RN . (Y
.» ¥ Norwegian Institute of Public Health -

& EURDFORGEN

The Clayton Rules

Oskar Hansson

Statistical methods in forensic genetics 7-10 October 2013, Copenhagen

(slides adapted from John Butler)
(Basic Principles in Forensic DNA Evidence Interpretation, ISFG 2013, Melbourne)
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ISFG Recommendations
on Mixture Interpretation
http://lwww.isfg.org/Publication;Gill2006
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The likelihood ratio (LR) is the 6. When minor alleles are the same

preferred statistical method for size as stutters of major alleles,

mixtures over RMNE then they are indistinguishable

Scientists should be trained in 7. Allele dropout to explain evidence

and use LRs can only be used with low signal
data

Methods to calculate LRs of

mixtures are cited 8. No statistical interpretation should
be performed on alleles below

Follow Clayton et al. (1998) threshold

guidelines when deducing

component genotypes 9. Stochastic effects limit usefulness

Prosecution determines Hp and
defense determines H, and
multiple propositions may be
evaluated

of heterozygote balance and
mixture proportion estimates with
low level DNA
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Step #1

Step #2

Step #3

Step #4

Step #5

Step #6

PROGRAMME

Steps in the Interpretation of Mixtures

(Clayton et al. 1998)

Identify the Presence of a Mixture

l

Designate Allele Peaks

l

Identify the Number of Potential
Contributors

5-??%

FLSEVIER TR L. | —

Analysis and inlerprebition of mixed forensic stains
using DNA STR profilmg
T.M, Clayeom” .

I Whiaker" R Spmkes”, F "

Fhm B ERCK

Racerrad 13 My

|

Estimate the Relative Ratio of the
Individuals Contributing to the Mixture

!

Consider All Possible Genotype
Combinations

!

Compare Reference Samples

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme

Clayton et al. (1998) Forensic Sci. Inf. 91:55-70
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Step #1: Is a Mixture Present
In an Evidentiary Sample?

« Examine the number of peaks present in a locus

— More than 2 peaks at a locus (except for tri-allelic
patterns at perhaps one of the loci examined)

+ Examine relative peak heights

— Heterozygote peak imbalance <60%
— Peak at stutter position >15%

 Consider all loci tested

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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ISFG (2006) advocates

>60% when DNA >500 pg

At LCN levels,
heterozygote peak
height imbalance can
be <60% due to
stochastic effects

100%
a
(@) Heterozygous 85%
peakregion Ml L T0%
MIXTURE
REGION
S_£ - it- """" i A‘j - <15%
utter region I
(b) 100%
--------------------------------------------------- >70% I
60%
Higher than typical
stutter product (>15%) Smaller peak area than normally seen
-,.‘___‘_Ef% with heterozygote partner alleles(<70%)
el | B B B & R e L EE O e L <15% I
10%
Wrong side of allele to be
typical stutter product
Figure 7.3, J.M. Butler (2005) Farensic DNA Typing, 2™ Edition @ 200

05 Elsevier Academic Press
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Step #2: Designate Allele Peaks

« Use regular data interpretation rules to decipher
between true alleles and artifacts

« Use stutter filters to eliminate stutter products
from consideration (although stutter may hide
some of minor component alleles at some loci)

» Consider heterozygote peak heights that are
highly imbalanced (<60%) as possibly coming
from two different contributors

? EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Step #3: Identifying the Potential Number of
Contributors

Important for some statistical calculations
Typically if 2, 3, or 4 alleles then 2 contributors

If 5 or 6 alleles per locus then 3 contributors

If >6 alleles in a single locus, then >4 contributors

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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Step #4: Estimation of Relative Ratios for
Major and Minor Components to a Mixture

« Mixture studies with known samples have shown that the
mixture ratio between loci is fairly well preserved during
PCR amplification

« Thus itis generally thought that the peak heights (areas)
of alleles present in an electropherogram can be related
back to the initial component concentrations

 Start with loci possessing 4 alleles...

? EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Step #5: Consider All Possible Genotype
Combinations

Table 3
Pairwise combimnations of two, three and four alleles
Four alleles (ab.c.d) Three allsles (a.b.c) Two alleles (a,b)
ab c,d aa b.c a.a ab
a,c b.d b.b a.c a.b ab
ad b.c c.c ab a.a b.b
e d a,b ab a.c a.b b.b
b.d a,c b.,c a.c a,b a.a
b.c a,d ab b.e b.b a,a
b,e a,a b.b ab
a.c b.b
a.b (X
a.c a.b
a.c b.c
b,e a,b
Eev: bold entnes represent reciprocal combinations.

Clayton et al. Forensic Sci. Int. 1998; 91:55-70
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Step #6: Compare Reference Samples

» |f there is a suspect, a laboratory must ultimately decide
to include or exclude him...

* If no suspectis available for comparison, does your

laboratory still work the case? (Isn't this a primary purpose
of the national DNA database?)

« Victim samples can be helpful to eliminate their allele
contributions to intimate evidentiary samples and thus
help deduce the perpetrator

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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Presentations from the ISFG workshops

Basic Principles in Forensic DNA Evidence Interpretation
Advanced Topics in Forensic DNA Evidence Interpretation

http://www.cstl.nist.gov/strbase/pub_pres/

? EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Low Template DNA

Oskar Hansson
Statistical methods in forensic genetics 7-10 October 2013, Copenhagen

(slides adapted from Peter Gill)
(Advanced DNA Interpretation workshop ISFG 2013, Melbourne)

7 EUROFORGEN-NOE is funded by the European Commission
o within the 7th Framework Programme
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What is Low Copy Number?

 Let’s make a list of what LCN Is not
- Its not related to an overall quantity of DNA (such as

200pQg)
- Its not restricted to ‘touch DNA
- Its not related to any particular technique

 NY court found it to be a simple extension of an
existing technique

 R. V. Reed accepted that the 34 cycle definition
was not relevant to any definition of LT-DNA

 Why can’t a definition be adduced?

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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Stochastic variation

* In a heterozygous sample, one allele is amplified more
than the other

* |Leads to heterozygous imbalance or allele drop-out
- Good quality DNA will always give heterozygous balance >60%
l.e. both target alleles are amplified with similar efficiency

e Much more pronounced with low level DNA as there is
less template DNA

 If one target gets amplified more in the first rounds of PCR
then it becomes preferentially amplified in later rounds

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Heterozygous imbalance OR allele drop-out

(from J Butler, NIST)

Copies of Copies of
allele 1 allele 2

True amount

oo o0 00
00 o0 00
o0

:: What might be sampled
o0 . by the PCR reaction...
o0 O

o0

R @
RESUH"HQ . Extreme allele
electropherogram A imbalance

Allele imbalance Allele dropout

? EUROFORGEN-NOE is funded by the European Commission
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Example of good level DNA

[D351358 | WA I [DI&SE39 I [D251338 I
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Example of low level DNA

[D351358 | WA | [D165539 | [DZs1338
100 110 120 130 140 130 160 170 180 1490 200 210 220 a0 240 230 260 270 20 2490 200 0 320 220 240

FEl e sSE |sc SGNL_Flus vl | |. |.
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Wwiork of Excallence

lllogical use of thresholds

« Falling off the cliff

For example if we have a rule =150 RFU
that states:
150 RFU — This is conventional
versus 149 RFU — This is LCN
e There is nothing in between
LCN 149 RFU

7 EUROFORGEN-NOE is funded by the European Commission
____within the 7th Framework Programme
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In reality It’'s a gentle ride downbhill

RFU

Probability of Drop-out

EUROFORGEN-NOE is funded by the European Commission
____within the 7th Framework Programme
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Continuum of change

