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DNA mixture interpretation

EPG from crime scene evidence 

EPG from person of interest (POI)
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DNA mixture interpretation
EPG from crime scene evidence 

EPG from person of interest (POI)

Likelihood Ratio
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Hp: the DNA from the POI IS in the mixture

Hd: the DNA from the POI IS NOT in the mixture

I: background information

E: evidence

∞

0

𝑳𝑹 =
𝑷𝒓 𝑬 𝑯𝒑, 𝑰
𝑷𝒓 𝑬 𝑯𝒅, 𝑰

Hp  

Hd

Likelihood ratio (LR)
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LRBinary Semi-Continuous Continuous

Probabilistic genotyping software

FST 
Lab Retriever
LiRa
LRmix/LRmix studio

STRmix
EuroForMix

DNAmixtures
DNA Mixture Solution
Bullet and BulletProof
GenoProof Mixture 3

(Proprietary)
(Open source)

Different approaches to assess LR
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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).

Motivation
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§ Description of PROVEDIt dataset

§ Defining LR system

§ Discrimination performance check of the LR systems

§ Evaluation of discrepancies between the LR systems

Overview
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Large publicly available database

Contains over 25,000 STR 
profiles

1 to 5 person mixtures varying      
• contributor ratios
• DNA quality

Analyzed with different CE
instrument types and injection 

timesAmplified with different STR kits
DNA quantity (0.007- 1 ng )

Allows examination of probabilistic 
genotyping systems

[1] L.E. Alfonse, A.D. Garrett, D.S. Lun, K.R. Duffy, C.M. Grgicak, A large-scale dataset of single and mixed-source short tandem repeat profiles to inform human identification strategies: PROVEDIt, Forensic science international. Genetics 32 (2018) 62-70.

Assess approaches to evaluate STR 
signal (genotyping software 

packages and validation software) 

Examine effect of analytical thresholds 
and peak detection parameters on 

downstream analysis

https://lftdi.camden.rutgers.edu/provedit/

PROVEDIt database
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DNA Extraction

DNA Quantitation

Targeted DNA Amplification

Detection by CE

EPG analysis/inspection

LR assessment

PG software

LR System
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DNA Extraction

DNA Quantitation

Targeted DNA Amplification

Detection by CE

EPG analysis/inspection

LR assessment

PG software

LR System

We performed DNA interpretation 
using filtered PROVEDIt files
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LR System

Data processing of 
PROVEDIt filtered files

§ Provedit filtered files were analyzed in GeneMapper at an AT = 1 RFU

§ Artefacts (pull-ups, minus A, and – 2bp stutters at SE33) were filtered 
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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LR System

Parameters settings

Determined parameters specific for each software
e.g. Model Maker, drop-in……

Data processing of 
PROVEDIt filtered files
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LR System

PG software

§ STRmix v2.6 & EFM v2.1.0

§ NIST 1036-Caucasian allele frequencies

§ q correction was applied using an Fst (q) = 0.01

§ True NOC and same propositions

Parameters settings
Data processing of 

PROVEDIt filtered files
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LR System

LR assessmentSub-source LR (STRmix)

MLE based LR (EFM)

PG softwareParameters settings
Data processing of 

PROVEDIt filtered files
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LR System

Diagnostics check

Reviewed summary statistics:

§ per locus LR, deconvolution, genotypic weights

§ Gelman-Rubin convergence, log likelihood

§ model validation

LR assessment

PG softwareParameters settings
Data processing of 

PROVEDIt filtered files
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DNA Extraction

DNA Quantitation

Targeted DNA Amplification

Detection by CE

EPG analysis/inspection

LR assessment

PG software

Process PROVEDIt filtered files

Parameters settings

LR System
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Kit (PCR cycle no.) CE  instrument (injection time)

GlobalFiler (29 cycles) 3500 (15 s)

Dataset used in our study

18



12/8/20

7

STRMIX
EuroForMix

Evidence

LR assessment workflow

Calculate an LR using

POI = known contributor EFM Hp true test 
LRs

1 0.38564 

2 8.86E+08 

-------

100 0.72042

STRmix Hp true test 
LRs

1 9.59E+08 

2 0.04452 

--------

100 1.14E+30 
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STRMIX
EuroForMix

Evidence

LR assessment workflow

Calculate an LR using

POI = known non-contributor
EFM Hd true test 

LRs

1 11.145
2 0.010964

-------

100 9.1768

STRmix Hd true test 
LRs

1 0.44582
2 586.99

--------

100 0.000469
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Hp true STRmix
Hd true STRmix
Hp true EFM 
Hd true EFM 

Log10(LR) Distribution by Software, NOC, & Propositions

Lo
g1

0(
LR

)

2 Person 3 Person

Discrimination power of LR systems using Hp true & Hd true LR distribution
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STRmix 2P 
EFM 2P 
STRmix 3P 
EFM 3P 

ROC Plots for 2 & 3 Person Mixtures (STRmix and EFM)

Tr
ue

 P
os

iti
ve

 R
at

e 
(%

)

Comparison Group P-value

2P (STRmix vs EFM) 0.74206

3P (STRmix vs EFM) 0.64155

STRmix (2P vs 3P) 0.02346

EFM (2P vs 3P) 0.04607

False Positive Rate (%)

Discrimination power of LR systems using ROC
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STRmix Log10(LR)

EF
M

 L
og

10
(L
R)

STRmix Log10(LR)

EF
M

 L
og

10
(L
R)

Global profile Log10(LR) from 2P and 3P

3P2P

Factor of 102

Factor of 104

Factor of 106

Factor of 102

Factor of 104

Factor of 106
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STRmix Log10(LR)

