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Speaker Topic

Introduction

8:30 - 8:45 a.m. Robin Workshop introduction 

8:45 - 9:00 a.m. John SWGDAM guidelines & mixture literature

Profile 1: Fundamental Principles of Mixture and Interpretation

9:00 - 10:30 a.m.

Catherine Profile overview & analytical threshold

Mike Stutter

John Stochastic threshold

Charlotte Profile analysis with assumption set 1

Robin Profile analysis with other assumptions

10:30 - 10:45 a.m. BREAK

Profile 1: Weighting the Evidence (Statistics)

10:45 a.m. - 12:15 p.m.

Mike Statistics examples using specific loci

Charlotte Inclusion/exclusion comparison

Report wording

12:15 - 1:00 p.m. LUNCH

Profile 2: Complex mixtures

1:00 - 2:45 p.m.

Robin 2-person indistinguishable mixture

Mike Statistical issues with 2-person indistinguishable mixture

Charlotte Complex mixtures (3 & 4 person, relatives)

2:45 - 3:00 p.m. BREAK

Profile 3: Low Level DNA mixtures

3:00 - 3:30 p.m.

John Low level DNA mixture example: limitations of CPI

Other confounding features of casework samples

Back to the Future

3:30 - 4:45 p.m.

Robin BU website introduction

Mike Are there software solutions?

John Literature review: value of emerging information

Catherine Validation U.S.A.

4:45 - 5:00 p.m. Robin Workshop evaluation
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ISHI 2011  

Mixture Interpretation Workshop: 

Using Scientific Analysis 

October 3, 2011 

Welcome  

to Washington DC, 

Maryland  

and Virginia 

Thank you Promega for having us back 

this year!! 

Promega 2011  

Mixture Interpretation Workshop 
Using Scientific Analysis 

8:30 am         Introduction of Presenters and Plan for Workshop  

10:30-10:45 am  BREAK 

 9:00 -10:30 am    Profile 1:  Fundamental Principles of Mixture Interpretation 

10:45 am – 12:15 pm    Profile 1:  Weighting the Evidence  

 1:00 – 2:45 pm   Profile 2: Complex Mixtures 

12:15 – 1:00 pm  LUNCH 

2:45 – 3:00 pm  BREAK 

 8:45 – 9:00 am    Profile 1:  Fundamental Principles of Mixture Interpretation 

 3:00 – 3:30 pm   Profile 3: Low Level DNA Mixtures 

 3:30 - 4:45 pm   Back to the Future 

4:45 – 5:00         Workshop Evaluation  
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Most participants are here through the 

sponsorship of NIJ  

 

 

 

•  NIJ Forensic Science Training Development 

and Delivery Program 

• NIJ Grant # 2008-DN-BX-K158, awarded to 

Biomedical Forensic Science Program at Boston 

University School of Medicine 

• Supporting registration for 175 participants from 

state and local laboratories 

 

This grant also funds: 

• Development of a web site for training in STR DNA 

profile mixture analysis 

– Lessons on specific topics related to mixtures 

– DNA profiles with 1, 2, 3, and 4 person mixtures 

• PowerPlex 16 

• Identifiler 

• Yfiler 

• Minifiler 

• Over 2000 profiles in total 

• Web site training material will be available for open 

use and .fsa files available for download 

Mixture Workshop Presenters 

John Butler 
NIST 

Mike Coble 
NIST 

Robin Cotton 
Boston University 

Catherine Grgicak 
Boston University 

Charlotte Word 
Consultant 

617-638-1952  
rwcotton@bu.edu 

 
301-975-4049 
john.butler@nist.gov 

617-638- 1968 
cgrgicak@bu.edu 

301-975-4330 
michael.coble@nist.gov 

 
301-527-1350 
cjword@comcast.net 

mailto:rwcotton@bu.edu
mailto:john.butler@nist.gov
mailto:cgrgicak@bu.edu
mailto:michael.coble@nist.gov
mailto:cjword@comcast.net
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Presenters 

