J.M. Butler - SWGDAM STR Interpretation Guidelines

Promega 2010 Technical Leaders meeting

October 14, 2010

NIJ

National
h;s titute
of Justice

SWGDAM Autosomal STR
Interpretation Guidelines

John M. Butler (NIST)

ISHI 2010 Technical Leaders Meeting
San Antonio, TX
October 14, 2010

g NIST

NIST and NIJ Disclaimer

Funding: Interagency Agreement 2008-DN-R-121 between the
National Institute of Justice and NIST Office of Law
Enforcement Standards

Points of view are mine and do not necessarily represent the
official position or policies of the US Department of Justice or
the National Institute of Standards and Technology.

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

SWGDAM Disclaimer...

Presentation Outline
* Collect some initial impression of the guidelines

¢ Provide background on the SWGDAM mixture
committee and goals in developing these guidelines

¢ Review recommendations and protocols needed

¢ Answer questions you may have on specific guidelines

Elements of DNA Mixture Interpretation

ISFG Recommendations
SWGDAM Guidelines

‘Principles (theory)‘

v v
. Your Laboratory
‘Protocols (valldatlon)‘ SOPs
A
v .
‘ Practice (training & experience) ‘ Training within

Your Laboratory
Consistency across analysts

Periodic training will aid accuracy
and efficiency within your laboratory.

SWGDAM STR Guidelines

¢ The January 14, 2010 approved SWGDAM STR

Guidelines were publicly released April 8, 2010 on
the FBI website for the CODIS group:
http://www.fbi.gov/hg/lab/html/codis1l.htm
(underneath the Audit document information).

— The direct links are:

— http://www.fbi.gov/hg/lab/html/codis_swgdam.htm

(html text version)
— http://www.fbi.gov/hg/lab/html/codis_swgdam.pdf
(pdf version)

SWGDAM Interpretation Guidelines
for Autosomal STR Typing
by Forensic DNA Testing Laboratories

¢ Guidelines
— Not Standards
— No lab should be audited against this document

¢ Autosomal STR Typing

— This document does not address Y-STRs, mitochondrial
DNA testing, or CODIS entries

¢ Forensic DNA Testing Laboratories

— Databasing labs may have different issues since they are
working with known single source samples

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Questions for Discussion

* How has your lab reacted to the SWGDAM Guidelines?
¢ Have the new guidelines helped improve your SOPs?

¢ Have they made mixture interpretation more consistent
in your laboratory?
¢ Impact of new guidelines:
— Have you had any issues on audits because of the new
guidelines?
— Have you had court challenges because your previous protocols
did not match the new guidelines?

— Are you thinking about changing your statistical approach (e.g.,
from CPI to LR)?

October 14, 2010

Process of Creating SWGDAM Guidelines

¢ Recognized need and/or request for guidance on a particular
topic received (e.g., mixture interpretation)

A committee is formed and individuals selected to participate
(the committee selects a chair that directs the efforts)

.y ° Committee works to produce a document

2009 e Committee product provided to full SWGDAM for comment
2%8‘9 * Committee revises document based on comments received
Jan |* Full SWGDAM group evaluates and discusses the document
2010{ SWGDAM approves based on a membership vote

Apr e Guidance document released to the public usually through
2010 the FBI website (Forensic Science Communications)

Jan
2007

Because of most work is done only during semiannual meetings*, it
can take several years to complete this process.

*In some cases phone conferences, WebEx, or in-person are conducted

Members of SWGDAM Mixture Committee
over the time period of Jan 2007 to Jan 2010

¢ John Butler (NIST) — chair Gary Sims (CA DOJ) - co-chair
¢ Mike Adamowicz (CT) Joanne Sgueglia (MA)

¢ Terry Coons (OR) Gary Shutler (WA)

¢ Jeff Modler (RCMP) Cecelia Crouse (PBSO)

¢ Phil Kinsey (MT) Hiron Poon (RCMP)

¢ Todd Bille (ATF) Steve Lambert (SC)

¢ Allison Eastman (NYSP)

¢ Bruce Heidebrecht (MD)

¢ Tamyra Moretti (FBI DNA Unit I)
¢ George Carmody (Carleton U)

* Roger Frappier (CFS-Toronto) The 15 members in bold font

 Jack Ballantyne (UCF/NCFS) were involved with most of the
writing (July-Oct 2009)

Steven Myers (CA DO)J)
Ann Gross (MN BCA)

Committee Member Backgrounds

e State Lab — CA (x2), OR, WA, MT, MN, CT, MA, MD
 State/Local Lab — CFS Toronto (early on PBSO)

¢ Canadian Labs — RCMP, CFS Toronto

* Federal Lab/Agency — FBI, NIST

* Academic —Jack Ballantyne, George Carmody

With 15 members, we represented almost one-third of SWGDAM

Needed Revisions After a Decade...

Quality )
Standards Standards (2009)

http:// fbi i htm http://www.fbi.gov/ha/lab/html/codis_swgdam.pdf
STR Interpretation N STR Interpretation
Guidelines ideli
Guidelines (2010)
1066 words 9862 words
(4 pages) (28 pages)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Mention of Mixtures in the July 2009
Revised Quality Assurance Standards (QAS)

¢ QASStandard 5.3.2
— A casework CODIS administrator shall be or have been a current or previously
qualified DNA analyst ... with documented mixture interpretation training.
¢ QAS Standard 8.3.1
— Internal validation studies conducted after the date of this revision shall
include as applicable: known and non-probative evidence samples or mock
evidence samples, reproducibility and precision, sensitivity and stochastic
studies, mixture studies, and contamination assessment. Internal validation
studies shall be documented and summarized...
* QAS Standard 8.3.2
— Internal validation shall define quality assurance parameters and
interpretation guideli i ing as i ideli for mixture
interpretation.
¢ QASStandard 9.6.4

-1 ies

forensic shall have and follow a documented
procedure for mixture interpretation that addresses major and minor
contributors, inclusions and exclusions, and policies for the reporting of
results and statistics.
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SWGDAM (2000) STR Interpretation Guidelines

3. Interpretation of Results

3.1. The laboratory should define condiions inwhich the data would
leadito the conclusion that the source of the DNA is either fiom a
single person or more than one person. This may be accomplished

Cl earl m O re ‘an examination of the number of alleles at each locus, peak
Yy heighaios. ancior b ensies
Infor atl on |S 3.1.1. Single ContibutorA semple may be
m considered fo be from a single confrbutor when the
abserved number ofalleles of each lacus and the
d d t h I signal intensity ratios of alleles atelocus are
needed to nelp Consistentuit  rofls rom a singl contuar All
loci should be evaluated in making this deteminatien.
with mixture 1.2 b i o ot A

sample may be considered to consist of a mixture of
major and minor contributors ifthere is @ distinct
contrastin signal intensities among the alleles. The
difierence is evalusted on & case-by-case context Al
loci should be evaluated in making this determination.

interpretation...

3.1.3. Mitures With & Kinown Contrituton’s/in some
cases, when one of the contributors (2.g. the victim) is
known, the genetic profile of the unknown contributor
may be inferred. Depending on the profles in the
specific instance, this can be accomplished by
subtracting the contibution ofthe known danor from
the mixed profile

3.1.4. Mituras With Inclstinguishable Contritutors:
‘When major or minor contibutors cannot be
distinguished because of similarity in signal
intensities or the presence of shared or masked
alleles, indivicuals may stil be inclucled or excluded
&s possible contrbutors.

Mixtures — 7 sentences

Purpose and Scope of Document (1)

SWGDAM Interpretation Guidelines for Autosomal STR Typing
by Forensic DNA Testing Laboratories

This document provides guidelines for the
interpretation of DNA typing results from short
tandem repeats (STR) and supersedes the
Scientific Working Group on DNA Analysis
Methods (SWGDAM) Short Tandem Repeat (STR)
Interpretation Guidelines (2000). The revised
guidelines are not intended to be applied
retroactively.

Purpose and Scope of Document (2)

Purpose and Scope of Document (3)

SWGDAM Interpretation Guidelines for Autosomal STR Typing
by Forensic DNA Testing Laboratories

SWGDAM Interpretation Guidelines for Autosomal STR Typing
by Forensic DNA Testing Laboratories

Guidance is provided for forensic casework
analyses on the identification and application of
thresholds for allele detection and
interpretation, and appropriate statistical
approaches to the interpretation of autosomal
STRs with further guidance on mixture
interpretation.

Laboratories are encouraged to review their
standard operating procedures and validation data
in light of these guidelines and to update their
procedures as needed. It is anticipated that these
guidelines will evolve further as future technologies
emerge. Some aspects of these guidelines may be
applicable to low level DNA samples. However, this
document is not intended to address the
interpretation of analytical results from enhanced
low template DNA techniques.

Purpose and Scope of Document (4)

SWGDAM Interpretation Guidelines for Autosomal STR Typing
by Forensic DNA Testing Laboratories

Due to the multiplicity of forensic sample types and the
potential complexity of DNA typing results, it is
impractical and infeasible to cover every aspect of DNA
interpretation by a preset rule. However, the laboratory
should utilize written procedures for interpretation of
analytical results with the understanding that specificity
in the standard operating protocols will enable greater
consistency and accuracy among analysts within a
laboratory.

Overview of these SWGDAM Guidelines

1. Preliminary evaluation of data — is something a peak and is
the analysis method working properly?

2. Allele designation — calling peaks as alleles

3. Interpretation of DNA typing results — using the allele
information to make a determination about the sample

Non-allelic peaks

Application of peak height thresholds to allelic peaks

Peak height ratio

Number of contributors to a DNA profile

Interpretation of DNA typing results for mixed samples

ov s W e

. Comparison of DNA typing results

4. Statistical analysis of DNA typing results — assessing the
meaning (rarity) of a match

Other supportive material: statistical formulae, references, and glossary

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm




J.M. Butler - SWGDAM STR Interpretation Guidelines October 14, 2010
Promega 2010 Technical Leaders meeting

Sample . A
D:;;oms;:d Steps in DNA Interpretation “Must” (used 29 times) vs. “Should” (used 41 times)
Collected
Extraction

Q“f"F"’gﬁ‘F:“" “Must” used when the FBI revised Quality
Assurance Standards (2009) cover the topic:

Amplification

CE
Separation/
Detection

c
S
o
(]
Q
[l
@
a

e FBI QAS Standard 9.6.1:

Signal observed

“o\é - — The laboratory shall verify that all control results meet the
@@6 laboratory’s interpretation guidelines for all reported
& results.
SN N >
A « SWGDAM Interpretation Guidelines 1.3.1
& .
%\0\ ‘o/\‘(\@ £° nterpretation Guidelines 1.5.1:
= ) ‘\\Q‘ © - - — The laboratory must establish criteria for evaluation of the
o° #\* &% following controls, including but not limited to: reagent
Q¢ vw"\’ Comparison to Known(s) blank and positive and negative amplification controls.
Weight of Evidence (Stats)

Interpretation of Evidence Completed

“Must” (used 29 times) vs. “Should” (used 41 times)
before Comparison to Knowns
“Should” used for (most) other guidelines * “3,6.1. The laboratory must establish guidelines to
ensure that, to the extent possible, DNA typing
results from evidentiary samples are interpreted

* The FBI QAS do not address a requirement before comparison with any known samples, other

regarding peak height ratios. than those of assumed contributors.”
* SWGDAM Interpretation Guidelines 3.3.1: — While the FBI QAS do not address this issue, this is an
— The laboratory should establish PHR requirements example of an issue felt by the committee members to be
based on empirical data for interpretation of DNA of such importance that it warranted a “must.”

typing results from single-source samples...