EF
M

 L
og

10
(L
R

)

STRmix Log10(LR)

EF
M

 L
og

10
(L
R)

Global profile Log10(LR) from 2P and 3P

3P2P

LR (STRmix) > 1000*LR (EFM)
LR (EFM) > 1000*LR (STRmix)
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Evaluation of discrepancies in Log10(LR) values between software 

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

STRmix

§ Allelic variance
§ Stutter variance 
§ Locus amplification variance

EFM

§ Detection thresholds 
§ Drop-in frequency/cap/distribution

§ Nonconvergence of the Markov Chain Monte Carlo algorithms and maximum likelihood estimators

25

LR (STRmix) > LR (EFM)

Software Log10(LR) C1 
(major) 

Log10(LR) C2 
(minor) 

STRmix 27.61 27.428

EFM 27.90 21.992

STRmix - EFM -0.29 5.436

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

STRmix Log10(LR)

EF
M

 L
og

10
(L
R)

Factor of 102

Factor of 104

Factor of 106

2P
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Locus STRmix EFMv2.1 STRmix/EFM
D3S1358 10.00 13.42 0.745
vWA 3.84 3.396 1.131
D16S539 24.90 12.98 1.918
CSF1PO 15.50 14.44 1.073
TPOX 7.43 7.982 0.931
D8S1179 22.30 11.02 2.024
D21S11 21.20 15.49 1.369
D18S51 23.10 11.05 2.090
D2S441 6.29 2.552 2.465
D19S433 8.84 7.011 1.261
TH01 13.80 11.03 1.251

FGA 635.00 673.5 0.943

D22S1045 19.70 0.001139 17295.874
D5S818 57.20 87.8 0.651
D13S317 4.33 4.103 1.055
D7S820 6.06 5.355 1.132
SE33 122.00 129.9 0.939
D10S1248 10.50 11.79 0.891
D1S1656 80.10 53.16 1.507
D12S391 137.00 135.4 1.012
D2S1338 21.90 23.73 0.923

Per Locus LR of STRmix and EFM

Inclusion Exclusion
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Mixture Profile containing D22S1045 
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Interpretation at D22S1045 

§ 16 allele at D22S1045

§ Likely a forward stutter (FS)

§ EFMv2.1 does not model FS 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 

C1 (major): 15,15
C2 (minor): 14,15

29

STRmix Log10(LR)

EF
M

 L
og

10
(L
R)

2P Factor of 102

Factor of 104

Factor of 106

2P

LR (STRmix) > LR (EFM)

Software Log10(LR) 
C1 (major) 

Log10(LR) C2 
(minor) 

Log10(LR) 
C2 (minor) 

Rerun

STRmix 27.61 27.428 27.43

EFM 27.90 21.992 26.12

STRmix - EFM -0.29 5.436 1.31

Pristine DNA of total template amount 315 pg; Ratio 1:4
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Per Locus LR after EFM rerun

Locus STRmix EFMv2.1 EFMv2.1 rerun 
D3S1358 10.00 13.42 13.4
vWA 3.84 3.396 3.524
D16S539 24.90 12.98 13.68
CSF1PO 15.50 14.44 14.47
TPOX 7.43 7.982 7.955
D8S1179 22.30 11.02 10.85
D21S11 21.20 15.49 15.78
D18S51 23.10 11.05 11.9
D2S441 6.29 2.552 2.65
D19S433 8.84 7.011 6.969
TH01 13.80 11.03 10.83

FGA 635.00 673.5 640.2

D22S1045 19.70 0.001139 16.22
D5S818 57.20 87.8 80.52
D13S317 4.33 4.103 4.188
D7S820 6.06 5.355 5.144
SE33 122.00 129.9 117.5
D10S1248 10.50 11.79 12.44
D1S1656 80.10 53.16 54.72
D12S391 137.00 135.4 132.2
D2S1338 21.90 23.73 22.6

Inclusion Inclusion
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LR (EFM) > LR (STRmix)

STRmix Log10(LR)

EF
M

 L
og

10
(L
R)

Factor of 102

Factor of 104

Factor of 106

2P

Software Log10(LR) C1 
(major) 

Log10(LR) C2 
(minor) 

EFM 20.785 11.304

STRmix 18.824 3.684

EFM - STRmix 1.961 7.62

DNA treated with DNase I of total template amount 75 pg; Ratio 1:4 
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Per Locus LR of EFM and STRmix

Locus EFMv2.1 STRmix EFM/STRmix
D3S1358 1.272 0.076 16.73684
VWA 3.423 2.070 1.653623
D16S539 11.71 4.240 2.761792
CSF1PO 4.35 12.300 0.353659
TPOX 2.003 1.590 1.259748
D8S1179 2.874 3.150 0.912381
D21S11 3.555 7.950 0.44717
D18S51 4.432 10.800 0.41037
D2S441 5.009 4.370 1.146224
D19S433 4.667 3.150 1.481587
TH01 1.187 0.223 5.32287
FGA 4.181 0.397 10.53149
D22S1045 7.287 13.300 0.547895
D5S818 0.4505 0.055 8.190909
D13S317 0.7438 0.077 9.697523
D7S820 3.657 4.040 0.905198
SE33 3.964 1.220 3.24918
D10S1248 7.853 5.680 1.38257
D1S1656 1.36 0.003 451.8272
D12S391 33.76 41.600 0.811538
D2S1338 6.772 11.500 0.58887

Inclusion Exclusion
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Mixture Profile containing D1S1656
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D1S1656 weights from STRmix report

Q,14 accepted for C2 with low weight

C1 (major): 12,15
C2 (minor): 13,14
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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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