 The peak height rules break down when the
guantity of DNA becomes very low — In
particular the Hb guideline will no longer hold
true

o Allele drop-out can lead to a heterozygous

locus being genotyped as a homozygous locus

- In standard DNA profiling, a homozygous peak height
of 150 RFU is often used (stochastic threshold) i.e.
single peaks <150 RFU are labeled ‘F’ indicating allele
drop-out may have occurred

7 EUROFORGEN-NOE is funded by the European Commission
__ll___ within the 7th Framework Programme
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This is why we prefer a universal method

Forensic Scence International Genetcs 4 (2010) 221-227

Contents lists available at ScienceDirect ' Fgu

GENETICE

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

A universal strategy to interpret DNA profiles that does not require a definition of
low-copy-number

Peter Gill*™*, John Buckleton®

“University of Strathchde Glespow, LK
® Institute of Lepal Medidne, University of Odo, Osko, Nomway
“ESR, Aucklond, New Fealond

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme

SEVENTH FRAMEWORK
PROGRAMME



.-? Norwegian Institute of Public Health '- \

% EUROFORGEN
Papers outlining heterozygous balance

Holt CL, Buoncristiani M, Wallin JM, Nguyen T, Lazaruk KD, Walsh PS.
(2002) TWGDAM validation of AmpFISTR PCR amplification kits for
forensic DNA casework. J. Forensic Sci. 47(1): 66-96.

Collins PJ, Hennessy LK, Leibelt CS, Roby RK, Reeder DJ, Foxall PA.
(2004) Developmental validation of a single-tube amplification of the 13
CODIS STR loci, D251338, D19S433, and amelogenin: the AmpFISTR
Ildentifiler PCR amplification kit. J. Forensic Sci. 49(6): 1265-1277.

L.A. Dixon, C.M. Murray, E.J. Archer, A.E. Dobbins, P. Koumi & P. Gill
(2005) Validation of a 21-locus autosomal SNP multiplex for forensic
identification purposes. For. Sci. Int. 154 (1): 62-77

Gill, P., Sparkes, R. and Kimpton, C. (1997). "Development of guidelines
to designate alleles using an STR multiplex system." Forensic Sci Int
89(3): 185-197

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Degradation

* Occurs with fragmented / degraded DNA
as there are more of the small target
molecules available for amplification

 Leads to a distinctive slope In peak
heights across the profile

7 EUROFORGEN-NOE is funded by the European Commission
__lili___ within the 7th Framework Programme
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Effect of degradation
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Allele drop-in

e A contamination event resulting in only
one or two foreign alleles

* [ndependent from gross contamination in
that it comes from different sources

7 EUROFORGEN-NOE is funded by the European Commission
_[lili__ within the 7th Framework Programme
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Contamination

e Gross contamination is identified as being
from a single contributing source

 Dependent on transfer event as to when
contamination occurred

e Could be pre-incident or post-incident

7 EUROFORGEN-NOE is funded by the European Commission
__lili___ within the 7th Framework Programme
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New methods

* |ncorporate probability of dropout and
dropin

o Uses statistical theory that is well
established

 The theory can be used to evaluate
complex mixtures

 No limitation on number of contributors

* No limitation on number of replicates that
can be combined to form a single LR

7 EUROFORGEN-NOE is funded by the European Commission
__ll___ within the 7th Framework Programme
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Introduction to the LRmix program of the Forensim R package

Oskar Hansson

(slides adapted from Hinda Haned and Peter Gill,
Advanced DNA Interpretation workshop ISFG 2013, Melbourne)

For news updates subscribe to
forensimnews@agmail.com

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Install the R software

WWw.cran.r-project.org

CRAN
Mirrors
What's new?
Task WViews
Search

Bbhout R

E Homepage
The E Journal

Software
E Sources
E BEinaries
Packages
Other

Documentation
Ianuals

3
Crntribnted

2

SEVENTH FRAMEWORK
PRO
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The Comprehensive R Archive Network

Downleoad and Install E

¢ Download B for Linux

¢ Download B for MacDs 2

¢ Download B for Windows Ge——

Precompiled binary distributions of the base systemn and contributed packages, Windows and Mac users most likely war

E. 15 part of many Linuxz distributions, you should check with your Linux package management system in addition to the 11

Source Code for all Platforms

Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source cc
compiled before you can use them. If you do not know what this means, you probably do not want to do 1t!

e The latest release (2012-06-22, Roasted Marshrnallows): E-2.15.1 tar gz read what's new i1 the latest version

L]

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme

Source code of older versions of B 15 avatlable here.

Contributed extension packages

Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

Daily snapshots of current patched and development versions are available here. Please read about new features an
corresponding feature requests or bug reports.
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Install the R software

CROH
Mirrors
What's new?
Tasl Views
mearch

hhout R

E Homepage
The E Journal

Software
E Sources
E Binaries
Packages
Other

Documentation
Manmals

FAOs
Contributed

Subdirectories;

contrib

Ftools

R for Windows

Binartes for base distribution (managed by Duncan Murdoch). This 15 what you want to install R for the first time.

Binaries of contributed packages (managed by Uwe Ligges). There 15 also information on third party software available for CRAN
services and corresponding environment and make variables,

Tools to butld R and R packages (managed by Duncan Murdochy. This 15 what you want to build your own packages on Windows, ¢
itself.

Please do not submit binartes to CRAN. Package developers might want to contact Duncan Murdoch or Uwe Ligges directly in case of questions / suggestions relal

Tou may also want to read the R FAQ and R for Windows FAQ.

Note: CRAN does some checks on these binaries for viruses, but cannot give guarantees. Use the normal precautions with downloaded executables.

EUROFORGEN-NOE is funded by the European Commission
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Install the R software

®R

CRAN
Mirrors
What's new?
Task Views
Search

Abont R

E Homepage
The B Journal

Software
E Sources
E Binaries
Packages

Other

Docomentation
Mamuals
FAQS

Contributed

e
SEVENTH FRAMEWORK
PROGRAMME

R-3.0.1 for Windows (32/64 bit)

Download R 3.0.1 for Windows (52 megabytes, 32/64 hit)

Installation and other instructions
Mew features in this version

If vou want to double-check that the package vou have downloaded exactly matches the package distributed by R, vou can compare the md3sum of the _exe to the true
fingerprint. You will need a version of md3sum for windows: both graphical and command line versions are available.

Frequently asked questions

* How do [install R when using Windows Vista?
¢ How do [ update packages in my previous version of B7

¢ Should I run 32-bit or 64-bit R?

Please see the R FAQ for general information about R and the B Windows FAQ for Windows-specific information.
Other builds

# Patches to this release are incorporated in the r-patched snapshot build
* A build of the development version (which will eventually become the next major release of R) is available in the r-devel snapshot build.

+ Previous releases

Note to webmasters: A stable link which will redirect to the current Windows binary release is
<CRAN MIEROE>bin'windows'base/'release htm.

Last change: 2013-05-16_ by Duncan Murdoch

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Install the R software

J An executable file will be downloaded.
1 R.3.0.1.exe (or newer version)
1 Simply click and follow the instructions!

? EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Install the R software

51_.153 Setup - R for Windows 3.0.1

EENEETS)

Welcome to the R for Windows
3.0.1 Setup Wizard
This will install R for Windows 3.0, 1 on your computer,

It is recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup,

Mext = || Cancel

—

Press ‘next’ until...