List of Recommendations and Protocols Needed Standard Operating Procedures
according to the 2010 SWGDAM Guidelines (SOPS)

“It is recommended that standard operating
procedures for the interpretation of DNA
typing results be sufficiently detailed that
other forensic DNA analysts can review,
understand in full, and assess the laboratory’s
policies and practices. The laboratory's
interpretation guidelines should be based
upon validation studies, scientific literature,
and experience.”

* See 3-page handout

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Your Laboratory Interpretation Guidelines

Standard Operating
Procedures (SOPs)

Validation
studies

Literature

Experience

SWGDAM Guidelines (2010) Introduction: ...the laboratory should utilize written procedures
for interpretation of analytical results with the understanding that specificity in the standard
operating protocols will enable greater consistency and accuracy among analysts within a
laboratory. It is recommended that standard operating procedures for the interpretation of DNA
typing results be sufficiently detailed that other forensic DNA analysts can review, understand in
full, and assess the laboratory’s policies and practices. The laboratory's interpretation
guidelines should be based upon validation studies, scientific literature, and experience.

Useful Articles on DNA Mixture Interpretation

Buckleton, J.S. and Curran, J.M. (2008) A discussion of the merits of random man
not excluded and likelihood ratios. Forensic Sci. Int. Genet. 2: 343-348.

Budowle, B., et al. (2009) Mixture interpretation: defining the relevant features for
guidelines for the assessment of mixed DNA profiles in forensic casework. J.
Forensic Sci. 54: 810-821.

Clayton, T.M., et al. (1998) Analysis and interpretation of mixed forensic stains
using DNA STR profiling. Forensic Sci. Int. 91: 55-70.

Gill, P., et al. (2006) DNA commission of the International Society of Forensic
Genetics: Recommendations on the interpretation of mixtures. Forensic Sci. Int.
160: 90-101.

Gill, P., et al. (2008) National recommendations of the technical UK DNA working
group on mixture interpretation for the NDNAD and for court going purposes. FS/
Genetics 2(1): 76-82.

Schneider, P.M., et al. (2009) The German Stain Commission: recommendations
for the interpretation of mixed stains. Int. J. Legal Med. 123: 1-5.

Threshold Decisions You Must Make

Thresholds to Determine

Decisions You Must Make

Useful Validation Data

Analytical = RFU

Single overall value or color
specific

Noise levels in negative controls
or non-peak areas of positive
controls

Stochastic = RFU

Single overall value or condition
specific

Level where dropout occurs in low
level heterozygous samples under
conditions used (e.g., different
injection times, post-PCR
cleanup)

Stutter filter = %

Profile, locus, or allele-specific

Stutter in single source samples
(helpful if examined at multiple
DNA quantities)

Peak Height Ratio=__ %

Profile, locus, or signal height
(quantity) specific

Heterozygote peak height ratios in
single source samples (helpful if
examined at multiple DNA

Major/Minor Ratio =

When will you attempt to separate
components of a mixture into
major and minor contributors for
profile deductions?

Defined mixture ratios (e.g., 1:1,
1:3, 1:5, 1.7, 1:9) with known
samples to observe consistency
across loci and to assess ability to

deduce correct contributor profiles

Points to Address Today
Related to Mixtures

Stochastic thresholds, Stutter and Stats
¢ Stochastic thresholds — ideas for setting them

e Stutter peaks — accounting for them statistically in
mixtures

e Statistical issues — required use with inclusions and
appropriate use of different statistical approaches

Example values
(empirically determined
based on own internal
validation)

Peak not
considered
reliable

Two Thresholds

Stochastic Threshold

(Match Interpretation Threshold)

Analytical Threshold

(Peak Amplitude Threshold)

Noise

Suggestions on Setting Stochastic Threshold(s)
and Validation Experiments to Perform

* Need to test known heterozygous samples where
you expect to see dropout (generally <100 pg)

* It is beneficial to run more than one sample to see
how well they behave at different amounts

* Itisimportant to keep in mind that thresholds are
not absolute and really reflect risk in incorrectly
assigning a homozygote as such when allele dropout
has occurred from a true heterozygote

To understand our system performance, we have used 3 fully heterozygous samples with
5-10 replicates at 2 ng, 1 ng, 800 pg, 500 pg, 400 pg, 300 pg, 200 pg, 100 pg, 30 pg, & 10 pg

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Setting Stochastic Thresholds

Identifiler, 28 cycles
3130xl, 10 sec @ 3kV inj

Highest peak height of false homozygote = 274 RFU

Stochastic Threshold for this data set = 275 RFU

October 14, 2010

Setting Stochastic Thresholds

* 200 RFU

¢ Stochastic threshold — point
at which data is considered
- reliable
e “Level of risk”: the higher
you go, the less risk you have
but you start to lose more
'Drop-out data for statistics

*False homozygote because it is above the
200 RFU stochastic threshold

3. Interpretation of DNA Typing Results

3.1. Non-Allelic Peaks

3.2. Application of Peak Height Thresholds to Allelic Peaks
3.3. Peak Height Ratio

3.4. Number of Contributors to a DNA Profile

3.5. Interpretation of DNA Typing Results for Mixed Samples

3.6 Comparison of DNA Typing Results

3.5. Interpretation of DNA Typing Results
for Mixed Samples

3.5.1. Use of PHR to determine major/minor
3.5.2. Document any assumptions used in mixture deconvolution
3.5.3. Use of mixture ratios to distinguish contributor profiles

3.5.4. Mixtures with single major contributor
3.5.5. Mixtures with multiple major contributors
3.5.6. Mixtures with indistinguishable contributors

3.5.7. Use of “known” contributors to refine interpretation

3.5.8. Interpretation of potential stutter peaks in a mixed sample

3.5.8. Interpretation of Potential Stutter
Peaks in a Mixed Sample

3.5.8.1. For mixtures in which minor contributors are
determined to be present, a peak in stutter position
(generally n-4) may be determined to be 1) a stutter
peak, 2) an allelic peak, or 3) indistinguishable as
being either an allelic or stutter peak. This
determination is based principally on the height of
the peak in the stutter position and its relationship
to the stutter percentage expectations established
by the laboratory.

Consideration of Peak in Stutter Position

Major component alleles Possibilities for Minor

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

a,a
a,b
Stutter, ’
minor contributor, ae
Minor or both ad
contributor )
allele o« Probability of
l Height l Inclusion =
Ratio 2
+fy +fa+
between fa+fp*fc+fy)

é aand b? A If peak height of peak a is
within established PHR of

(a) (b) (c) (d) peak b peak height

Fig. 4. ¢ and d are unambiguous alleles, b is a minor allele in a stutter position
and @ is an unambiguous minor allele.

Gill et al. (2006) DNA Commission of the International Society of Forensic Genetics:
Recommendations on the interpretation of mixtures. Forensic Sci. Int. 160: 90-101
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4. Statistical Analysis of DNA Typing Results

Genetic loci and assumptions used for stats calculations must be documented

4.1. Stats required in support of any inclusion
4.2. Stats to come from evidentiary items not from knowns
4.3. Must not use inconclusive/uninterpretable data in stats
4.4. Exclusionary conclusions do not require stats
4.5. Must document population database used
4.6. Must document statistical formulae used

4.6.1. Selection of suitable statistical approach

4.6.2. A composite statistic is not appropriate

4.6.3. CPE/CPI alleles below stochastic threshold
may not be used to support an inclusion

4.7. Source attribution criteria must be established

October 14, 2010

Stats Required for Inclusions

SWGDAM Interpretation Guideline 4.1:

“The laboratory must perform statistical analysis in
support of any inclusion that is determined to be
relevant in the context of a case, irrespective of the
number of alleles detected and the quantitative
value of the statistical analysis.”

Buckleton & Curran (2008): “There is a considerable aura
to DNA evidence. Because of this aura it is vital that weak
evidence is correctly represented as weak or not
presented at all.”

Buckleton, J. and Curran, J. (2008) A discussion of the merits of random man not excluded and
likelihood ratios. Forensic Sci. Int. Genet. 2: 343-348.

No Composite Statistics

SWGDAM Interpretation Guideline 4.6.2:

“It is not appropriate to calculate a composite
statistic using multiple formulae for a multi-locus
profile. For example, the CPl and RMP cannot be
multiplied across loci in the statistical analysis of an
individual DNA profile because they rely upon
different fundamental assumptions about the
number of contributors to the mixture.”

Summary of Statistical Analysis Sections

* Guidelines do not state a preference for one
statistical method over another

* Some worked examples for various statistical
formulae are provided in Section 5

¢ These guidelines provide information as to the
appropriate ways to apply various statistical
methods, and their limitations (see Table 1)

All Statistical Approaches Are Considered

Table 1 — Suitable Statistical Analyses for DNA Typing Results
The statistical methods listed in the table cannot be combined into one
calculation. For example, combining RMP at one locus with a CPI calculation at a
second locus is not appropriate. However, an RMP may be calculated for the
major component of a mixture and a CPE/CPI for the entire mixture (as referred
toin section 4.6.2)

Calegory of DNA Typing Result RMP CPE/CPI | LR(1)
Single Source v v
Single Major Contributor to a Mixture v v
Multiple Major Contributors to a Mixture v (2) v (2) v
Single Minor Contributor to a Mixture v v o3 W
Mulfiple Miner Centributors fo a Mixture v (2) v (3) v
Indistinguishable Mixture v (1) v v

(1) Restricted or unrestricted

(2) Restricted

(3) All potential alleles identified during interpretation are included in the statistical calculation

http://www.fbi.gov/hq/lab/html/codis_swgdam.pdf

Restricted vs Unrestricted
Are relative peak heights considered?