• John Butler; 

– Ph.D. in Analytical Chemistry, University of Virginia 

– 20 years experience 

– Writes books on the side 

– The engine behind STRBase 

 

• Mike Coble 

– Ph.D. in Genetics, George Washington University 

– 15 years DNA experience 

– Mitochondrial DNA and STRs at AFDIL 

– Now working even harder at NIST 

 

 

Applied  
Genetics 

Applied  
Genetics 

Presenters 

• Charlotte Word 

– Ph.D. in Microbiology, University of Virginia 

– 20 years casework and technical review experience 

for both public and private laboratories 

– More than 200 court testimonies in admissibility 

hearings and trials 

– Currently a private consultant in the Washington DC 

area 

 

 

 

Charlotte J. Word, Ph.D. 

Consulting 

Presenters 

• Robin Cotton 

– Ph.D. Molecular Biology and Biochemistry, University of 

California at Irvine 

– 18 years casework and testimony experience 

–  Boston University School of Medicine since 2006 

–  Program Director, Biomedical Forensic Sciences 
 

• Catherine Grgicak 

– M.S. Forensic Science, University of Alabama  

– Ph.D. Chemistry, University of Ottawa 

– 3 years experience as DNA Analyst 

– Boston University School of Medicine since 2007 
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 Clickers 

• Will allow real time audience participation 

• We have practice slides to initiate audience 

participation. 

Polling test for clickers; What time zone 

do you live in? 

1. Eastern 

2. Central  

3. Mountain 

4. Pacific 

5. AK or HI 

6. Other 

What is your role in the laboratory?  

1 2 3 4 5 6 7

0% 0% 0% 0%0%0%0%

1. DNA analyst 

2. DNA technician 

3. Database analyst 

4. DNA technical 

leader 

5. QA Manager 

6. Attorney 

7. Other 
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Your Experience Level as a DNA Analyst 

0%

0%

0%

0%

0%

0%

1. Trainee 

2. <2 years 

3. 2-5 years 

4. 5-10 years 

5. 10+ years 

6. I am not an analyst 

How much DNA court testimony 

experience do you have? 

1 2 3 4 5 6

0% 0% 0%0%0%0%

1. Have not testified yet 

2. 1 to 10 times 

3. 11 to 25 times 

4. 25 to 50 times 

5. > 50 times 

6. One more time and I 

will need a good 

shrink. 

Goals of Workshop 

 

Illustrate the process of mixture interpretation using a 

variety of mixture types. 
 

Introduce relevant and current information in the literature. 

Consider how the new information can inform and improve 

mixture and interpretation. 

Expand Our Perspectives 

We hope you have fun!! 
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Introduction to the 

SWGDAM Guidelines  

and the Mixture Literature 
John M. Butler 

2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Presentation Outline 

• Highlights from the SWGDAM 2010 Guidelines 

 

• Review steps (& purpose) in DNA interpretation 

 

• Discuss reference list provided with handouts 

Overview of the SWGDAM 2010 Interp 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 

1. Non-allelic peaks 

2. Application of peak height thresholds to allelic peaks 

3. Peak height ratio 

4. Number of contributors to a DNA profile 

5. Interpretation of DNA typing results for mixed samples 

6. 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 
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• “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.” 

 

– While the FBI QAS do not address this issue, this is 

an example of an issue felt by the committee 

members to be of such importance that it warranted a 

“must.” 

Interpretation of Evidence Completed 

before Comparison to Known(s) 

Q (question) before K (known) 

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. 

Steps in DNA Interpretation 

Peak 
(vs. noise) 

Allele 
(vs. artifact) 

Genotype 
(allele pairing) 

Profile 
(genotype combining) 

Sample 

Deposited 

Extraction 

Quantitation 

PCR 
Amplification 

CE 
Separation/ 

Detection 

Sample 

Collected 

D
a

ta
 C

o
ll
e

c
ti

o
n

 

Signal observed 

Comparison to Known(s) 

Weight of Evidence (Stats) 

Peak 

Allele 

All Alleles Detected? 