? EUROFORGEN-NOE is funded by the European Commission
= within the 7th Framework Programme
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Install the R software

SEVENTH FRAMEWORK
P RAJ

l[f_?;j Setup - R for Windows 3.0.1

EENEEmE)

Completing the R for Windows
3.0.1 Setup Wizard

Setup has finished instaling R for Windows 3.0.1 on your
computer. The application may be faunched by selecting the
installed icons,

Click Fimish to exit Setup.

| Finish

EUROFORGEN-NOE is funded by the European Commission

within the 7th Framework Programme
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§ EUROFORGEN
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Prepare your working folder (make sure this is set up before
the lecture)

 You have been sent some data-sets In folders —
place these Into a folder on your computer

* Place a short cut to R In the same folder (you

can drag the R icon from your desktop into your
folder)

NB! in screen shots on the following slides “your folder” is named “Melbourne”
and the sub-folders might differ from the ones you have. Also note that your
operating system might have a different appearance.

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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You are ready to launch R

Double-Click blue icon.

QO¢| .+ Computer ~ DATA (D:) -~ Melbourne -

Organize *  Indudeinlibrary +  Sharewith * Bumn  Mew folder

v Favorites Mame = Date modified Type
BE Desktop . Casel_data 29/07/2013 16:24 File folder
4 Downloads | Case2 data 29/07/2013 16:24 File folder
. Dropbox
h 2 ., Major_minar 29072013 16:21 File folder
= Recent Place
ﬁ Ri386 3.0,] S 29/07/2013 16:20 Shortout

E (Google Drive

7 EUROFORGEN-NOE is funded by the European Commission
= within the 7th Framework Programme
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Set directory to your folder

IR RGui (32-bit) forouse rorrouder ]
| File Edit View Misc Packages Windows Help i
Change working directory to:
Source R code... D:\Melbourne\Case 1_data
Mew script
Open script... . HousePurchaseWivenhoe =
Display file(s)... ., LastpstFolder
. = . Melbourne
Load Workspace... (2013-05-18) —— "G
Save Workspace... 3 The R Foundatio . 4 . " Zdata
. . N . Case
d-mingw32/1386 (3 ' -
Load History... qw32/ ( i, Major_minor
i e and comes with B 4 MyRFolder
Change dir... o redistribute it & 1. OldDropboxFilesNotin use
or "licence ()" fo # |, oldSetupfilesVirusDropboxEndnoteOffice2010
Print... |KTay >
Save to File... e support but run -
Folder: ICasel_data
Exit . . -
ive project with
Iyvpe "contributors()' for more inf Make New Folder | oK Cancel I
Y

Press OK to
set directory

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Install the Forensim package

dOption 1: install the package directly from the R
environment (Internet connection) - please follow

this option now.

1 Also download LRmix tutorial from:
http://forensim.r-forge.r-project.org/misc/L Rmix.pdf

dOption 2: Install the package manually (no
Internet connection)

= Refer to LRmix tutorial online

? EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Install the Forensim package

‘RGui (32- _
File Edit View Misc |Packages | Windows Help

HECIEE
Set CRAN mirror...

4 Load package...
IR R Console o[-l

Select repositories...

Install package(s)...
R version 3.0.1 P gl[]

Copyright (C) 207 Update packages... Lomputing
Platform: i386-wi o
Install package(s) from local zip files...
R iz free software and comes with ABSCLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Iype 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R iz a collaborative project with many contributors.
Type 'contributora()' for more information and
'citation{)' on how to cite R or R packages in publications.

IType 'demo()' for some demos, 'help()' for on-line help, or
'help.=startc() ' for an HTML browser interface to help.

Type 'gf{)!' o cuit R.

> |

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Network of Excellence

Install the Forensim package

Choose a mirror that is geographically close to you

s ek . L —
Filee Edit View Mise Packages Windows Help

EEERBRER

Eﬂt Conscle = s ———
R wversion 3.0.1 (2013-05-16) — "Good Sport™ 0-Cloud -
Copyright (C) 2013 The R Foundatiomn for Statistical Computing Argentina (La Plata) 73l
Platform: i3B6-weEd-—mingw32/i386 (32-bit) Argentina (Mendoza)
Australia (Canberra)
R iz free software and comes with ABSCLUTELY NO WARRANTY. Australia (Melbourne)
You are welcome to redistribute it under certain conditions. Austrha
Type "license()" or 'licence ()" for distribution details. Belgium
Brazil (PR)
W . . . Brazil (RJ)
atural language support but running in an English locale i
Brazil (5P 1)
R is a collaborative project with many contributors. EE?::{E:FEBZ%]
Iype "contributors(}" for more information and Canada (NS)
"citation()" on how to cite R or R packages in publications. Canada [ON)
Canada (QC1)
Iype "demo()" for some demos, "help()" for on-line help, or Canada (QC 2)
"help.start ()" for an HIML browser interface to help. Chile
Type '"g()' to guit R. China (Beijing 1)
China (Beijing 2)
> utils::imenuInstallPkgs () China (Guangzheou) L
——— Please select a CRAN mirror for use in this=s session ——- China [Hefei] =
China (Xiarnen)
Colombia (Bogota)
Colombia (Cali)
Denmark
Ecuador

? EUROFORGEN-NOE is funded by the European Commission
____within the 7th Framework Programme
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Choose package forensim
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Packages

FME

frori
fmsh
Fi5table
fmt
fhdultiear
FIM
fiNonlinear
foba
fontcm
foodweb
fOptions
forams
foreach
ForeCA
forecast
foreign
forensic

forensim

Fordmp
FormalSeries
formatR
Formula
formula.tools
fortunes
forward
fossil
Fourscores
fpc

fpca

4
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Your screen should look something like this
Make sure you have a message:” ‘forensim’

successfully unpacked”

=10l x|

You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Hatural language suppo¥t but running in an English locale

E i= a collaborative profject with many contributors.

Type 'contributors()' fgr more information and

'citation()"' on how to g¢ite K or R packages in publications.
Tyvpe 'demo() ' for some demos, '"help()' for on-line help, or
'help.start ()" for an HTML browser interface to help.

Tyvpe "gl()' to guit E.

> util=s:: imenulnstallBkg=()

——— Flease =elect a CH mirror for use in this session —---

trying URL "http:///star-www.st—andrews.ac.uk/cran/bin/windows,/contrib/3.0/forens
Content type 'applicakion/zip' length 242536 bytes (236 Eb)

| opened UEL

downloaded 236 Eb

package ‘forensim' successfully unpacked and MDS sum=s checked

The downloaded binary packages are in

l C:\Users\Peter\AppData‘\Local\Temp\Rtmpu2ujkThdownloaded packages
> | —

I

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme

.
SEVENTH FRAMEWORK
PROGRAMME



Norwegian Institute of Public Health

% EUROFORGEN

 Please try to get this far, and make sure you bring
a laptop with the R program and files preloaded
as described in the previous slides.

 This will save us a lot of time if you can do this.

e If you have a problem up to here, please contact
me for advice: oskar.hansson@fhi.no

 For those who are interested, you may wish to
attempt to start an analysis of the first case

e Continue to the next slide to do this

7 EUROFORGEN-NOE is funded by the European Commission
__ll___ within the 7th Framework Programme
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Start LRmix

Type “library(forensim)” (without

guotes) in the R console and hit [E%

Enter. This loads the Forensim E"ﬂni"g”ﬁ: ==
package. Loading Tol/Tk intecface ... done

Loading required package: toltks

Loading required package: tkrplot
= LBmixTEIl)
Tl

Then type “LRmIixTK()” to start the )
LRmix graphical user interface.

NB! Commands in R are case sensitive.