Unrestricted
All combinations of alleles are deemed

possible (relative peak height differences
are not utilized)

AB+AC+AD+BC+BD+(CD

Restricted

Based on relative peak heights, alleles are
paired only where specific combinations
of alleles are deemed possible

AB+/A:('+}35+,BC'+}D'+(D

Figure 1_ lllustration of “restricted” versus “unrestricted” approaches based on relative peak
heights (using an assumption of two donors with all peaks above the stochastic threshold).

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Articles Cited in the Guidelines

9 tOtaI 6. Refersnces and Literature Cited

Ayres, KL, (2000) Relatednass lasting in subdhidad populations. Fansnais 5ol int 114.107-115
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eport conerming Rurther recommundations of the DA Cormmission of the ISFH regardng

PCR-based polymomhisms in STR (shon tandem repeat) systems. inl J Legal Med 107: 156
160
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Useful Articles for Further Information
34 total 7.a

Bill, M., Gill, P_, Curran, J., Clayton, T, Pinchin, R., Healy, M., and Buckleton, J. (2005)
PENDULUM-a guideline-based approach to the interpretation of STR mixtures. Forensic Sci. int.
148:181-189,

Buckleton, J.5., Evett, LW., Weir, B.S. (1998) Sefting bounds for the likelihood ratio when multiple
hypotheses are postulated. Sci. Justice. 38: 23-26.

Bucklaton, J.S., Curran, J.M., Gill, P. (2007) Towards understanding the effect of uncertainty in
the number of contributors to DNA stains. Forensic Sci. Int Genet. 1:20-28

Buckleton, J.S. and Curran, J M. (2008) A discussion of the merits of random man not excluded
and likelihood ratios. Forensic Sci. Int. Genet 2: 343-348

Budowle, B., Chakraborty, R., Carmody, G., Monson, K L. (2000) Source aftribution of aforensic
DNA profile. Forensic Sci. Commun. 2(3). Ses
hittp:/Awwew fbi.cowihgd abfscibackissu/ulv2000/source. him,

Budowle, B, Onorato, AJ., Callaghan, TF_, Della Manna, A, Gross, AM., Guerrieri, RA.
Luttman, J.C., McClure, D L. (2009) Mixture interpretation: defining the relevant features for
guidelines for the assessment of mixed DNA profiles in forensic casework. J. Forensic Sci. 54:
810-821

Clayten, T.M., Whitaker, J.P., Sparkes, R., Gill, P. (1998) Analysis and interpretation of mixed
forensic stains using DNA STR profiling. Forensic Sci. int 91: 55-70

Devlin, B. (1993) Forensic inference from genatic markers. Stat. Methods Med. Res. 2: 241-262

Glossary with 46 Defined Terms

Glossary for this document

Allelic dropout: failure to detect an allele within a sample or failure to amplify an allele during
PCR.

Analytical thrashald: the mini height requi at and above which detected peaks can
be rediably distinguished from background noise; peaks above this threshold are generally not
considered norse and are erdher arbfacts or ue alleles.

Artifact a non-allelic product of the amplification process (e g | stutter, non-templated nuclactide
addition, or other non-specific product), an anomaly of the detection process (e.g., pull-up or
spike), or 8 by-product of pnmer synthesis (e.g., “dye blob”).

Colncidantal match: a match which oceurs by chance

Composite profile. o DNA profile generated by combining typing resulls from different loci
oblamed from mulliple ngechons of the same amphied sample andior moliple ampilications of
the sama DNA axfract When saparate exiracts from differant locations on a given evidentiary
item are combinesd prior to amplification, the resultant DNA profile is not considened a composite
profile.

What the document does not include

* Report writing statements
* Worked examples

¢ Flowcharts of how or when to make decisions during
interpretation

The SWGDAM mixture committee has
discussed the possibility of creating a
separate training document to include
additional helpful information

Summary

* SWGDAM guidelines for autosomal STR
interpretation were developed with a lot of thought
and discussion and are now available

¢ Key elements of allelic and statistical interpretation
are included with guidance on what needs to be
documented when analyzing DNA mixtures

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Future Directions

¢ Training materials with worked examples are needed to
help analysts better appreciate what is being conveyed
with specific points in these SWGDAM Guidelines

¢ Suggestions are welcome for specific training information
related to mixture interpretation
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Recent Survey by New Scientist Magazine

Lab survey: The state of DNA analysis ©NewScientist

We surveyed the opinions of 19 1ab directors and 14 DNA analysts from the US, UK,
Australia, New Zealand, Canada and India on standards in DNA testing. Here's what they said

October 14, 2010

Q: Lab staff need more training an how @: The courts have too much

ta deal with compiex profiles such as faith in DNA profiling and don't

mixtures and very small samples of DNA understand its limitations

13 ANALYSTS 13 ANALYSTS
Strongly agree 10 Strongly agree 6
Agree 3 Agree 3
Neutral 0 Neutral 2
Disagree 0 Disagree O
Strongly disagree O Strongly disagree 2
http://www. tist.com/d ges/ns/cms/mg20727743.300/mg20727743.300-3_672.jpg

Promega 2010 Mixture Workshop

Principles, Protocols, Practice

1 \ Introduction of Presenters and Plan for Workshop (use of clickers) \

2 \ Introduction to the SWGDAM Guidelines and Mixture Literature \

ELEMENTS OF MIXTURE INTERPRETATION
Setting thresholds. Multiple contributors
Validation from single source samples

3 4 5 6 7 8
. Amplification
Analytical " Number i
Variation Mixture
Threshold & Stutter N PHR of Ny
. & Stochastic " Ratios
Sensitivity Contributors
v Effects 33 -
11 %l 3111 z
3.1.1.2,3113 | ¥| 358 321,343 351 | 2 34 353
@ 2
Sections

9

aes5 Statistical Approaches (CPI, LR, RMP) Table 1 ‘

10 ‘ 35,36 Mixture Principles and Reporting Basics ‘

BREAK

11 ‘ Case Example #1 ‘
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* Updated literature lists by topic
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Lab Protocols Needed Based on Recommendations from the 2010 SWGDAM Guidelines

Guideline | Recommendations/protocol needed
1 Develop criteria to determine whether an instrumental response represents the
detection of DNA fragment(s) rather than instrument noise
11 Establish an analytical threshold based on signal-to-noise analyses of internally
' derived empirical data (see also 3.1.1.2)
1.2 Develop criteria to evaluate internal standards and/or allelic ladders
131 Establish criteria for evaluation of the reagent blank and positive and negative
o amplification controls
132 ]Ith_ereIop criteria for the interpretation and documentation of results when controls
ai
14 Establish criteria regarding concordance of redundant loci with multiple STR kits
2.1 Establish criteria to assign allele designations to appropriate peaks
2.1.1 Establish criteria to address locus assignment for alleles
2122 Estf_lfblish guidelines for the designation of alleles containing an incomplete repeat
moti
Establish criteria for designating alleles that fall above the largest or below the
2.1.2.3 : . )
smallest allele of the allelic ladder (or virtual bin)
Establish criteria based on empirical data (obtained internally or externally), and
311 specific to the amplification and detection systems used, to address the
interpretation of non-allelic peaks
The analytical threshold should be established based on signal-to-noise
3112 considerations (i.e., plistinguishing potential al[el_ic peaks from b_ackground) and
B should not be established for purposes of avoiding artifact labeling as such may
result in the potential loss of allelic data.
3.1.1.3 Establish guidelines addressing off-scale data
Establish a stochastic threshold based on empirical data derived within the
3.2.1 laboratory and specific to the quantitation and amplification systems (e.g., kits) and
the detection instrumentation used
Perform additional studies to establish independent criteria for application of a
3.21.1 separate stochastic threshold(s) if measures such as injected injection time or
post-amplification purification are used to enhance detection sensitivity
Establish criteria for comparison of allelic peaks which fall below the stochastic
3.2.1.2 | threshold for samples for which an assumption can be made as to the number of
contributors
Establish alternative criteria (e.g., quantitation values or use of a probabilistic
genotype approach) for addressing potential stochastic amplification if not using a
3.2.2 stochastic threshold based on peak height. The criteria must be supported by
empirical data and internal validation and must be documented in the standard
operating procedures.
Establish PHR requirements based on empirical data for interpretation of DNA
3.3.1 typing results from single-source samples — may apply by locus or entire profile
and at various DNA template levels (3.3.1.1)
341 Establish guidelines for determination of the minimum number of contributors to a
o sample
Define the number of alleles per locus and the relative intra-locus peak height
3.4 requirements for assessing whether a DNA typing result is consistent with
o originating from one or more sources. Define the minimum number of loci for
determination of whether a sample is a mixture.
Establish guidelines for determining which results are used for comparisons and
3.4.3 statistical calculations where multiple amplifications and/or injections are

generated for a given sample extract
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Lab Protocols Needed Based on Recommendations from the 2010 SWGDAM Guidelines

Guideline

Recommendation/protocol needed

3.43.1

Establish guidelines for the generation of the composite result if composite profiles
are used (i.e., generated by combining typing results obtained from multiple
amplifications and/or injections)

3431

Establish guidelines for determining the suitability of developing composite profiles
from such samples where there is a reasonable expectation of sample(s)
originating from a common source (e.g., duplicate vaginal swabs or a bone)

3.5.1

Establish guidelines based on peak height ratio assessments for evaluating
potential sharing of allelic peaks among contributors and for determining whether
contributors to a mixed DNA typing result are distinguishable.

3.5.2

Define and document what, if any, assumptions are used in a particular mixture
deconvolution

3.5.5

Establish guidelines based on peak height ratio assessments and/or mixture ratios
for determining whether multiple major contributors are present in a mixed sample

3.5.6

Establish guidelines based on peak height ratio assessments for identifying
mixtures for which no major or minor contributors can be discerned

3.5.7

Establish guidelines for determining whether separation of a known contributor’s
profile is applicable (e.g., based on the types of evidentiary items) and where there
is no indication of sharing of the known and obligate alleles (3.5.7.1), separate out
those alleles attributable to the known sample (e.qg., victim, consensual partner,
etc.)

3.5.7.2

Establish guidelines for addressing potential sharing of alleles among the
individual known to have contributed to a sample and the additional contributor(s).