Genotype(s) 

Contributor profile(s) 
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Principles Behind Thresholds 
Thresholds 
(example values) 

Principles Behind  
(if properly set based on lab- & kit-specific empirical data) 

Analytical Threshold 
(e.g., 50 RFU) 

Below this value, observed peaks cannot be reliably 

distinguished from instrument noise (baseline signal) 

Limit of Linearity  
(e.g., 5000 RFU) 

Above this value, the CCD camera can become saturated and 

peaks may not accurately reflect relative signal quantities (e.g., 

flat-topped peaks) and lead to pull-up/ bleed-through between 

dye color channels 

Stochastic Threshold 
(e.g., 250 RFU) 

Above this peak height value, it is reasonable to assume that 

allelic dropout of a sister allele of a heterozygote  has not 

occurred at that locus; single alleles above this value in single-

source samples are assumed to be homozygous 

Stutter Threshold  
(e.g., 15%) 

Below this value, a peak in the reverse (or forward) stutter 

position can be designated as a stutter artifact with single-

source samples or some mixtures (often higher with lower DNA 

amounts) 

Peak Height Ratio 
(e.g., 60%) 

Above this value, two heterozygous alleles can be grouped as a 

possible genotype (often lower with lower DNA amounts) 

Major/Minor Ratio  
(e.g., 4:1) 

When the ratio of contributors is closer than this value in a two-

person mixture, it becomes challenging and often impossible to 

correctly associate genotype combinations to either the major or 

minor contributor 

Threshold Decisions 

Thresholds to Determine 
Decisions to Make 

(lab & kit specific) 
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 

Minimum peak height RFU value 

or alternative criteria such as 

quantitation values or use of a 

probabilitistic genotype approach  

Level where dropout occurs in low 

level single-source 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 

quantities) 

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, 1:9) with known samples to 

observe consistency across loci 

and to assess ability to deduce 

correct contributor profiles 

C
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Your Laboratory Interpretation Protocols 

Validation 

studies Literature 
Experience 

Standard Operating 

Procedures (SOPs) 

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.  
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The Mixture Literature 

See provided reference list with over 100 relevant 

references for further information on each topic 

discussed in this workshop 

Revised Quality Assurance Standard 

Requirement for Literature Review 

 5.1.3.2. The laboratory shall have a program 

approved by the technical leader for the annual 

review of scientific literature that documents 

the analysts’ ongoing reading of scientific 

literature. The laboratory shall maintain or 

have physical or electronic access to a 

collection of current books, reviewed 

journals, or other literature applicable to 

DNA analysis. 

http://www.fbi.gov/hq/lab/fsc/backissu/oct2008/standards/2008_10_standards01b.htm 

Quality Assurance Standards for Forensic DNA Testing Laboratories 

(effective September 1, 2011)  

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. FSI 
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.  

Articles in bold font are included in the workshop handouts 
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German Mixture Classification Scheme 

(German Stain Commission, 2006): 

• Type A: no obvious major contributor, no evidence of 
stochastic effects 

• Type B: clearly distinguishable major and minor 
contributors; consistent peak height ratios of 
approximately 4:1 (major to minor component) for 
all heterozygous systems, no stochastic effects 

• Type C: mixtures without major contributor(s), 
evidence for stochastic effects 

 

Type A Type B Type C 

Schneider et al. (2009) Int. J. Legal Med. 123: 1-5 

“Indistinguishable” “Distinguishable” “Uninterpretable” 

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 

Available for download from the ISFG Website: 

http://www.isfg.org/Publication;Gill2006 

Our discussions have highlighted a significant need for 

continuing education and research into this area. 