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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The main LRmix interface

LRmix; Likelihood Ratio Calculator M=E3
Evaluation of Likelihood Ratios

Load Sample Praofiles |

Load Reference Profiles

Import allele frequencies

Done!

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Input files in Lrmix (NB! The data files are already in your folder)

Type 1: CSV files, they are comma separated
files (*,’), and the decimal separator is the dot

()

Type 2: tab separated files, they are tab
separated (‘\t’, e.g. Excel), and the dot('.’) Is
the decimal separator

Never use spaces in your column-names, or in the
sample-names (epg, or references)

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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CSV file example

sampleName,Mmarker ,Allelel,Allele2 A B C D . .
Suspectl,AMEL,X,Y 1 SampleName Marker Allelel Allele2 CSV ﬂle Opened In a Spread_
Suspectl,D351358,16,17 . .
Suspectl,VWA,16,18 2 Suspectl  AMEL X Y sheet program like Microsoft
Suspectl,D165539,12,13 3 |Suspectl D351358 16 17 . .
Suspectl,D251338,19,20 e s .« 15 EXcel or Libre Office Calc.
Suspectl,D851179,9,13 . .
Suspectl,D21511,28,32 s suspect1 D16s539 12 13 Depending on the settings
Suspectl,D18551,12,15 6 |Suspectl D251338 19 20
suspectl,D195433,12,16 7 Suspectl  D8S1179 s 13 YOU May have to use a
Suspectl,TH01,6,9.3 . . w
Suspectl,FGA,19,21 8 Suspectl D21511 28 2 function like “Text to
Suspect2,AMEL,X,Y 9 |Suspectl D18S51 12 15 1
Suspect2,D351358,15,17 10 Suspectl  D195433 » 15 columns” and separate by
Suspect2,VwA,18,19
Suspect2,D165539,12,12 11 Suspectl  THOL 6 93 comma (,).
Suspect2,D251338,17,18 12 Suspectl FGA 19 21
Suspect?2,D851179,13,13
Suspect2.D21511, 30, 30 gt WS P L
Suspect2,D18551,12,20 14 suspect2 - D3si3s8 15 17 If editing in @ spread-sheet
suspect2,D19s5433,12,15 15 Suspect2 VWA 18 19
guwecg':gglég'gf 16 Suspect2 D165539 12 12 program be CaI’EfU| to save
AR SEHE 17 Suspect2 D251338 17 18 the f||e as a Csv f||e
18 Suspect2 D851179 13 13
19 Suspect2 D21511 30 30
: : 20 suspectz - Di8ss1 12 20 NBI Beware in countries
CSV file opened in a raw supez ol 235 ing comma as decimal
: s 22 Suspect2 THO1 6 9.3
‘non-destructive’ text editing ; . "
. uspect2 FGA 20 21 se pa ra to r.
program like Notepad
or Notepad++ 2L | o 60
551 12 20
5433 12 15
i1 6 09.mar
7 EUROFORGEN-NOE is funded by the European Commission \ 20 21
= within the 7th Framework Programme
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A case example

 The crime-stain is from an epithelial swab taken from the female victim

» There are two suspects accused of sexual assault, S; and S,
respectively; both deny the offence.

e This epg is classified as a low template of three or more individuals
since there are multiple alleles per locus that fall within the criterion of
the low template zone (between the LDT and the stochastic threshold
(T)) — we expect that dropout may occur, but the profiles appear to be
well represented.

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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List the alleles with informative formatting

Key:

0\

é EUROFORGEN

Crime-stain aleles

Marker | Allelel | Allde2 | Alldde3 | Alldled | S1 | S1 | S2 | S2 | Unique alleles
AMEL X Y XY | X |Y 2
D3S1358 14 16 17 (15) 16 | 17 | 15 | 17 4
VWA 16 17 18 19 16 | 18 | 18 | 19 4
D16S539 11 12 13 15 12 | 13 | 12 | 12 4
D2S1338 17 19 20 (24) | 19| 20 | 17 | 18 4
D8S1179 9 10 13 14 9 [ 13| 13| 13 4
D21S11 29 31 32 28 | 32 | 30 | 30 5
D18S51 12 16 (15) 12|15 |12 | 20 4
D19+433 12 14 15.2 16 12| 16 | 12 | 15 5
THOL 6 9.3 6 93] 6 |93 2
FGA 19 24 26 19|21 |20 | 21 5

Alleles that are shared between victim and S, or S, (green background).
Alleles that are found in the crime stain and not observed in any known individual (blue background, not applicable in this case).
Alleles that are below the detection threshold but appear to be distinct (bracketed).
Alleles that are found in the crime stain that match a known individual under Hd (victim) (red typeface).

4
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Establish the minimum number of contributors for the ‘preliminary’
propositions

a) The swab is from a victim (V). There are two suspects (S;,S,) under Hp,

b) In this example, some loci have 5 unique alleles across sets hence there is a minimum
of three individuals present under Hp.

c) A similar calculation can be made under Hd where the sets of genotypes formed by
S,,S, are not used, but in our rationale, it is convenient to anchor the minimum
numéer of contributors on Hp and to assume equivalence (this is revisited later in the
procedure).

d) Consequently, the preliminary propositions are formulated as Hp=V,S;,S, and
Hd=V,U,U

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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LRmix analysis

\-_‘
.

Hp=V,S,,S, and Hd=V,U,U 4
The log,,(LR,,, )= 5.66 is derived for a drop-out probability Pr(D)=0.16.

Pr(D) value is in fact the 5 percentile calculated from an empirical distribution of the
drop-out probability conditioned on the expected number of alleles observed relative to
the genotype of the hypothesised contributors, the procedure is described by Haned et al
(FSIG 2012)

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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Sensitivity plot

LR vs. probability of dropout

o4 N Y
<+ //\

10010( LK)
0
|

-2

o I I I I I
001 020 040 060 080 099

Pr(D)

7 EUROFORGEN-NOE is funded by the European Commission
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Main LRmix interface
LRmix: Likelihood Ratio Calculator NEE
Now we show how to: Evaluation of Likelihood Ratios
(1)Load the crime-sample profile Load Sample Profiles |
(2)Load the references L oad Reference Profiles

(suspect/victim)

Import allele frequencies

Done!

(3)Load your allele frequencies

7 EUROFORGEN-NOE is funded by the European Commission
o within the 7th Framework Programme
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Excellence

(1) Load the crime-sample profiles

LRmix: Likelihood Ratio Calculator M =E3

Evaluation ot Likelihood Ratios

Click “Load Sample Profiles” > Load Sample Profiles |

LRmix: import DN... |:||E||E|
DNA samples

Click “"Import datafile” \
Import datafile | Display profile |I

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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(1) Navigate to your folder and open the Casel data folder
Select the crime-sample profile.

epithelial

e(}- ||~ Computer - DATA (D:) ~ Melbourne ~ Case1_data * &3 [ search Case1 _data

= O @

samplename Marker ,allelel aAllele2,allele3d, Alleled

COrganize =  Mew folder

=l Recent F‘Iac_ﬂ

e _ Name * Epithelial,amEL,X,Y,,
a4 Google Drivi T Epithelial,p3s51358,14,16,17,
el I Epithelial,vwA,16,17,18,19
L) = . Epithelial,Dpl65539,11,12,13,15
4 Libraries el somiierway Epithelial,p251338,17,19,20,
“&| Documents EL suspect1 Epithelial,p8s1179,9,10,13,14
; ; - Epithelial,p21511,29,31,32,
o' Music (B suspect2 Epithelial,p18551,12,16,,
=il Pictures I1 7 Epithelial ,pl1985433,12,14,15.2,16
] Pk ) suspects Epithelial,THO1,6,9.3,,
- E ictures &L victim Epithelial,Fea,19,24,26,
I Videos
I
ﬂ!- Homegroup
8 Computer
! ﬁ Acer {C1)
[ w DATA (D3)
; i New Volume v | 4 | | Ma ke Su re
i

File name: |epithelia|

j [csvFiles (resv o) o 7]

Open I Cancel |

W =

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Display the crime-sample profile _|O| x|
DNA samples

epithelial.csv

Click ‘Display profile’,

_ Wﬂmplay profile
To make sure the data is OK

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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If everything looks good, press OK!

e You can select loci if you want

e But leave intact for this exercise

7 EUROFORGEN-NOE is funded by the European Commission
_— . within the 7th Framework Programme
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Replicate/Loci selection
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=10l x|

OK!