3.5.8.1

Establish stutter percentage expectations [for each STR locus]

3.6.1

Establish guidelines to ensure that, to the extent possible, DNA typing results from
evidentiary samples are interpreted before comparison with any known samples,
other than those of assumed contributors

3.6.2.2

Establish guidelines for inclusions and exclusions when a known individual’'s DNA
profile is not fully observed in the evidentiary profile

3.6.3

Establish guidelines for inclusionary, exclusionary and inconclusive/uninterpretable
conclusions based on comparisons of DNA typing results from known samples and
both single-source and mixed evidentiary samples

3.6.4

May establish guidelines for assessing whether all of the DNA typing results
obtained from the mixed sample are accounted for by the multiple known samples

3.6.5

Establish guidelines for documenting any assumptions that are made when
formulating conclusions (particularly number of contributors and origin of evidence)

3.6.6

Establish guidelines for identifying DNA typing results for which comparisons of
evidentiary and known samples are not made (at a minimum, to include
inconclusive/uninterpretable results)

The genetic loci and assumptions used for statistical calculations must be
documented, at a minimum, in the case notes

4.1

Perform statistical analysis in support of any inclusion that is determined to
be relevant in the context of a case, irrespective of the number of alleles
detected and the quantitative value of the statistical analysis

41.1

Establish guidelines where multiple stains from the same or separate items have
provided genetic information that is consistent with originating from a common
source(s) but having various levels of discrimination (in general, the statistics for
the typing results that provide the most genetic information and/or the highest
discrimination potential are reported)

4.2

Any DNA typing results used for statistical analysis must be derived from
evidentiary items and not known samples

Compiled by John Butler (Sept 2010)
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Lab Protocols Needed Based on Recommendations from the 2010 SWGDAM Guidelines

Guideline

Recommendation/protocol needed

4.2

Different calculations may be made for the same mixture component if different
assumptions as to the number of contributors are made and clearly stated in the
case notes and/or report

4.3

Do not use inconclusive/uninterpretable data (e.g., at individual loci or an entire
multi-locus profile) in statistical analysis — although a major contributor(s) profile
may be suitable for statistical analysis for a distinguishable mixture even in the
presence of inconclusive minor contributor results (4.3.1)

4.4

Exclusionary conclusions do not require statistical analysis

4.5

Document the source of the population database(s) used in any statistical analysis

4.6

Document formulae used in any statistical analysis and address both homozygous
and heterozygous typing results, multiple locus profiles, mixtures, minimum allele
frequencies, and, where appropriate, biological relationships

4.6.1

Establish guidelines for the selection of the formula(e) suitable for statistical
application (see Table 1) given a profile for which multiple formulae are applicable

4.6.2

Not appropriate to calculate a composite statistic using multiple formulae for a
multi-locus profile (e.g., cannot combine CPI and RMP statistical results across loci
on the same component of a mixture)

4.6.3

When using CPE/CPI (with no assumptions of number of contributors) to calculate
the probability that a randomly selected person would be excluded/included as a
contributor to the mixture, loci with alleles below the stochastic threshold may not
be used for statistical purposes to support an inclusion. In these instances, the
potential for allelic dropout raises the possibility of contributors having genotypes
not encompassed by the interpreted alleles.

4.6.3.1

Alleles below the stochastic threshold may be used for comparisons and/or to
establish the presence of a mixture or male DNA (e.g., Y allele at amelogenin)

4.6.3.2

A restricted CPE/CPI may be applied to multiple major contributors despite the
presence of minor contributor(s) alleles below the stochastic threshold; a
description of how to calculate can be found in Section 5.3.5

4.7

Establish guidelines for the criteria on which a declaration of source attribution is
based

5.1

A statistical calculation meant to represent all possible contributors to a mixture
(such as CPE/CPI) should not be performed at a locus when there is a reasonable
possibility that allele dropout could have led to the loss of an entire genotype.
Similarly, the product rule should not be applied when the resultant set of
combined profiles fails to include all individuals who should be included as possible
contributors to the mixture

5.2

Random Match Probability (RMP) calculation examples

5.3

Combined Probability of Inclusion (CPI) and Exclusion (CPE) calculation examples

54

Likelihood Ratio (LR) calculation examples — using unrestricted (5.4.2.1) and
restricted (5.4.2.2) approaches

6

List of cited references (9 total)

7

List of suggested references (34 total)

Glossary

Definitions for 46 words used in the document
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SWGDAM Interpretation Guidelines for Autosomal STR Typing
by Forensic DNA Testing Laboratories

Scientific Working Group on DNA Analysis Methods (SWGDAM)

The Scientific Working Group on DNA Analysis Methods, better known by its
acronym of SWGDAM, is a group of approximately 50 scientists representing
federal, state, and local forensic DNA laboratories in the United States and
Canada. During meetings, which are held twice a year, subcommittees discuss
topics of interest to the forensic DNA community and often develop documents to
provide direction and guidance for the community. A mixture interpretation
subcommittee was formed in January 2007 and worked for several years to
provide a guidance document on autosomal short tandem repeat (STR) markers.
This document was presented to the full SWGDAM group and received approval
in January 2010.

This document provides guidelines for the interpretation of DNA typing results
from short tandem repeats (STR) and supersedes the Scientific Working Group
on DNA Analysis Methods (SWGDAM) Short Tandem Repeat (STR)
Interpretation Guidelines (2000). The revised guidelines are not intended to be
applied retroactively. Guidance is provided for forensic casework analyses on the
identification and application of thresholds for allele detection and interpretation,
and appropriate statistical approaches to the interpretation of autosomal STRs
with further guidance on mixture interpretation. Laboratories are encouraged to
review their standard operating procedures and validation data in light of these
guidelines and to update their procedures as needed. It is anticipated that these
guidelines will evolve further as future technologies emerge. Some aspects of
these guidelines may be applicable to low level DNA samples. However, this
document is not intended to address the interpretation of analytical results from
enhanced low template DNA techniques.

Introduction

The interpretation of DNA typing results for human identification purposes
requires professional judgment and expertise. Additionally, laboratories that
analyze DNA samples for forensic casework purposes are required by the
Quality Assurance Standards for Forensic DNA Testing Laboratories (effective
July 1, 2009) to establish and follow documented procedures for the
interpretation of DNA typing results and reporting. Due to the multiplicity of
forensic sample types and the potential complexity of DNA typing results, it is
impractical and infeasible to cover every aspect of DNA interpretation by a preset
rule. However, the laboratory should utilize written procedures for interpretation
of analytical results with the understanding that specificity in the standard
operating protocols will enable greater consistency and accuracy among analysts
within a laboratory. It is recommended that standard operating procedures for
the interpretation of DNA typing results be sufficiently detailed that other forensic
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DNA analysts can review, understand in full, and assess the laboratory’s policies
and practices. The laboratory's interpretation guidelines should be based upon
validation studies, scientific literature, and experience.

Background

Upon completion of the technical aspects of DNA analysis, DNA typing results
must be verified and interpreted. The verification of the accuracy of the DNA
typing results involves a review of peak designations and other software-
generated information, as well as an evaluation of quality controls. Based on this
assessment, the DNA analyst performs interpretations, makes comparisons
among samples (where appropriate) and draws conclusions. These data and
conclusions are technically reviewed and the conclusions are typically captured
for documentation and communication purposes within a laboratory report.

Using current technologies for human identification, DNA typing results are
derived through application of analytical software during and after electrophoresis
of fluorescently-labeled amplification products that are generated for each
sample using an amplification kit. For each sample, the software translates
fluorescence intensity data into electropherograms and then labels any detected
peaks with such descriptors as size (in base-pairs, or bp) and peak height (in
relative fluorescence units, or RFU). Using allelic ladders for reference, the
software then labels peaks that meet certain criteria with allelic designations.

To ensure the accuracy of these computer-generated allele designations, the
DNA analyst must verify that appropriate genotyping parameters (i.e., internal
size standard and allelic ladder) were used and that the correct genotyping
results were obtained for a known positive control. Additionally, if a sample is
amplified using multiple kits that contain redundant loci, the DNA analyst must
address the concordance of the genotyping results at the loci that are common to
both kits. As an example, a given sample amplified using both the Profiler Plus™
and COfiler™ Amplification Kits exhibits concordance when identical alleles for
the genetic loci amelogenin, D3S1358, and D7S820 are obtained. After
verification of the allelic designations, the alleles are classified based on their
peak height relative to an established minimum peak height threshold for
comparison purposes.

The results of the analysis controls [i.e., reagent blank(s), positive amplification
control(s), and negative amplification control(s)] are evaluated. If the reagent
blank(s), positive amplification control(s), and negative amplification control(s)
yield results that are within their prescribed specifications, the DNA analyst
interprets the DNA typing results from each sample to determine if the DNA
typing results originated from a single donor or multiple donors. If the expected
results are not obtained from a control sample(s), the DNA analyst must
determine if the control(s) and/or sample(s) should be re-processed or proceed
within the prescribed limitations of interpretation.
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Based on the interpretation of the forensic samples and a comparison of the DNA
typing results obtained from the questioned sample(s) to those of any known
sample(s), or a comparison between multiple questioned samples, a DNA
analyst can reach one of three primary conclusions: cannot exclude, can
exclude, or inconclusive/uninterpretable.

Statistical interpretation for reported inclusionary results provides weight to the
inclusionary statement. statistical analysis is not required for exclusionary
conclusions, comparisons between multiple questioned samples without a
comparison to a known sample, nor applicable to inconclusive/uninterpretable
results. The conclusions reached as part of the DNA interpretation process are
compiled into a written draft by the DNA analyst and are subjected to technical
and administrative reviews prior to issuing a final case report.

This document addresses definitions, data evaluation, interpretation of results
and conclusions/reporting for autosomal STR typing, including guidance on
mixture interpretation. Approaches to statistical interpretation are presented. A
list of relevant literature is also included to provide further source material.

1. Preliminary Evaluation of Data

The laboratory should develop criteria to determine whether an instrumental
response represents the detection of DNA fragment(s) rather than instrument
noise. An analytical threshold defines the minimum height requirement at and
above which detected peaks can be reliably distinguished from background
noise. Because the analytical threshold is based upon a distribution of noise
values, it is expected that occasional, non-reproducible noise peaks may be
detected above the analytical threshold. An analytical threshold should be
sufficiently high to filter out noise peaks. Usage of an exceedingly high analytical
threshold increases the risk of allelic data loss which is of potential exclusionary
value.

1.1. Analytical threshold: The Laboratory should establish an analytical threshold
based on signal-to-noise analyses of internally derived empirical data. As an
example, an analytical threshold may be based on two times the intensity
difference between the highest peak and lowest trough within the instrumental
noise data. Other scientific methods may be used. The usage of an analytical
threshold value that differs substantially from manufacturer’s recommendations
should be supported by internal signal-to-noise assessments.