ISFG Recommendations  

on Mixture Interpretation 

1. The likelihood ratio (LR) is the 
preferred statistical method for 
mixtures over RMNE 
 

2. Scientists should be trained in 
and use LRs 
 

3. Methods to calculate LRs of 
mixtures are cited 
 

4. Follow Clayton et al. (1998) 
guidelines when deducing 
component genotypes 
 

5. Prosecution determines Hp and 
defense determines Hd and 
multiple propositions may be 
evaluated 

6. When minor alleles are the same 
size as stutters of major alleles, 
then they are indistinguishable 
 

7. Allele dropout to explain evidence 
can only be used with low signal 
data  
 

8. No statistical interpretation should 
be performed on alleles below 
threshold 
 

9. Stochastic effects limit usefulness 
of heterozygote balance and 
mixture proportion estimates with 
low level DNA 

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 

http://www.isfg.org/Publication;Gill2006 

http://www.isfg.org/members/index.html
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In general we agree with the recommendations of Gill et al. that are: 

(i) when possible peak height ⁄ area should be included in mixture 

interpretation; (ii) stutter position peaks at similar peak height ⁄ area as 

that of obligate minor contributor alleles should be considered as 

potential alleles in the interpretation and statistics calculation; and (iii) a 

stochastic threshold (termed „„dropout threshold‟‟) should be defined. 

Budowle et al. (2009) Article  

from the FBI Mixture Committee 

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. 

Responses to ISFG DNA Commission 

Mixture Recommendations  

• UK Response 
– Gill et al. (2008) FSI Genetics 2(1): 76–82 

 

• German Stain Commission 
– Schneider et al. (2006) Rechtsmedizin 16:401-404 (German version) 

– Schneider et al. (2009) Int. J. Legal Med. 123: 1-5 (English version) 

 

• ENFSI Policy Statement 
– Morling et al. (2007) FSI Genetics 1(3):291–292 

 

• New Zealand/Australia Support Statement 
– Stringer et al. (2009) FSI Genetics 3(2):144-145 

 

• SWGDAM – Interpretation Guidelines 
– Approved Jan 2010 and released April 2010 on FBI website 

Elements of DNA Mixture Interpretation 

Practice (training & experience) 

Principles (theory) 

Protocols (validation) 

ISFG Recommendations 

SWGDAM Guidelines 

Your Laboratory 

SOPs 

Training within  

Your Laboratory 
Consistency across analysts 

Periodic training will aid accuracy  

and efficiency within your laboratory. 
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Recent Article on “Problems” with Mixture Interpretation 

• DNA mixture from an adjudicated criminal case – 

and a “suspect 3” profile -- were provided to 17 

DNA analysts without contextual case information 
 

• Results (re: Suspect 3): 1 “cannot be excluded”, 

4 “inconclusive”, and 12 “excluded” 
 

• Not consistent between analysts – authors 

suggest subjectivity in mixture interpretation 
 

• Not consistent with original result – authors 

suggest bias due to availability of case context 

with original analysts 

Dror & Hampikian (2011) Subjectivity and bias in forensic DNA mixture interpretation. Sci. Justice, (in press) 

Mixture Suspect 3 

17,18 

vWA 

10,14 

D13S317 

Available on-line since Sept. 1, 2011 

STRBase Mixture Section 
http://www.cstl.nist.gov/biotech/strbase/mixture.htm 

• Updated literature lists by topic 

 

• Workshop slides and links to other info 

 

• Useful freeware programs (e.g., Excel macros) 

will be available for download 

 

Section launched in October 2010 and will continue to develop over time 

Acknowledgments 

• SWGDAM Mixture Committee members for their hard 

work through many long hours of discussing and writing 

these guidelines 
 

 

• NIJ Funding to our NIST Group through NIST OLES 

interagency agreement 2008-DN-R-121  

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

john.butler@nist.gov 

301-975-4049 
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Profile 1 Introduction  
& Analytical Thresholds 

Catherine M. Grgicak 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Profile 1 (stutter filter off) 

 

 
 SWGDAM Mixture Guidelines 

 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”  

 What are these ‘Other scientific methods’? 