 Epithelial

[V D351358 (141617 )
W VWA (1617 1819)
¥ D165539 (11 121315)
¥ D251338 (171920)
¥ DES1179(9101314)
[¥ D21811(293132)

¥ D18551(1216)

¥ D195433 (121415216
[¥ THM (693}

¥ FGA(192426)




o
.-? Norwegian Institute of Public Health (\

& EURDFORGEN
(2) Load reference profiles from your folder
LRmix: Likelihood Ratio Calculator Mi=1E3
Evaluation of Likelihood Ratios @
suspects Load Sarnple Profiles |
victim » | oad Reference Profiles

Import allele frequencies

Done!

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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(2) Load reference profiles from your folder

LRmix: Likelihood Ratio Calculator

Evaluation of Likelihood Ratios

x|
Suspect(s)

Load Sample Praofiles |

Load Reference Profiles

Import allele frequencies

Done! |

Open Filel

Victim(s)

Victim.csv

You cannot see the reference
profiles

Press OK -_—

7 EUROFORGEN-NOE is funaea ny ine european commission
il within the 7th Framework Programme
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J You cannot see the reference profiles

d The program will automatically select the loci
you chose In step (1)

 If there are loci Iin the epg that are not given In
the reference profile, the program will give an error
message

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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(3) Import the allele frequencies

sgmNorway

LRmix: Likelihood Ratie Calculator,

Lopen X
;

Evaluation of Likelihoo 108 R ST v v S G e a
Load S o Profi Organize »  New folder HE o ®
o ample Fronieg ‘ - in Allele,D351358,VWA,D165539,D025133 «
B Google Driv b oo 8,D851179,D21511,D18551,D195433, T—
HO1,FGA
=) Libraries SEI'I'I|:!|EC|S|D g: LR I BB O ] |g- ggg:
Load Reference Prgfiles =] Documents B sgmiornay g N 1GT
j‘r Music @suspecﬁ]slo g,,.,0.012,,0.01,,,,0.085,
-'_D.'L! Pictures II ) victimOslo g' 3 : ?I::'TT: :?Doggi : 9,001y (0. 143, .|
. =] Pictures 10,,,0.055,,0.083, ,0.013,0.001,0.
Import allele frequencies B videos 007 ,
11,0.007,,0.3,,0.076,,0.004,0.003

13,,,0.294,;0.135,,0.126,0. 064, ,

#d Homegroup
I 12.2,,,,,,,.0.001,,
Done! | 13,0.003,,0.165,,0.338,,0.128,0.2
,,

ﬁ Computer =

T 8 e (c: 13.2,,,,.,,,0.015,,
. Acer () 14,0.129,0.087,0.027,,0.23,,0.196
uﬁ:ﬁg]ﬁ“ ig:g?z;:é'ﬁig'glgéé 0.096,,0.143
.L_:New'u'clums.ﬂﬂ_l | .D_’l-g.-.;,: ) e M 5L -

File name: [sgmNorway x| [csvFiles (m.csv, ) -]
Open I Cancel |

Once loaded, click ‘Done’ J

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Now you should see this

_iayx
Parameters
Hypotheses Unknown contributors Performance test
T e Under i Lo Ch
Onriputors undaer
- Under Hd oose suspect
Suspect1 Suspect1 I
Suspect2 Suspect2 I
¥ Victim Pr(D), Pr(C), theta number of iterations 100
Probability of Dropout Pr(D)
Contributors under Hd Probability of Contamination Pr(C) Oﬁl
¥ Victim Theta Correction (Fst) El
OK! |

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Alter the parameters
e 2 unknown contributors under Hd
 Click OK
™ Avolyse the profies, forensimv.ag (Bl
Parameters
Hypotheses Unknown contributors Performance test
. Under Hp [0 ]
Contributors under Hp Under Hd Iil Choose suspect
Suspect1 Suspect r
Suspect? Suspect2 r
V¥ Victim Pr(D), Pr(C), theta ber of iterati 100]
Probability of Dropout  Pr(D) rumber et feretions o]
Contributors under Hd Probability of Contamination Pr(C)  [0.05 El
] I Victim Theta Correction (Fst) [0]
|
OK!

7 EUROFORGEN-NOE is funded by the European Commission
o within the 7th Framework Programme

rrrrrrrrrrrrrrrr
PROGRAMME



.-? Norwegian Institute of Public Health

Results Table

o Carry out sensitivity analysis — click on button

LEmic Results, forensim v.4.0

Results

LR per Locus}
0351358 0.3:208
WA 4.899
0165539 5.091
0251338 3.6
Das1179 1037
\ D21511 0.2265
\ 018551 1.031
\  D195433 3.084
\  THOT 7.576
01623

\ FGA

Flot LR vs PrD

=18l x|

‘ 22410

Export results

within the 7th Framework Programme
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Result of sensitivity analysis

I0g10( LK)

6

4

2

-2 0

4

LR vs. probability of dropout

— /N
/& \

0.01

Pr(D)

020 040 060 080 0.99

0\

é EUROFORGEN

under Hp ========
5% percentile 0.22
95% percentile 0.42

under Hd ========
5% percentile 0.16
95% percentile 0.42

The red arrows delineate the reasonable range for Pr(D).

The LR=10° .

? EUROFORGEN-NOE is funded by the European Commission
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Case evaluation

e So far we have only done a partial evaluation

 Think about how you would further evaluate this
case?

* Are the propositions reasonable?

 Would you like to evaluate any other
propositions?

e What would a final statement look like?

7 EUROFORGEN-NOE is funded by the European Commission
__lili___ within the 7th Framework Programme
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Recap (with further explanation)

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Why exploratory?

» The purpose is not to give a 'black-box’” answer because there
is no definitive answer

> All of the answers are conditional hence the function of the
‘expert’ is to explore the various possibilities, on behalf of the
prosecution and defence.

» Some generalisations are possible

» The ‘process’ used to interpret complex DNA profiles is
provided in this talk

» Consider a major/minor(s) contributors in the following epg.
We could regard this as a typical LTDNA profile

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Step 1: examine the epg

e And Consider the case circumstances
e |S It a mixture?

? 2/1%UROFORGEN-N0E is funded by the European Commission
___within the 7th Framework Programme
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E P Case circumstances: A e
»Epithelia swab from female victim (V)

>Sexual assault with two suspects under Hp (S1, S2)

= e - - l-ll‘ ’—ﬁ| ||3’_ [~ Mark Sample For Delstion 2
120 280 20

280
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160

120

a0

b AL
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Step 1: examine the epg

e \What kind of mixture Is I1t?

 Choose from following:
e Major/minor?
e Even?

Do we expect drop-out?