1.2. The laboratory must develop criteria to evaluate internal standards and/or
allelic ladders.

1.3. Controls are required to assess analytical procedures.
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1.3.1. The laboratory must establish criteria for evaluation of the following
controls, including but not limited to: reagent blank and positive and negative
amplification controls.

1.3.2. The laboratory must develop criteria for the interpretation and
documentation of results in the event that the controls do not perform as
expected.

1.4. A laboratory using STR multiplexes that contain redundant loci must
establish criteria regarding the concordance of such data.
2. Allele Designation

2.1. The laboratory establishes criteria to assign allele designations to
appropriate peaks.

2.1.1. Locus Designation: The laboratory establishes criteria to address locus
assignment for alleles. The criteria should address alleles that fall above the
largest or below the smallest allele (or virtual bin) of the allelic ladder.

2.1.2. Allele Designation: The laboratory designates alleles as numerical
values in accordance with recommendations of the International Society of
Forensic Genetics.

2.1.2.1. Allele designation is based operationally on the number of repeat
sequences contained within the allele and by comparison to an allelic
ladder.

2.1.2.2. The laboratory establishes guidelines for the designation of alleles
containing an incomplete repeat motif (i.e., an off-ladder allele falling
within the range spanned by the ladder alleles). This designation includes
the number of complete repeats and, separated by a decimal point, the
number of base pairs in the incomplete repeat (e.g., FGA 18.2 allele).

2.1.2.3. The laboratory establishes criteria for designating alleles that fall
above the largest or below the smallest allele of the allelic ladder (or
virtual bin). Extrapolation of an above/below ladder allele to a specific
designation (e.g., generally to no more than one repeat unit) should also
be supported by precision studies, validation and determination of
measurement variance. Above/below ladder alleles should be designated
as either greater than (>) or less than (<) the respective ladder allele (or
virtual bin), or designated numerically when appropriate extrapolation can
be used. When the “>” or “<” designation is used, the laboratory should
establish criteria, based on relative sizes, for the comparison of such
alleles among samples.
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3. Interpretation of DNA Typing Results
3.1. Non-Allelic Peaks

Because forensic DNA typing characterizes STR loci using PCR and
electrophoretic technologies, some data that result from this analytical scheme
may not represent actual alleles that originate in the sample. It is therefore
necessary, before the STR typing results can be used for comparison purposes,
to identify any potential non-allelic peaks. Non-allelic peaks may be PCR
products (e.g., stutter, non-template dependent nucleotide addition, and non-
specific amplification product), analytical artifacts (e.g., spikes and raised
baseline), instrumental limitations (e.g., incomplete spectral separation resulting
in pull-up or bleed-through), or may be introduced into the process (e.g.,
disassociated primer dye). Generally, non-allelic data such as stutter, non-
template dependent nucleotide addition, disassociated dye, and incomplete
spectral separation are reproducible; spikes and raised baseline are generally
non-reproducible.

3.1.1. The laboratory establishes criteria based on empirical data (obtained
internally or externally), and specific to the amplification and detection
systems used, to address the interpretation of non-allelic peaks. The
guidelines address identification of non-allelic peaks and the uniform
application, across all loci of a DNA profile, of the criteria used to identify non-
allelic peaks.

3.1.1.1. In general, the empirical criteria are based on qualitative and/or
guantitative characteristics of peaks. As an example, dye artifacts and
spikes may be distinguished from allelic peaks based on morphology
and/or reproducibility. Stutter and non-template dependent nucleotide
addition peaks may be characterized based on size relative to an allelic
peak and amplitude.

3.1.1.2. While the application of an analytical threshold may serve to filter
out some non-allelic peaks, the analytical threshold should be established
based on signal-to-noise considerations (i.e., distinguishing potential
allelic peaks from background). The analytical threshold should not be
established for purposes of avoiding artifact labeling as such may result in
the potential loss of allelic data.

3.1.1.3. The laboratory establishes guidelines addressing off-scale data.
Fluorescence detection instruments have a limited linear range of
detection, and signal saturation can result in off-scale peaks. Following
peak detection, such peaks in the analyzed data are assigned an artificial
height value which is not representative of the true amplitude. Peak
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height values for off-scale peaks should not be used in quantitative
aspects of interpretation (e.g., stutter and peak height ratio assessments).

3.2. Application of Peak Height Thresholds to Allelic Peaks

Amplification of low-level DNA samples may be subject to stochastic effects,
where two alleles at a heterozygous locus exhibit considerably different peak
heights (i.e., peak height ratio generally <60%) or an allele fails to amplify to a
detectable level (i.e., allelic dropout). Stochastic effects within an amplification
may affect one or more loci irrespective of allele size. Such low-level samples
exhibit peak heights within a given range which is dependent on quantitation
system, amplification kit and detection instrumentation. A threshold value can be
applied to alert the DNA analyst that all of the DNA typing information may not
have been detected for a given sample. This threshold, referred to as a
stochastic threshold, is defined as the value above which it is reasonable to
assume that allelic dropout has not occurred within a single-source sample. The
application of a stochastic threshold to the interpretation of mixtures should take
into account the additive effects of potential allele sharing.

3.2.1. The laboratory establishes a stochastic threshold based on empirical
data derived within the laboratory and specific to the quantitation and
amplification systems (e.g., kits) and the detection instrumentation used. Itis
noted that a stochastic threshold may be established by assessing peak
height ratios across multiple loci in dilution series of DNA amplified in
replicate. The RFU value above which it is reasonable to assume that, at a
given locus, allelic dropout of a sister allele has not occurred constitutes a
stochastic threshold.

3.2.1.1. If measures are used to enhance detection sensitivity (i.e., allelic
height), the laboratory should perform additional studies to establish
independent criteria for application of a separate stochastic threshold(s).
Such measures may include but not be limited to increased amplification
cycle number, increased injection time, and post-amplification
purification/concentration of amplified products.

3.2.1.2. For samples for which an assumption can be made as to the
number of contributors, the laboratory should establish criteria for
comparison of allelic peaks which fall below the stochastic threshold. As
an example, if a locus in an assumed single-source sample exhibits two
peaks, one or both of which are below the stochastic threshold, the
laboratory may use that locus for comparison purposes. Also, the
presence of male DNA may be established based on a Y-allele at
amelogenin that is below the stochastic threshold.

3.2.2. If a stochastic threshold based on peak height is not used in the
evaluation of DNA typing results, the laboratory must establish alternative
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criteria (e.g., quantitation values or use of a probabilistic genotype approach)
for addressing potential stochastic amplification. The criteria must be
supported by empirical data and internal validation and must be documented
in the standard operating procedures.

3.3. Peak Height Ratio

Intra-locus peak height ratios (PHR) are calculated for a given locus by dividing
the peak height of an allele with a lower RFU value by the peak height of an
allele with a higher RFU value, and then multiplying this value by 100 to express
the PHR as a percentage.

3.3.1. The laboratory should establish PHR requirements based on empirical
data for interpretation of DNA typing results from single-source samples.
Different PHR expectations can be applied to individual loci (e.g., 70% for
D3S1358, 65% for VWA, etc.); alternatively, a single PHR expectation can be
applied to multiple loci (e.g., 60%).

3.3.1.1. The laboratory may evaluate PHRs at various DNA template
levels (e.g., dilution series of DNA). It is noted that different PHR
expectations at different peak height ranges may be established.

3.3.2. PHR requirements are only applicable to allelic peaks that meet or
exceed the stochastic threshold.

3.4. Number of Contributors to a DNA Profile

Generally, a sample is considered to have originated from a single individual if
one or two alleles are present at all loci for which typing results were obtained
(although tri-allelic loci may occur), and the peak height ratios for all
heterozygous loci are within the empirically determined values. It is noted that
peak height imbalances may be seen in the typing results from, for example, a
primer binding site variant that results in attenuated amplification of one allele of
a heterozygous pair.

A sample is generally considered to have originated from more than one
individual if three or more alleles are present at one or more loci (excepting tri-
allelic loci) and/or the peak height ratios between a single pair of allelic peaks for
one or more loci are below the empirically determined heterozygous peak height
ratio expectation. Generally, the minimum number of contributors to a mixed
sample can be determined based on the locus that exhibits the greatest number
of allelic peaks. As an example, if at most five alleles are detected per locus,
then the DNA typing results are consistent with having arisen from at least three
individuals.
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3.4.1. For DNA mixtures, the laboratory should establish guidelines for
determination of the minimum number of contributors to a sample. Alleles
need not meet the stochastic threshold to be used in this assessment.

3.4.2. The laboratory should define the number of alleles per locus and the
relative intra-locus peak height requirements for assessing whether a DNA
typing result is consistent with originating from one or more sources. The
minimum number of loci should be defined for determination of whether a
sample is a mixture.

3.4.3. Where multiple amplifications and/or injections are generated for a
given sample extract, the laboratory should establish guidelines for
determining which results are used for comparisons and statistical
calculations.

3.4.3.1. If composite profiles (i.e., generated by combining typing results
obtained from multiple amplifications and/or injections) are used, the
laboratory should establish guidelines for the generation of the composite
result. When separate extracts from different locations on a given
evidentiary item are combined prior to amplification, the resultant DNA
profile is not considered a composite profile. Unless there is a reasonable
expectation of sample(s) originating from a common source (e.g.,
duplicate vaginal swabs or a bone), allelic data from separate extractions
from different locations on a given evidentiary item should not be
combined into a composite profile. The laboratory should establish
guidelines for determining the suitability of developing composite profiles
from such samples.

3.5. Interpretation of DNA Typing Results for Mixed Samples

An individual’s contribution to a mixed biological sample is generally proportional
to their quantitative representation within the DNA typing results. Accordingly,
depending on the relative contribution of the various contributors to a mixture, the
DNA typing results may potentially be further refined.

As an example, if a sample contains a predominance of one individual’s DNA,
that individual’s DNA profile may be determined. This state results in a
distinguishable mixture, whereby there is a distinct contrast in signal intensities
(e.g., peak heights) among the different contributors’ alleles. In such instances,
major and/or minor contributors may be determined. Discernment of the STR
typing results for the major or minor contributors to a mixture may be limited to
only some loci (with the remaining loci yielding multiple potential genotypes for
the major or minor contributor). The major (and possibly the minor) contributor
may effectively constitute a deduced single-source profile.
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Alternatively, if the amounts of biological material from multiple donors are
similar, it may not be possible to further refine the mixture profile. When major or
minor contributors cannot be distinguished because of similarity in signal
intensities, the sample is considered to be an indistinguishable mixture. The
classification as indistinguishable may be limited to some, not all, of the loci for
which DNA typing results are obtained and does not imply that the profile is
uninterpretable. Individuals may still be included or excluded as possible
contributors to an indistinguishable mixture.