 

 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”  

 How does one determine analytical threshold? 
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 Methods Discussed in Literature 

 Method 1. 

◦ Kaiser (IUPAC 1976) 

 Winefordner 1983 and Krane 2007 

 Method 2.  

◦ Currie (IUPAC 1995) 

 Winefordner 1983 

 Method 3. 

◦ Example in SWGDAM Guidelines  

 Method 4. 

◦ Miller & Miller.  Statistics for Analytical Chemistry (Ellis 

Horwood & Prentice Hall) 

 IUPAC 1997 ElectroAnalytical Committee 

 Method 5. 

◦ 1997 IUPAC ElectroAnalytical Committee 

Recommendations  
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Method 1, 2 and 3 - Negatives 

 Run 33 negatives 

 Suggest using amplification negatives (not just blanks) as they are 

more representative 

 Analyze with GeneMapper ID at an RFU of 1 and remove labels 

within +/-2 bases of the Internal Size Standard 

 

  

 

 

 
 

Method 1, 2 - Negatives 

blblM ksYAT 1

53614131131 .).*(.ATM

71MAT

42MAT

n

s
tY AT bl

α,νblM 12

683
30

141
4621132 .

.
*.. ATM

Kaiser argued a value of k = 3 will 

result in an AT where we are at least 

89% confident and at most 99.86% 

confident noise will be below this 

value. 

Both 95% and 99% confidence 

intervals have been suggested. 
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Method 3 and 4  

)Y(Y ATM minmax3 2

180923 )( ATM

183 ATM

NOTE:  Because we are NOT 

using raw data (but analyzed 

GeneMapper data), data below 

0 RFU is not ‘observed’ and 

therefore, the number 

calculated is smaller than 

expected!!! 

HOWEVER, the calculated AT 

is still larger than either Method 

1 or 2! 

RFU 

Signal 

of Blank 

No. of 

observ

ations 

Percent 

Rank 

ATM4 at 

rank 

>=99% 

1 206 3.87  

 

 

 

 

 

6 

2 1481 31.73 

3 1884 67.16 

4 1161 89.00 

5 453 97.51 

6 110 99.59 

7 18 99.92 

8 3 99.98 

9 1 100 

 

 
 

Methods 5 & 6 – Positives (Standard Curves) 

 Regression of positive samples (i.e. single source samples) 

 Amplified 0.0625-4ng dilution series, injected 5s using manufacturer’s recommended 

protocol  

 Plot of Input DNA (ng) versus average peak height (per color) – with error bars 

◦ If a peak was homozygous, the RFU was divided by 2 

 

 

 

 

• The points at 2 and 4 ng fall 

off the line (PCR efficiency 

approaching a plateau)! 

• The error bars become 

larger with increased DNA 

input! 

 

 

 

 

 

◦ A weighted linear regression is 

within the linear range (i.e. 0.0625 – 1 

ng) was used. 

 

 
 Method 5 & 6 

 b (y-intercept) = -2.30 

 Sy (standard error of 

regression) = 10.77  

 

 

 
yM Sb AT 34

314MAT

 b (y-intercept) = -2.30 

 Sy (standard error of regression) = 

10.77 

 t-stat (n-1=4) and alpha of 99% 

t=3.75  

 

 

 

395MAT

yn St ,1M5 b AT
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 Summary of Results 

 

 

 

 

 

 

 

 

 

 

Before you choose, consider the following slide… 

Method Origin 

Analytical 

Threshold for 

green 5s 

injection example 

1 Negatives 7 

2 Negatives 4 

3 Negatives 18 

4 Negatives 6 

5 DNA Series 31 

6 DNA Series 39 

 

