pristine DNA of total template amount 315 pg; Ratio 1:4

1 facterat 106 Software Logio(LR) | Logio(LR) C2 | Logi(LR)

. C1 (major) (minor) €2 (minor)
= Rerun
S TR
== STRmix 2761 27428 27.43
&
S
= 5

EFM 27.90 21.992 2612

= -
=

. STRmix - EFM 029 5.436 131

STRmix Logio(LR)
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[Per Locus LR after EFM rerun

Locus STRmix EFMv2.1  EFMv2.1 rerun
D3s1358 10.00 1342 134

VWA 384 3396 3524
DI6s539 2490 1298 13.68
CsFIPO 1550 1444 1447
TPOX 243 7982 7955
DESII79 230 102 1085
p21sit 2120 15.49 1578
D1ss31 2310 1105 19
D544 Inclusion 62 2552 26 Inclusion
D195433 884 7011 6967

THOI 1350 11.03 1083

FGA 2500 6735 64
bazsioss 19.00 0.001139 wn )
DSSI8 57.20 87.8 §0.52
DI3S3I7 433 4103 a8
D75820 606 5355 sS4

SE33 12200 1200 s
D10SI248 1050 1179 1244
DISI6SE s0.10 s3.16 5472
D125391 137.00 1354 1322
D2s1338 2190 213 26
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R(EFM) > LR (STRmix)

Factor of 102 DNA treated with DNase I of total template amount 75 pg; Ratio 1:4
. Fuctor 108
CE B Software Logio(LR) C1 | Logi(LR) C2
. (major) (minor)
=
= . EFM 20.785 11.304
&0
3 i STRmix 18.824 3.684
=,
z.
= EFM - STRmix 1.961 w
STRmix Logio(LR)
[Per Cocus LR of EFM and STRmix
Locus EFMv2.1 EFM/STRmix
Ewe e T
o By e
b e am Erwe
pes e
B Ao
e v
B o
e ot
S e
pees T
e P
arr s
oo e
RYeT: ArETs
Inclusion ** 0077 | Exclusion 97523
B aam Wosi0
z A S
(ousiess 136 0.003 4518272 )
Eosen s iteeo Ty
L e Y P
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[Mixture Profile containing D1S1656

E=—

34

S1656 weights from STRmix report
tocus conTmisuToRs weiGHT
n umn C1 (major): 12,15
2 Laner C2 (minor): 13,14
o e
an
( = o s ) Q.14 accepted for C2 with low weight
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Summary

= Both LR systems have equal ability in discriminating between known contributors and known non-contributors.

= However, that does not imply that both LR systems are producing equal LR values or agreeing when the same profile is
being interpreted.

* Differences observed in LR values can occur due to a combination of the following reasons

= Analyst decisions on what peaks to leave in and/or what peaks to remove from the EPG

= Different modeling assumptions

= Choice of parameters settings

= Nonconvergence of the algorithms
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