Evidence items taken directly from an intimate sample, as determined by the
laboratory, are generally expected to yield DNA from the individual from whom
the sample was taken. If another source of DNA is present in sufficient quantity
in such a sample, a mixture of DNA is likely to be detected. Based on this
expectation, any DNA typing results from such a mixture that match a conditional
known sample (e.g., from the victim) may be separated from the other mixture
results to facilitate identification of the foreign alleles. The obligate alleles may
effectively constitute a single-source profile (i.e., if there is one DNA contributor
in addition to the individual from whom the sample was taken) or a mixture profile
(i.e., if there are multiple additional DNA contributors). A similar state can exist
when another known individual (i.e., consensual partner) is expected to have
contributed biological material to the mixed sample.

3.5.1. The laboratory should establish guidelines based on peak height ratio
assessments for evaluating potential sharing of allelic peaks among
contributors and for determining whether contributors to a mixed DNA typing
result are distinguishable. When assessing peak height ratios, pair-wise
comparison of all potential genotypic combinations should be evaluated.

3.5.2. The laboratory should define and document what, if any, assumptions
are used in a particular mixture deconvolution.

3.5.2.1. If no assumptions are made as to the number of contributors, at a
minimum, the laboratory should assign to a major contributor an allele
(e.g., homozygous) or pair of alleles (e.g., heterozygous) of greater
amplitude at a given locus that do not meet peak height ratio expectations
with any other allelic peak(s).

3.5.2.2. If assumptions are made as to the number of contributors,
additional information such as the number of alleles at a given locus and
the relative peak heights can be used to distinguish major and minor
contributors.

3.5.3. A laboratory may define other quantitative characteristics of mixtures
(e.g., mixture ratios) to aid in further refining the contributors.
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3.5.3.1. Differential degradation of the contributors to a mixture may
impact the mixture ratio across the entire profile.

3.5.4. Mixtures with a Single Major Contributor and One or More Minor
Contributors:

3.5.4.1. In general, heterozygous alleles attributed to a major contributor
should meet the laboratory’s established peak height ratio expectations for
single-source samples. Due to the potential for overlapping peaks to
cause imbalance of major heterozygous alleles, the laboratory may
establish a quantitative means of evaluating the distinction in peak heights
of the major and minor contributors (i.e., mixture ratio).

3.5.4.2. After deconvolution, the DNA typing results attributed to an
individual minor contributor should also meet PHR expectations. The
PHR expectations of a minor contributor may be reduced due to stochastic
peak height variation and the additive effects of peak sharing (e.g., minor
peak and stutter peaks).

3.5.4.3. Due to the possibility that the minor contributor’s alleles may be
shared by the major contributor (and thus masked), determination of a
single genotype for a minor contributor may be possible at only some loci
(while multiple allelic combinations, or allelic drop out, are possible at
other loci).

3.5.5. Mixtures with Multiple Major Contributors and One or More Minor
Contributors: The laboratory should establish guidelines based on peak
height ratio assessments and/or mixture ratios for determining whether
multiple major contributors are present in a mixed sample.

3.5.6. Mixtures with Indistinguishable Contributors: The laboratory should
establish guidelines based on peak height ratio assessments for identifying
mixtures for which no major or minor contributors can be discerned.

3.5.7. Mixtures with a Known Contributor(s): The laboratory should establish
guidelines for determining whether separation of a known contributor’s profile
is applicable (e.g., based on the types of evidentiary items).

3.5.7.1. At a minimum, where there is no indication of sharing of the
known and obligate alleles, the laboratory should separate out those
alleles attributable to the known sample (e.g., victim, consensual partner,
etc.).

3.5.7.2. To further refine the obligate alleles in a profile, the laboratory
may establish guidelines for addressing potential sharing of alleles among
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the individual known to have contributed to a sample and the additional
contributor(s).

3.5.8. Interpretation of Potential Stutter Peaks in a Mixed Sample

3.5.8.1. For mixtures in which minor contributors are determined to be
present, a peak in stutter position (generally n-4) may be determined to be
1) a stutter peak, 2) an allelic peak, or 3) indistinguishable as being either
an allelic or stutter peak. This determination is based principally on the
height of the peak in the stutter position and its relationship to the stutter
percentage expectations established by the laboratory.

3.5.8.2. Generally, when the height of a peak in the stutter position
exceeds the laboratory’s stutter expectation for a given locus, that peak is
consistent with being of allelic origin and should be designated as an
allele.

3.5.8.3. If a peak is at or below this expectation, it is generally designated
as a stutter peak. However, it should also be considered as a possible
allelic peak, particularly if the peak height of the potential stutter peak(s) is
consistent with (or greater than) the heights observed for any allelic peaks
that are conclusively attributed (i.e., peaks in non-stutter positions) to the
minor contributor(s).

3.6 Comparison of DNA Typing Results

The following determinations can be made upon comparison of evidentiary and
known DNA typing results (and between evidentiary samples):

e The known individual cannot be excluded (i.e., is included) as a possible
contributor to the DNA obtained from an evidentiary item.

e The known individual is excluded as a possible contributor.

e The DNA typing results are inconclusive/uninterpretable.

e The DNA typing results from multiple evidentiary items are consistent or
inconsistent with originating from a common source(s).

3.6.1. The laboratory must establish guidelines to ensure that, to the extent
possible, DNA typing results from evidentiary samples are interpreted before
comparison with any known samples, other than those of assumed
contributors.

3.6.2. DNA typing results may not be obtained at all loci for a given

evidentiary sample (e.g., due to DNA degradation, inhibition of amplification
and/or low-template quantity); a partial profile thus results.
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3.6.2.1. For partial profiles, the determination of which alleles/loci are
suitable for comparison and statistical analysis should be made prior to
comparison to the known profiles.

3.6.2.2. The laboratory should establish guidelines for inclusions and
exclusions when a known individual’'s DNA profile is not fully observed in
the evidentiary profile.

3.6.3. The laboratory must establish guidelines for inclusionary, exclusionary
and inconclusive/uninterpretable conclusions based on comparisons of DNA
typing results from known samples and both single-source and mixed
evidentiary samples.

3.6.4. For mixtures for which two or more individuals cannot be excluded as
potential contributors, the laboratory may establish guidelines for assessing
whether all of the DNA typing results obtained from the mixed sample are
accounted for by the multiple known samples.

3.6.5. Because assumptions regarding the origin of evidence or the number of
contributors to a mixture can impact comparisons, the laboratory should
establish guidelines for documenting any assumptions that are made when
formulating conclusions.

3.6.6. The laboratory should establish guidelines for identifying DNA typing
results for which comparisons of evidentiary and known samples are not
made (at a minimum, to include inconclusive/uninterpretable results).

4. Statistical Analysis of DNA Typing Results

In forensic DNA testing, calculations are performed on evidentiary DNA profiles
that are established as relevant in the context of the case to aid in the
assessment of the significance of an inclusion. These calculations are based on
the random match probability (RMP), the likelihood ratio (LR), or the combined
probability of exclusion/inclusion (CPE/CPI).

While the RMP is commonly thought of in terms of single-source profiles, the
application of this formula to evidentiary profiles inherently includes an
assumption of the number of contributors to the DNA sample. As such, this
document also applies the term RMP to mixture calculations where the number
of contributors is assumed (this has sometimes been referred to as a “modified
RMP”). By using the RMP nomenclature, these calculations are distinguished
from the CPI nomenclature which is commonly thought of in terms of a mixture
calculation that makes no assumption as to the number of contributors.
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In addition to assumptions of the number of contributors, quantitative peak height
information and mixture ratio assessments may or may not be included in the
interpretation of an evidentiary profile. Calculations performed using
interpretations incorporating this information are termed “restricted.” When this
guantitative peak height information is not included, the resultant calculation is
termed “unrestricted” (Figure 1).

Unrestricted

All combinations of alleles are deemed
possible (relative peak height differences
are not utilized)

AB+AC+AD+BC+BD+CD

A B CD Restricted

Based on relative peak heights, alleles are
paired only where specific combinations
of alleles are deemed possible

AB +}(C+}(E5+/BC+3E5+CD

Figure 1. lllustration of “restricted” versus “unrestricted” approaches based on relative peak
heights (using an assumption of two donors with all peaks above the stochastic threshold).

The genetic loci and assumptions used for statistical calculations must be
documented, at a minimum, in the case notes.

4.1. The laboratory must perform statistical analysis in support of any inclusion
that is determined to be relevant in the context of a case, irrespective of the
number of alleles detected and the quantitative value of the statistical analysis.

4.1.1. The laboratory should establish guidelines where multiple stains from
the same or separate items have provided genetic information that is
consistent with originating from a common source(s) but having various levels
of discrimination. In general, the statistics for the typing results that provide
the most genetic information and/or the highest discrimination potential are
reported.

4.2. For calculating the CPE or RMP, any DNA typing results used for statistical
analysis must be derived from evidentiary items and not known samples. This
precludes combining multiple CPE or RMP results for the same mixture
component of an evidentiary sample. However, different calculations may be
made for the same mixture component if different assumptions as to the number
of contributors are made and clearly stated in the case notes and/or report.
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4.3. The laboratory must not use inconclusive/uninterpretable data (e.g., at
individual loci or an entire multi-locus profile) in statistical analysis.

4.3.1. For a distinguishable mixture, a major contributor(s) profile may be
suitable for statistical analysis even in the presence of inconclusive minor
contributor results.

4.4. Exclusionary conclusions do not require statistical analysis.

4.5. The laboratory must document the source of the population database(s)
used in any statistical analysis.

4.6. The formulae used in any statistical analysis must be documented and must
address both homozygous and heterozygous typing results, multiple locus
profiles, mixtures, minimum allele frequencies, and, where appropriate, biological
relationships.

4.6.1. Given a profile for which multiple formulae are applicable, the
laboratory must have guidelines for the selection of the formula(e) suitable for
statistical application (see Table 1).

4.6.2. It is not appropriate to calculate a composite statistic using multiple
formulae for a multi-locus profile. For example, the CPI and RMP cannot be
multiplied across loci in the statistical analysis of an individual DNA profile
because they rely upon different fundamental assumptions about the number
of contributors to the mixture.

4.6.3. When using CPE/CPI (with no assumptions of number of contributors)
to calculate the probability that a randomly selected person would be
excluded/included as a contributor to the mixture, loci with alleles below the
stochastic threshold may not be used for statistical purposes to support an
inclusion. In these instances, the potential for allelic dropout raises the
possibility of contributors having genotypes not encompassed by the
interpreted alleles.