 
 Baselines Positives ≠ Baselines Negatives 

30 
 

 
 

 
0 

30 
 

 
 

 
 

 
0 

30 
 

 
 

 
 

 
0 

High 

input of 

DNA 

Neg amp 

control 

Low 

input of 

DNA 

 

 
 

Type I Error – False Labeling of Noise Peaks 

• This is not instrument baseline/noise 

• Single source DNA data amplified from 0.0625 – 2 ng 

• Differentiated ‘noise’ from artifact 

• -A, pull-up, stutter (+ or -), spikes, dye artifacts 

• Plotted RFU of the known/expected peak versus the highest ‘noise’ peak 

 

 

R
F

U
 N

o
is

e
 

Average Allele Peak Height 

Green 10s injection 

Average Allele Peak Height 

Green 5s injection 

0.06 (□), 0.13 (■), 0.25 (■), 0.5 (◊), 1 (♦) and 2 (♦) ng  
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Conclusions – Type 1 Error 

•  Each of the methods can be used to describe the analytical 

threshold in SWGDAM Guidelines 1.1 and 3.1.1.2 

-Data suggest ‘noise’ does not remain constant between 

negatives and samples with a significant amount of DNA (i.e. 

RFUs >1000).   

 

•  Methods 5 and 6 require that each run protocol (i.e. different 

injections times) be analyzed separately 

 

•  Different color channels behave differently – if possible, determine 

ATs for each color 

 

•  ATs derived from methods based on negative sample analysis (i.e. 

Method 1) may not be optimal for medium-high template samples – 

but reasonable for low-template ones. 

 

 

 
 Type II Error – False non-labeling of alleles 

(Drop-out) 

Single source 0.125ng, 1ul 3130 prep volume and 10s injection 

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200
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e
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u
t

Analytical Threhold (RFU)

■ locus DO 

■ allelic DO 

■ sum (# loci exhibiting DO) 

Type II Error – False non-labeling of alleles 

-As AT increases, locus DO increases, while allele DO stabilizes after 50 RFU 

then starts to decrease after AT of ~150 RFU. 

 

-Although a higher AT (i.e. >150 RFU) begins to decrease the number of loci 

where allele DO occurs (less stochastic variation), 

 

-Locus DO increases, resulting in an overall increase in DO with AT for Low-

template samples 

 

hetlocitotal

alleleDOhetloci
locusfreqDO

#

)2(#
)(

hetlocitotal

alleleDOhetloci
allelefreqDO

#

)1(#
)(
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-AT’s have a large effect on the ability to detect/label alleles. 

 

- To take a ‘conservative’ approach and utilize high AT values leads to a 

substantial level of Type II errors for low-level samples (i.e. <1000RFU). 

Type II Error – False non-labeling of alleles 

F
re

q
(D

O
)
a
lle

le
 lo

s
s
  

# non-labeled alleleshet loci 

# alleles expectedhet loci 

= 

Profile (no stutter filter) 

The AT is….. 

#2. 

- AT of 30 RFU (ATM5 95% confidence) based on 
samples that contained DNA. 

 
 

 

 

 

 

 

 

– NB:  30 RFU for all colors was used for simplicity and 
ATs applied on a per color basis is recommended 

 

 

 

 

Color 
ATM5 95% 

confidence 

RFU Threshold 

Applied for ISHI 

workshop 

Blue 19 

30 
Green 24 

Yellow 16 

Red 13 



Stutter ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 1 

Stutter 

Michael D. Coble 

2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Review of the Literature 

 

 

Many labs just use a flat 15% 

Allele-Specific Stutter % 
Identifiler User Manual 
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Repeat Length 

%
 S

tu
tt

e
r Tetra 

Penta 

Tetra w/ LTDNA 

3 SD 

2 SD 

Stutter Trends 

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.   

Profile 1 - D5S818 

Stutter ? 

12.5% 
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Profile 1 - D5S818 

Stutter ? 