« (compare with logistic regression)

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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A typical low template profile showing Pr(D) range relative to

peak height thresholds

Check the peak heights against logistic regression

to work out if drop-out is expected

Probability of dropout

15
Peak Height

S TR T 1 & T Vs oo =)
. | o]
- NI NN Ll 1
33 A ki) [ (2 ERE B Be e

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Change in philosophy o

 With the old methods we had to ‘filter’ alleles and there were
many restrictions about the kind of analysis that could be
undertaken

 The new method can evaluate profiles without filtering alleles
and are not restricted by numbers of contributors etc.

 Consequently, we are able to devise simple rules that can be
followed to produce an LR.

 The questions shift towards “what are the propositions that
should be considered”

 The role of the reporting officer now becomes a facilitator of
the court going discussion by following a logical process

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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Step 2: Make a table of alleles in the case-stain and the
known contributors

 Aformat is suggested in the next slide

* Note that the procedure here differs from the
Clayton guidelines since we must condition the
hypotheses using all the evidence under Hp — so
this means that the reference samples are
evaluated concurrently with the crime-stain

« However, all alleles are included so long as they
are above the analytical threshold (AT or
commonly LOD, limit of detection)

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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Step 2: List the alleles with informative formatting

Key:

0\

é EUROFORGEN

Crime-stain aleles

Marker | Allelel | Allde2 | Alldde3 | Alldled | S1 | S1 | S2 | S2 | Unique alleles
AMEL X Y XY | X |Y 2
D3S1358 14 16 17 (15) 16 | 17 | 15 | 17 4
VWA 16 17 18 19 16 | 18 | 18 | 19 4
D16S539 11 12 13 15 12 | 13 | 12 | 12 4
D2S1338 17 19 20 (24) | 19| 20 | 17 | 18 4
D8S1179 9 10 13 14 9 [ 13| 13| 13 4
D21S11 29 31 32 28 | 32 | 30 | 30 5
D18S51 12 16 (15) 12|15 |12 | 20 4
D19+433 12 14 15.2 16 12| 16 | 12 | 15 5
THOL 6 9.3 6 93] 6 |93 2
FGA 19 24 26 19|21 |20 | 21 5

Alleles that are shared between victim and S, or S, (green background).
Alleles that are found in the crime stain and not observed in any known individual (blue background, not applicable in this case).
Alleles that are below the detection threshold but appear to be distinct (bracketed).
Alleles that are found in the crime stain that match a known individual under Hd (victim) (red typeface).

Count the number of unique alleles in the ‘set’ in order to decide the number of contributors

PROGRAMME

EUROFORGEN-NOE is funded by the European Commission
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Step 3: Establish the minimum number of contributors for the
‘preliminary’ propositions

a) The swab is from a victim (V). There are two suspects (S;,S,) under Hp,

b) In this example, some loci have 5 unique alleles across sets hence there is a minimum
of three individuals present under Hp.

c) A similar calculation can be made under Hd where the sets of genotypes formed by
S,,S, are not used, but in our rationale, it is convenient to anchor the minimum
numéer of contributors on Hp and to assume equivalence (this is revisited later in the
procedure).

d) Consequently, the preliminary propositions are formulated as Hp=V,S;,S, and
Hd=V,U,U

? EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Step 4: Evaluate the first scenario

ne

ne

0o

OIo

&

g EUROFORGEN

position under Hp is S1,52,V

nosition under Hd 1s U1,U2,V

Note we could also use U1, V under Hd — no need for Hd to
agree on the same number of contributors

(swab from female victim so this appears in Hp and Hd)

1 Analyse the profiles, forensim v.4.0

Hypotheses

Contributors under Hp
Suspect1
Suspect2
¥ Victim

Contributors under Hd
¥ Victim

Parameters

Unknown contributors
Under Hp

[o]
Under Hd ER

Pr(D), Pr{C), theta
Probability of Dropout  PriD)
Probability of Contamination Pr(C)
Theta Correction (Fst)

ot
=]
[

=[O x|
Performance test
Choose suspect
Suspect1 o
Suspect2 I
number of iterations
OKl

OK!

? EUROFORGEN-NOE is funded by the European Commission
__l___ within the 7th Framework Programme
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Sensitivity plot evaluation

 Plotthe LR relative to all values of P(D)

e Calculate lower and upper bounds in order to
decide a reasonable range

 Report the lowest value (to be conservative)

LR vs. probability of dropout

o 4 5.667 /]
\ 7.32
- ¥
= \
- | o~ —
=
oD O -
o)
C\I.I ]
?II' ]
0.16 0.47

[ I I I [

001 020 040 060 080 0.99
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We have got this far with our analysis

 Next we need to ask questions about whether
the results themselves are robust?

 What sort of questions should you be asking?

? EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Step 5: Case re-evaluation and simplification of the propositions

Although a probative LR favouring Hp has resulted from the preliminary analysis, this has
incorporated both suspects S, and S, under Hp.

However, the likelihood ratio itself does not provide any indication about the relative
weighting of the two contributions provided by S;, S, to the actual LR result.

Consequently, the next step in the analysis is to dissect the propositions into their
constituents in order to establish the weighting and to establish the consequent probative
value of the evidence per contributor under Hp.

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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Step 5: Non-contributor test |

 Why are we doing this?

 The process is exploratory

« So what will happen if we replace a suspect with
a random man?

 We would expect the LR to be very low (an
exclusion!!)

e Therefore, the non-contributor test Is a measure
of robustness and we consider this to be an
iImportant part of model validation

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Run test
ol
Parameters
Hypotheses Unknown contributors Performance test
Contributors under H Under Hp o] Choose suspect
ontributors under
- Under Hd SUs
Suspect1 Suspect I
Suspect2 Suspect2 I
¥ Victim Pr(D), Pr(C), theta number of iteratio 100
Probability of Dropout  Pr(D)
Contributors under Hd Probability of Contamination Pr{C)
¥ Victim Theta Correction (Fst) [o]
OK! |

Click here — and click OK
to start simulation

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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Comparison of non-contributor plots

There are two suspects — so we do two non-contributor plots:
a) replace S1 with rm. (x1000) and

b) replace S2 with r.m. (x1000)

Empirical distribution function Empirical distribution function

=T —
. ” S2 - ! ™
=
S1 . : / - J
1 . =- - o
Z - Y 4 b ¢ =5- ;
a = o= | I
=
- Y 4 o
= " ™|
. . plk
o | cont Original S
T T T T = =
-25 -20 -15 -10 LR=566 o
-2 ] 2 4 3] g 10
log10 LR
PSR " log10 LR
quantile" "value "quantile" "val ue"
"min" "-24.0269" oS ol
"0.01" "-23.2479" "0.01" "0.126"
"0.05" "-21.4325" " 0' 05" " 1' 0629"
"0.5" "-16.7792" "0.5" "3.7167"
"0.95" "-10.5699" "0.95" "7.0392"
"0.99" "-8.4826" "0.99" "7.9833"
"max" "-7.4584" "max" "9.6998"
7 EUROFORGEN-NOE is funded by the European Commission
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Step 5:Summarise the results

 The calculated LR(logl0)= 5.6

 The non-contributor plot for S1 can be
summarised using the one percentile, the median
and the 99 percentile (-23,-16,-8)

 The non-contributor plot for S2 can be
summarised in the same way: (+0.1,+3.7,+7.9)

e This means that the model Is insensitive to S2
because the same result can be achieved with
random man!!

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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What does this mean?