4.6.3.1. Alleles below the stochastic threshold may be used for
comparisons and/or to establish the presence of a mixture or male DNA
(e.g., Y allele at amelogenin).

4.6.3.2. A restricted CPE/CPI may be applied to multiple major
contributors despite the presence of minor contributor(s) alleles below the
stochastic threshold; a description of how to calculate can be found in
Section 5.3.5.
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4.7. If a laboratory uses source attribution statements, then it must establish
guidelines for the criteria on which such a declaration is based.

5. Statistical Formulae

5.1. Whenever the statistical analysis at a locus is meant to represent all possible
contributors to a mixture, if there is a reasonable possibility that locus dropout
could have led to the loss of an entire genotype, then a statistical calculation
should not be performed for that locus. Similarly, the product rule should not be
applied when the resultant set of combined profiles would not include all
individuals who would not be excluded as possible contributors to the mixture.

5.2. Random Match Probability (RMP)

5.2.1. When the interpretation is based upon the assumption of a single
contributor (or a single major contributor to a mixture), the RMP formulae
are those described in NRCII recommendations 4.1, 4.2, 4.3, and 4.4.
The most commonly used formulae are listed below:

5.2.1.1. For heterozygote genotypes, the formula is 2pg. This is
NRCII formula 4.1b.

5.2.1.2. For homozygote genotypes, the formula is p? + p(1-p)o,
where 6 = 0.01 or 0.03 in accordance with NRCII. This is NRCII
formula 4.4a.

5.2.1.3. For single-allele profiles where the zygosity is in question
(e.g., it falls below the stochastic threshold):

5.2.1.3.1. The formula 2p, as described in recommendation
4.1 of NRCII, may be applied to this result.

5.2.1.3.2. Instead of using 2p, the algebraically identical
formulae 2p — p? and p? + 2p(1-p) may be used to address
this situation without double-counting the proportion of
homozygotes in the population.

5.2.1.3.3. Laboratories may choose to assign the value of 1
to the scenario described in 5.2.1.3., i.e. not use the locus
for statistical weight.

5.2.1.4. Conditional subpopulation calculations may also be
performed in accordance with NRCII formulae 4.10a and 4.10b.
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5.2.2. When the interpretation is conditioned upon the assumption of a
particular number of contributors greater than one, the RMP is the sum of
the individual frequencies for the genotypes included following a mixture
deconvolution. Examples are provided below.

5.2.2.1. In a sperm fraction mixture (at a locus having alleles P, Q,
and R) assumed to be from two contributors, one of whom is the
victim (having genotype QR), the sperm contributor genotypes
included post-deconvolution might be PP, PQ, and PR. In this
case, the RMP for the sperm DNA contributor could be calculated

as [p® + p(1-p)0] + 2pq + 2pr.

5.2.2.2. In a sperm fraction mixture (at a locus having alleles P, Q,
and R) assumed to be from two contributors, where the major
contributor is the victim (having genotype QR), there remains an
obligate minor contributor P allele above the stochastic threshold.
Also present in the results are two peaks filtered as possible stutter
(S* and T*). If both filtered peaks are within an RFU range that
could reasonably be paired with the P allele as heterozygous
genotypes, the sperm contributor genotypes included post-
deconvolution might be PP, PQ, PR, PS* and PT*. In this case, the
RMP for the sperm DNA contributor could be calculated as [p? +
p(1-p)6] + 2pq + 2pr + 2ps + 2pt. Some laboratories might instead
choose to apply a single-allele formula as discussed in section
5.2.1.3, e.q9., 2p.

5.2.2.3. In a mixture having at a locus alleles P, Q, and R, assumed
to be from two contributors, where all three alleles are below the
stochastic threshold, the interpretation may be that the two
contributors could be a heterozygote-homozygote pairing where all
alleles were detected, a heterozygote-heterozygote pairing where
all alleles were detected, or a heterozygote-heterozygote pairing
where a fourth allele might have dropped out. In this case, the
RMP must account for all heterozygotes and homozygotes
represented by these three alleles, but also all heterozygotes that
include one of the detected alleles. The RMP for this interpretation
could be calculated as (2p — p?) + (2q — g°) + (2r — r%) — 2pq — 2pr —
2qr.

5.2.2.3.1. Since 2p includes 2pq and 2pr, 2q includes 2pq
and 2gr, and 2r includes 2pr and 2rq, the formula in 5.2.2.3
subtracts 2pq, 2pr, and 2gr to avoid double-counting these
genotype frequencies.

5.2.2.3.2. Laboratories may choose to use the formula 2p +
2q + 2r for the scenario described in 5.2.2.3.
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5.2.2.3.3. Laboratories may choose to assign the value of 1
to the scenario described in 5.2.2.3, i.e. not use the locus for
statistical weight.

5.2.2.4. Care should be taken to not report a calculated RMP
greater than 1.0. This can occur when using the calculations
discussed in 5.2.2.1 and 5.2.2.2 (due to the application of 6 in the
standard homozygote formula but not in the heterozygote formula)
and in 5.2.2.3.1 (due to the double counting of the PP, QQ, RR,
PQ, PR, and QR genotype frequencies).

5.2.2.5. In a sperm fraction assumed to be from two contributors,
one of whom is the victim, the sperm contributor genotypes
included post-deconvolution might include only a single genotype
(PQ) at locus 1, but multiple possible genotypes (UU or UV) at
locus 2. In this case, the two-locus RMP for the sperm DNA
contributor could be calculated as 2pq * [u? + u(1-u)® + 2uv].

5.2.2.6. The unrestricted RMP might be calculated for mixtures that
display no indications of allelic dropout. The formulae include an
assumption of the number of contributors, but relative peak height
information is not utilized. For two-person mixtures, the formulae
for loci displaying one, two, or three alleles are identical to the CPI
calculation discussed in section 5.3. For loci displaying four alleles
(P, Q, R, and S), homozygous genotypes would not typically be
included. The unrestricted RMP in this case would require the
subtraction for homozygote genotype frequencies, e.g., (p +q+r +
S)z_pz_qz_rz_sz_
5.2.3. When a suspect’s profile has been determined to match the
unknown profile, if the alternate hypothesis is that a relative of the suspect
is in fact the source of the unknown profile, then all efforts should be
undertaken to obtain a sample directly from the relative in question so that
there is no need to rely on a probability-based estimate of a coincidental
match.

In the absence of a direct comparison, conditional match probabilities for
various relatives can be calculated in accordance with NRCII formulae 4.8
and 4.9.

5.2.3.1. Full Siblings (NRCII formulae 4.9a and 4.9b)

Genotype Probability of the same
of suspect genotype in a sibling
PP (1+2p+p?)/4
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PQ (1+p+q+2pqg)/4

5.2.3.2. Other Relatives (NRCII formulae 4.8a and 4.8b)

Genotype Probability of the same
of suspect genotype in a relative
PP p? + 4p(1 - p)F
PQ 2pq + 2(p + q — 4pq)F

where F = 1/4 for parent and offspring
1/8 for half-siblings
1/8 for uncle and nephew
1/8 for grandparent and grandchild
1/16 for first cousins

5.2.3.3. Conditional subpopulation corrections could also be applied
to these formulae following the methods of Ayres (2000) as
described in Fung and Hu (2008).

5.3. Combined Probability of Inclusion (CPI) and Exclusion (CPE)

5.3.1. Pl is calculated as (sum of allele frequencies)? for each locus.

5.3.2. The CPI is the product of the individual locus PIs:
CPI =PIy *Ply * ... * Ply

5.3.3. The PE has been commonly presented two ways
533.1.PE=1-PI
5.3.3.2. PE = g° + 2pq, where p is the sum of allele frequencies and
g represents all other alleles (1 — p). This is analogous to the single
allele formula described in 5.2.1.3.2.
5.3.3.3. Population substructure corrections can also be applied
using PE = 1 — [p? — p(1 — p)B], where p is the sum of allele
frequencies observed at that locus.

5.3.4. The CPE has been commonly presented two ways

5.34.1.CPE=1-CPI

5.3.4.2. CPE =1 — [(1 — PEy) *[(1 — PE) * ... * (1 — PEy)]

Original available at http://www.fbi.gov/hg/lab/html/codis_swgdam.htm Page 18 of 28




SWGDAM Interpretation Guidelines for Autosomal STR Typing For Promega 2010 TL meeting (Oct 14, 2010)

5.3.5. The CPI and CPE are typically applied to all alleles detected in a
mixture, subject to the limitations described in section 4.6.3. This section
also allowed for a restricted CPIl and CPE. Examples of both scenarios
are provided below.

5.3.5.1. Unrestricted CPI and CPE. In a mixture at a locus having
alleles P, Q, and R, all above the laboratory’s stochastic threshold,
the interpretation might be that all potential contributors to this
mixture have genotypes consisting of some combination of the
detected alleles (PP, QQ, RR, PQ, PR, and QR). In this case, the
pro?ability of inclusion for the mixture could be calculated as (p + q
+1)°.

5.3.5.2. Unrestricted CPI and CPE. In a mixture at a locus having
alleles P, Q, R, and S where alleles P, Q, and R are above the
stochastic threshold, but allele S is below that threshold, in the
standard application of the CPIl and CPE, no calculation would be
performed at this locus.

5.3.5.3. Restricted CPI and CPE. Given (a) a mixture at a locus
having alleles P, Q, R, and S, (b) alleles P, Q, and R significantly
(as defined by the laboratory) above the stochastic threshold, and
(c) allele S is below the stochastic threshold, the interpretation
might be that the higher RFU alleles are a distinct group, separate
from the contributor(s) of the low-RFU S allele. The lab might
choose to calculate a restricted probability of inclusion utilizing just
the P, Q, and R alleles, (p + g + ).

5.3.5.3.1. Based on the above example, had the S allele been
greater than the stochastic threshold, but still identified as
distinct from the higher-RFU alleles, a second general CPI or
CPE could have been calculated using all four alleles.

5.4. Likelihood Ratio (LR)

5.4.1. When the evidence profile is determined to be single source, and
the reference and evidence profiles are identical at all loci, LR = 1/RMP.

5.4.1.1. The numerator of the LR calculation would assume the
suspect’s contribution, meaning that the probability of observing
results consistent with his profile would be 1.0.

5.4.1.2. The denominator would assume that the suspect is not the

contributor. The probability of a randomly selected person having
the evidence profile is represented by the RMP.
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5.4.2. The calculation of the LR in a mixture is dependent upon the
evidence profile, the comparison reference profile(s), and the individual
hypotheses. Given the myriad possible combinations, any list would be
necessarily incomplete. A limited set of examples is provided below.

5.4.2.1. An “unrestricted” LR is the LR calculated without taking
peak heights into consideration, especially in the denominator.

5.4.2.1.1. At a locus, a mixture with alleles P and Q, is
assumed to be from two contributors, and displays no
indications of allelic dropout. No further considerations of
peak heights are undertaken. The suspect in question is PP,
and no other reference standards are being considered for
inclusion.

The numerator of the LR calculation would assume the
suspect’s contribution, meaning that the probability of
observing results consistent with his genotype would be 1.0.
The second, unknown contributor must complete the mixture
by having allele Q and nothing other than P or Q. Therefore
the numerator to the calculation would be the sum of the
frequencies for the second contributor’s possible genotypes

(QQ and PQ)
LR numerator = [g® + q(1-0)0] + 2pq

The denominator of the LR calculation might assume that
the mixture is a combination of two unknown contributors.
(Alternate hypotheses are possible as long as the numerator
and denominator hypotheses are mutually exclusive.) The
unknown contributors must have no alleles other than P or
Q, and the combination of their genotypes must complete
the detected mixture of P and Q.

Contrib. Contrib.

#1 #2 Combined Probability

PP QQ [p> + p(1-p)6] * [a° + q(1-q)6]
QQ PP [97 + q(1-9)0] * [p* + p(1-p)6]
PQ PP 2pq * [p® + p(1-p)0]

PP PQ [p> + p(1-p)6] * 2pqg

PQ QQ 2pg * [q° + q(1-0)6]

QQ PQ [9% + q(1-9)6] * 2pqg

PQ PQ 2pq * 2pq

LR denominator = the sum of the possible combinations of
genotypes (i.e., summing the seven combined probabilities).
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5.4.2.2. A “restricted” LR is the LR calculated once relative peak
heights are taken into consideration. Note: Within an STR profile,
some loci may have results that give identical restricted and
unrestricted LRs.

5.4.2.2.1. At a locus, a mixture with alleles P and Q, is
assumed to be from two contributors, and displays no
indications of allelic dropout. The peak height ratio is 50%
(P allele taller). Across the entire profile, the mixture
appears to be 2:1. The suspect in question is PP, and no
other reference standards are being considered for inclusion.

The numerator of the LR calculation would assume the
suspect’s contribution, meaning that the probability of
observing results consistent with his genotype would be 1.0.

The second, unknown contributor must complete the mixture
by having allele Q and nothing other than P or Q. If the
assumed contributor (the suspect) is the minor contributor to
the mixture, the possible second contributor genotypes
included post-deconvolution might be PQ.

LR numerator = 2pq

Conversely, if the second contributor is the minor contributor,
the possible second contributor genotypes included post-
deconvolution might be QQ.

LR numerator = g° + ¢(1-q)0

The denominator of the LR calculation might assume that
the mixture is a combination of two unknown contributors.
The unknown contributors must have no alleles other than P
or Q, and the combination of their genotypes must complete
the detected mixture of P and Q. Based upon the relative
peak height ratios and the overall mixture ratio, the restricted
LR denominator might be limited to the following pairs of
genotypes:

Major Minor.

Contrib. Contrib. Combined Probability
PP QQ [p* + p(L-p)o] * [9% + q(1-q)6]
PQ PP 2pq * [p” + p(1-p)o]
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LR denominator = the sum of the possible combinations of
genotypes (i.e., summing the two combined probabilities).

5.4.2.3 Additional formulae for restricted and unrestricted LRs can
be found in Fung and Hu (2008).

Table 1 — Suitable Statistical Analyses for DNA Typing Results

The statistical methods listed in the table cannot be combined into one
calculation. For example, combining RMP at one locus with a CPI calculation at a
second locus is not appropriate. However, an RMP may be calculated for the
major component of a mixture and a CPE/CPI for the entire mixture (as referred
to in section 4.6.2).

Category of DNA Typing Result RMP CPE/CPI LR (1)
Single Source v v
Single Major Contributor to a Mixture v v
Multiple Major Contributors to a Mixture v (2) v (2 v
Single Minor Contributor to a Mixture v v 3) v
Multiple Minor Contributors to a Mixture v (2) v 3) v
Indistinguishable Mixture v (1) v v

(1) Restricted or unrestricted
(2) Restricted
(3) All potential alleles identified during interpretation are included in the statistical calculation
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Glossary for this document

Allelic dropout: failure to detect an allele within a sample or failure to amplify an allele during
PCR.

Analytical threshold: the minimum height requirement at and above which detected peaks can
be reliably distinguished from background noise; peaks above this threshold are generally not
considered noise and are either artifacts or true alleles.

Artifact: a non-allelic product of the amplification process (e.g., stutter, non-templated nucleotide
addition, or other non-specific product), an anomaly of the detection process (e.g., pull-up or
spike), or a by-product of primer synthesis (e.g., “dye blob”).

Coincidental match: a match which occurs by chance.

Composite profile: a DNA profile generated by combining typing results from different loci
obtained from multiple injections of the same amplified sample and/or multiple amplifications of
the same DNA extract. When separate extracts from different locations on a given evidentiary
item are combined prior to amplification, the resultant DNA profile is not considered a composite
profile.

Conditional: an interpretation category that incorporates assumption(s) as to the number of
contributors.

CPE: combined probability of exclusion; produced by multiplying the probabilities of inclusion
from each locus and subtract the product from 1; (i.e., 1-CPI).

CPI: combined probability of inclusion; produced by multiplying the probabilities of inclusion from
each locus; (i.e., 1-CPE).

Deconvolution: separation of contributors to a mixed DNA profile based on quantitative peak
height information and any underlying assumptions.

Deduced: inference of an unknown contributor’'s DNA profile after taking into consideration the
contribution of a known/assumed contributor's DNA profile based on quantitative peak height
information.

Differential Degradation: a DNA typing result in which contributors to a DNA mixture are
subject to different levels of degradation (e.g., due to time of deposition), thereby impacting the
mixture ratios across the entire profile.

Distinguishable Mixture: a DNA mixture in which relative peak height ratios allow
deconvolution of the profiles of major/minor contributor(s).

Evidence sample: also known as Questioned sample.
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Exclusion- a conclusion that eliminates an individual as a potential contributor of DNA obtained
from an evidentiary item based on the comparison of known and questioned DNA profiles (or
multiple questioned DNA profiles to each other)..

Guidelines: a set of general principles used to provide directions and parameters for decision
making.

Heterozygote: an individual having different alleles at a particular locus; usually manifested as
two distinct peaks for a locus in an electropherogram.

Homozygote: an individual having the same (or indistinguishable) alleles at a particular locus;
manifested as a single peak for a locus in an electropherogram.

Inclusion- a conclusion for which an individual cannot be excluded as a potential contributor of
DNA obtained from an evidentiary item based on the comparison of known and questioned DNA
profiles (or multiple questioned DNA profiles to each other).

Inconclusive/uninterpretable: an interpretation or conclusion in which the DNA typing results
are insufficient, as defined by the laboratory, for comparison purposes.

Indistinguishable mixture: a DNA mixture in which relative peak height ratios are insufficient to
attribute alleles to individual contributor(s).

Intimate sample: a biological sample from an evidence item that is obtained directly from an
individual's body; it is not unexpected to detect that individual’s allele(s) in the DNA typing results.

Known sample: biological material for which the identity of the donor is established and used for
comparison purposes (referred to as a “K”).

Likelihood ratio (LR): the ratio of two probabilities of the same event under different hypotheses;
typically the numerator contains the prosecution’s hypothesis and the denominator the defense’s
hypothesis.

Major contributor(s): an individual(s) who can account for the predominance of the DNA in a
mixed profile.

Masked allele: an allele of the minor contributor that may not be readily distinguishable from the
alleles of the major contributor or an artifact.

Minor contributor(s): an individual(s) who can account for the lesser portion of the DNA in a
mixed profile.

Mixture: a DNA typing result originating from two or more individuals.

Mixture ratio: the relative ratio of the DNA contributions of multiple individuals to a mixed DNA
typing result, as determined by the use of quantitative peak height information; may also be
expressed as a percentage.

Noise: background signal detected by a data collection instrument.

No results: no allelic peaks detected above the analytical threshold.

Obligate allele: an allele in a mixed DNA typing result that is (a) foreign to an assumed

contributor, or (b) based on quantitative peak height information, determined to be shared with
the assumed contributor.
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Partial profile: a DNA profile for which typing results are not obtained at all tested loci due, for
example, to DNA degradation, inhibition of amplification and/or low- quantity template.

Peak height ratio (PHR): the relative ratio of two alleles at a given locus, as determined by
dividing the peak height of an allele with a lower relative fluorescence unit (RFU) value by the
peak height of an allele with a higher RFU value, and then multiplying this value by 100 to
express the PHR as a percentage; used as an indication of which alleles may be heterozygous
pairs and also in mixture deconvolution.

Probability of exclusion (PE): the percentage of the population that can be excluded as
potential contributors to a DNA mixture..

Probability of inclusion (PI): the percentage of the population that can be included as potential
contributors to a DNA mixture; also known as Random Man Not Excluded.

Questioned sample: biological sample recovered from a crime scene or collected from persons
or objects associated with a crime (referred to as a “Q”).

Random Match Probability (RMP): the probability of randomly selecting an unrelated individual
from the population who could be a potential contributor to an evidentiary profile.

Reference sample: also known as Known sample.

Restricted: referring to a statistical approach conditioned on the number of contributors and with
consideration of quantitative peak height information and inference of contributor mixture ratios;
used to limit the genotypic combinations of possible contributors.

Signal-to-noise ratio: an assessment used to establish an analytical threshold to distinguish
allelic peaks (signal) from background/instrumental noise.

Single-source profile: DNA typing results determined to originate from one individual based on
peak height ratio assessments and the number of alleles at given loci.

Source attribution: a declaration which identifies an individual as the source of an evidentiary
profile to a reasonable degree of scientific certainty based on a single-source or major contributor
profile.

Stochastic effects: the observation of intra-locus peak imbalance and/or allele drop-out resulting
from random, disproportionate amplification of alleles in low-quantity template samples.

Stochastic threshold: the peak height value above which it is reasonable to assume that, at a
given locus, allelic dropout of a sister allele has not occurred.

Stutter: a minor peak typically observed one repeat unit smaller than a primary STR allele
resulting from strand slippage during amplification.

Unrestricted: referring to a statistical approach performed without consideration of quantitative

peak height information and inference of contributor mixture ratios; for CPE/CPI this may or may
not be conditioned on the number of contributors.
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