 Beware complex propositions — the relative
weightings of the S1,52 ‘contributions’ are not
reflected in the likelihood ratio

 Therefore complex propositions must be
simplified and qualified before they can be

reported

 The non-contributor plot is a useful adjunct to
verify the likelihood ratio (define limitations of the
model) and also provides an additional way to
think about the results (court-friendly)

7 EUROFORGEN-NOE is funded by the European Commission
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Step 6: Simplify the propositions

e So far we don’t
e Soweneedtot

nave evidence for S2 under Hp

nink about different propositions

In order to reevaluate the evidence

e There seems to
S1

be good evidence under Hp for

EUROFORGEN-NOE is funded by the European Commission

_{Z;_ within the 7th Framework Programme
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New table with S1

&
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é EUROFORGEN

Marker | Alldel | Allde2 | Alldle3 | Alleled |  S1 s1 lIJ\In(I)q(l)er
dleles
AMEL X Y X Y 2
D3S1358 | 14 16 17 (15) 16 17 3
VWA 16 17 18 19 16 18 4
D16S539 | 11 12 13 15 12 13 4
D2S1338 | 17 19 20 (24) 19 20 4
D8S1179| 9 10 13 14 9 13 4
D21S11 29 31 32 28 32 4
D18S51 12 16 (15) 12 15 3
D19$433 | 12 14 15.2 16 12 16 4
THO1 6 9.3 6 9.3 2
FGA 19 24 26 19 21 4

7 EUROFORGEN-NOE is funded by the European Commission
e within the 7th Framework Programme
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Analysis

Visual examination of the evidence (table 2) revealed that S; has more matching alleles than
S,; furthermore the crime stain could be explained under Hp if it was a simple mixture of V and
S, (with three dropped-out alleles).

Individual S, is not required at all in the analysis, since there are no missing alleles observed
in the crime stain (Hp=V,S,).

Although the number of unique alleles reduces the number of contributors to two, in order to
be consistent, three contributors are evaluated and the propositions are simplified to:
Hp=S,,V,U and Hd=V,U,U.

(note the LR is much larger if two contributors are analysed under Hp and Hd — data not
shown, hence the choice of three contributors is demonstrably conservative).

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme
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New proposition: Hp=S1,V,U and Hd=V,U,U

A\
o

The new log,,(LR, )= 7.32; Pr(D,,)=0.16

LR vs. probability of dropout
T Y/ N —

Lo / \
<

. |

I | | | |
0.01 020 040 0.60 0.80 0.99

Pr(D)

10g10(LR)
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Now determine the S2 effect

Hp=S,,V,U; Hd=V,U,U.
Pr(D,)=0.16

109;0(LRmin)= -2.6 Which is clearly ‘exclusionary’

LR vs. probability of dropout

N ﬂ\//
_
e S
-
—
S © -
(@)
g .
00

T 1 | | | |
001 020 0.40 0.60 0.80 0.99

Pr(D)

-10
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Step 7: Non-contributor performance (Np) tests summary

Np tests can be used to support the conclusion that evidence supporting S; is ‘inclusionary’
whereas evidence supporting S, is ‘exclusionary’

Three person mixture Non-contributor
performance
Hp Hd Randomman | logio(LR) percentiles
substituted

S,.SV | V,uU S 55 (-21,-15,-7)
S,.SV | V,uU S 55 (+0.17,+4.2,+8.2)
S,v,u | vuu S 7.2 (-10,-5,+0.14)
SVu | Vuu S -3 (-10,-5,+0.14)

? EUROFORGEN-NOE is funded by the European Commission
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Principles to follow when evaluating complex sets of hypotheses
Conditioning rules (a)

* Conditioning hypotheses are defined by the casework
circumstances

e Remember to evaluate the hypotheses based on the
number of contributors derived from the unique number
of alleles in the ‘set’ observed in the epg: i.e. the sum of
alleles of known contributors and the sum of alleles of
the crime-stain(s) under Hp (to maximise)

* Do not use the drop-in principle to ‘explain away’
additional contributors

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Principles to follow when evaluating complex sets of hypotheses
Conditioning rules (b)

e |f there are two or more ‘suspects’ under Hp then the
hypothesis should be simplified i.e. evaluate: S1,V,U in
addition to S1,S2,V

e [tisimportant to explore the likelihood ratio by use of
the non-contributor plot.

 Inthe S1,52,V example we show that the LR is very
insensitive to S2 (random man still gives a high LR)

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Summary of results

e (Case circumstances

— Both S1 and S2 are suspects of sexual assault and a
sample is taken from the victim. We condition on the

victim under Hd

— No evidence for S2 in the crime stain [even though a
three person evaluation with S1,52 under Hp gives a
high LR=1og10(5)

— Advice: Simplify propositions if there are two suspects
- always evaluate them separately.

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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ISFG DNA commission
recommendations

Oskar Hansson

Statistical methods in forensic genetics 7-10 October 2013, Copenhagen

(slides adapted from Peter Gill)
(Advanced DNA Interpretation workshop ISFG 2013, Melbourne)
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Available online at www.sciencedirect.com —
SCIENCE @mnzcr* F.mﬂlﬁm}e
ELSEVIER Forensic Science International 160 (2006) 90-101 M

www.elsevier.com/locate/forsciint

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

P. Gill **, C.H. Brenner”, J.S. Buckleton, A. Carracedo d,_ M. Krawczak®, W.R. Mayr £
N. Morling & M. Prinz", PM. Schneider’, B.S. Weir’

EUROFORGEN-NOE is funded by the European Commission
within the 7th Framework Programme
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ISFG DNA commission recommendations

« Recommendation 1: The likelihood ratio is the
oreferred approach to mixture interpretation. The
RMNE approach is restricted to DNA profiles
where the profiles are unambiguous. If the DNA
crime stain profile is low level and some minor
alleles are the same size as stutters of major
alleles, and/or If drop-out Is possible, then the
RMNE method may not be conservative.

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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ISFG DNA commission recommendations

« Recommendation 2: Even if the legal system
does not implicitly appear to support the use of
the likelihood ratio, it is recommended that the
scientist Is trained in the methodology and
routinely uses it in case notes, advising the court
In the preferred method before reporting the
evidence In line with the court requirements. The
scientific community has a responsibility to
support improvement of standards of scientific
reasoning in the court-room.

7 EUROFORGEN-NOE is funded by the European Commission
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ISFG DNA commission recommendations

« Recommendation 3: The methods to calculate
Ikelihood ratios of mixtures (not considering
neak area) described by Evett et al [13] and
Weir et al [14] are recommended.

7 EUROFORGEN-NOE is funded by the European Commission
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ISFG DNA commission recommendations

« Recommendation 4: If peak height or area
Information is used to eliminate various
genotypes from the unrestricted combinatorial
method, this can be carried out by following a
seguence of guidelines based on Clayton et al
[17].

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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ISFG DNA commission recommendations

« Recommendation 5: The probability of the
evidence under Hp is the province of the
prosecution and the probability of the evidence
under Hd is the province of the defence. The
prosecution and defence both seek to maximise
their respective probabilities of the evidence

orofile. To do this both Hp and Hd require

oropositions. There is no reason why multiple
pairs of propositions may not be evaluated

(Appendix 3).
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Example of generalisation

« How many contributors in a DNA profile?

e Classically we decide on the number of
contributors by counting the number of alleles
present per locus

* By consideration of the casework
circumstances

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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Anchoring the prosecution® '
hypothesis

_PrE|Hp
PrE|Hd

Not anchored — the number of propositions is the same in numerator

and denominator:
S+U,+U, +U, \\\\\\LR

UO +U1+U2 +U3

Anchored - the number of propositions is different in numerator

and denominator:
S+U,
U +U +U_+U / LR
0 1 2 3

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme Contributors under Hd
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How does this help?

8
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o Usually the scientist decides the number of
contributors on behalf of both prosecution and
defence

o Minimising the number of contributors usually
maximises the Probability on behalf of the defence

 The foregoing is a generalisation which may not
always be true (Buckleton et al 2007).

* |s the generalisation true in this case?

 check the trend by analysing multiple
propositions

7 EUROFORGEN-NOE is funded by the European Commission
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ISFG DNA commission recommendations

« Recommendation 6: If the crime-profile is a
major/ minor mixture, where minor alleles are
the same size (height or area) as stutters of
major alleles, then stutters and minor alleles are
iIndistinguishable. Under these circumstances
alleles In stutter positions that do not support Hp
should be included in the assessment.
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ISFG DNA commission recommendations

« Recommendation 7: If drop-out of an allele Is
required to explain the evidence under Hp: (S = ab;
E = a), then the allele should be small enough
(height/area) to justify this (i.e. the allele should be
below a predetermined threshold).

e Basically, this means that if an allele found in the reference
sample is missing in the crime stain then it is not necessarily
neutral evidence.

 Reworking the sample is always important to see if we can
recover the missing alleles.

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme

SEVENTH FRAMEWORK
D A



o /
.-? Norwegian Institute of Public Health \ \

% EUROFORGEN

ISFG DNA commission recommendations

» Recommendation 8: When a DNA profile is at a
level that Is dominated by background noise,
then a biostatistical interpretation should not be

attempted.

7 EUROFORGEN-NOE is funded by the European Commission
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ISFG DNA commission recommendations

« Recommendation 9: In relation to low copy
number, stochastic effects limit the usefulness of
heterozygous balance and mixture proportion
estimates. In addition, allelic drop-out and allelic
drop-in (contamination) should be taken into
consideration of any assessment.

7 EUROFORGEN-NOE is funded by the European Commission
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New ISFG DNA commission

 New commission recently reported and
recommends the incorporation of dropin and
drop-out into probabilistic calculations

Forensic Science International: Genetics 6 (2012) 679-688

Contents lists available at SciVerse ScienceDirect FSI

GENETICS

Forensic Science International; Genetics

journal homepage: www.elsevier.com/locate/fsig

DNA commission of the International Society of Forensic Genetics:
Recommendations on the evaluation of STR typing results that may
include drop-out and/or drop-in using probabilistic methods

P. Gill "-b'l'*, L. Gusmado , H. Haned d W.R. Mayr¢, N. Morling, W. Parson?, L. Prieto",
M. Prinz’, H. Schneider’, P.M. Schneider*, B.S. Weir'

* Norweglan Institute of Public Health, Oslo, Norway
By niversiry of Okla Osln Narwav
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Interpretation process Is an interaction
of the expert with a statistical model

Dropout Alleles
{ ) Statistical Likelihood
circumstances opinion ratio
Number
of
contributors Stutters

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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Numbers of contributors

 There is no need to anchor the number of
contributors to be the same under Hp and Hd —
they will often be different

* There will be differences between prosecution
and defence hypotheses that courts will wish to
explore. Software will facilitate the exploration

7 EUROFORGEN-NOE is funded by the European Commission
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More generalisations

e Don’t ignore inconvenient (to the prosecution)
events.

o Use statistical tools to explore the data so we
can understand what Is going on

* The statistical analysis may suggest that
samples need to be reworked as a preferable
option

7 EUROFORGEN-NOE is funded by the European Commission
Il within the 7th Framework Programme
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Summary of New ISFG DNA!
commission recommendations

* Probabilistic methods following the ‘basic model’
described here can be used to evaluate the evidential
weight of DNA results considering drop-out and/or drop-in.

o Estimates of drop-out and drop-in probabilities should be
based on validation studies that are representative of the
method used.

 The weight of the evidence should be expressed following
likelihood ratio principles.

* The use of appropriate software is highly recommended
to avoid hand-calculation errors.
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Validation of LRmix

Oskar Hansson
Statistical methods in forensic genetics 7-10 October 2013, Copenhagen

? EUROFORGEN-NOE is funded by the European Commission
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Recent paper...

Forensic Science Intemational: Genetics 7 (2013) 251-263

Contents lists available at SciVerse ScienceDirect

S|

GENETICS

Forensic Science International: Genetics

EI.SEVIER journal homepage: www.elsevier.com/locate/fsig

A new methodological framework to interpret complex DNA profiles using
likelihood ratios

P. Gill*>* H. Haned ¢

# Norwegian Institute of Public Health, Oslo, Norway
® University of Oslo, Oslo, Norway

 Netherlands Forensic Institute, Department of Human Biological Traces, The Hague, The Netherlands
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Validation of simulation models

“validation 1s a demonstration that a model within 1ts domain
of applicability possesses a satisfactory range of accuracy
consistent with the intended application of the model”.

Rykiel et al.

7 EUROFORGEN-NOE is funded by the European Commission
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A framework for probabilistic model comparison

a) Provide a ‘basic model’ as open-source software.

b) Provide version control: LRmix sources are available (within the
Forensim package) from the R-Forge collaborative platform,
which offers software versioning, and code checks. This ensures
that all changes made to the program are recorded and
documented via a revision control system. The changes logs
and all previous versions of the package can be downloaded
from https://r-forge.r-project.org/projects/forensimj/.

c) Provide a standard set of example data to create a ‘test-set’ that
can be universally applied to any model (see supplementary
files).

d) In addition we provide a method to enable comparative studies
to be carried out across divergent methods of analysis, based on
non-contributor tests.

7 EUROFORGEN-NOE is funded by the European Commission
il within the 7th Framework Programme
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A validation schema

a) Face validity: Is the model output and its behaviour reasonable?

b) Comparison to other models: see an example in Haned et al. |1].

¢) Sensitivity analysis and Extreme condition testing: The model
output should reflect extreme events e.g. when Pr{D) is set (o
zero and the profile has evidence of dropout then the LR should
be very low.

d) Non-contributor performance tests: If the contributor of interest,
e.g. the suspect 1s replaced by simulated random man in the
specific model, then the resulting LR distribution should be
distinguished from the LR observed when the contributor of
interest 1s analysed.

a-c Rykiel et al.
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Estimating P(D) and P(C)

Oskar Hansson
Statistical methods in forensic genetics 7-10 October 2013, Copenhagen

? EUROFORGEN-NOE is funded by the European Commission
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Forensic Science International: Genetics 6 (2012) 679-688

Contents lists available at SciVerse ScienceDirect FSI
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Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

DNA commission of the International Society of Forensic Genetics:
Recommendations on the evaluation of STR typing results that may
include drop-out and/or drop-in using probabilistic methods

P. Gill *** L. Gusmao ¢, H. Haned ¢, W.R. Mayr ¢, N. Morling’, W. Parson¥, L. Prieto ",
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Appendix B Is describes the process for dropout

Consider different sample types...

Dropout probability as a function of present-allele height (AT=50)
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Is not discussed In detall...

Negative controls can be used to estimate the drop-in

X spurious alleles are observed in n controls, Pr(C)=x/n

Level will increase by the sensitivity of the process:
* Increased number of PCR cycles
 New instruments (e.g. 3500)
* More robust and sensitive kits

7 EUROFORGEN-NOE is funded by the European Commission
__lll___ within the 7th Framework Programme

SEVENTH FRAMEWORK
PROGRAMME



o =
.-? Norwegian Institute of Public Health \ \

% EUROFORGEN
Drop-in

» Consider the ‘scope’ of your negative controls:
 PCR negative controls
e Extraction negative controls
e Extraction negative controls with blank swab/FTA
* Negative controls that follow from stain collection?...

« Remember to distinguish from gross contamination
« Allow only 1 or 2 drop-ins per control
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