12.5% 

Possible Genotypes 

13, 13 

12, 13 

11, 13 

ISFG Recommendation #6 Example 

Likely a AA 

Possibly AB 

(homozygote) 

(heterozygote) 

Could also be AC, AD, 

AA, or A,? (dropout) 

Profile 1 - FGA 

If Assume 2 Contributors…. 

   23,23       20,28 

If Assume >2 Contributors… 

 

   23,23  20,?; 28,?; 

   22,?; ?,? 

Major     Minor 
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Summary 

• Stutter can vary across profiles, loci, or alleles. 

 

• Stutter becomes especially problematic for 

mixtures when samples are at low [DNA] levels. 

 

• Labs should decide when is it appropriate to turn 

off stutter filters, especially when the minor 

component alleles are nearly the same height as 

stutter peaks.  
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Setting and Applying  

Stochastic Thresholds 

John M. Butler 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Presentation Outline 

• What is a stochastic threshold and why is it 

important? 

 

• How can you determine your stochastic 

threshold? 

 

• How should you appropriately apply your 

stochastic threshold? 

– Remember that statistics and interpretation are coupled 

General Definition of Stochastic 

• Stochastic is synonymous with "random." The 

word is of Greek origin and means "pertaining to 

chance“.  … Stochastic is often used as 

counterpart of the word "deterministic," which 

means that random phenomena are not 

involved. Therefore, stochastic models are 

based on random trials, while deterministic 

models always produce the same output for a 

given starting condition.  

 

• http://mathworld.wolfram.com/Stochastic.html 

 

http://mathworld.wolfram.com/Random.html
http://mathworld.wolfram.com/Deterministic.html
http://mathworld.wolfram.com/Stochastic.html
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How can we characterize variation? 

• Look at total amount of variation at end of process 

– Follow the positive control over time 
 

• Experimentally break process into components 

and characterize using appropriate statistics 
– e.g., separate amplification variation from injection variation  

 

• Analyze existing or new validation data, training 

sample data, SRM data, kit QC data 
 

• Use casework data 
– e.g., variation between knowns (victim’s DNA profile within an 

intimate sample) and matching single-source evidence profiles 

 Problem with Stochastic Effects 

• Allele drop-out is an extension of the 

amplification disparity that is observed when 

heterozygous peaks heights are unequal 

– Occurs in single-source samples and mixtures 

– Analyst is unable to distinguish complete allele drop-

out in a true heterozygote from a homozygous state 

 

Slight Moderate 
 

Extreme No detectable 

amplification 

Allele 

drop-out 

 

What is Allele Drop Out? 

 

• Scientifically 

– Failure to detect an allele within a sample or failure 

to amplify an allele during PCR.  From SWGDAM 

Guidelines, 2010 

– Note that: Failure to detect ≠ failure to amplify 

• Operationally 

– Setting a threshold(s) or creating a process, based on 

validation data and information in the literature, which 

allows assessment of the likelihood of drop-out of an 

allele or a locus.  
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Stochastic Effects  

and Stochastic Threshold 

SWGDAM 2010 Interpretation Guidelines glossary: 

 

• 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 

 

http://www.fbi.gov/about-us/lab/codis/swgdam-interpretation-guidelines 

Is this “peak” a homozygote or a 

heterozygote missing an allele? 
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Important Principle: With many casework 

sample, we cannot avoid stochastic effects 

and allele or locus drop-out. 

Why ? 
We do not know the number of 

contributors to a sample or the 

true contributor ratio in a mixture! 
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Sample Mixture Ratio Impacts Amount of 

DNA Available for PCR Amplification 

Amount of DNA ~ # of cells from 

major component 

~ # of cells from 

minor component 

1 ng 107 36  

0.5 ng 53  18 

0.25 ng 27  9  

0.125 ng 12  4  

0.063 ng 7 2 

Assume sample is a 1:3 mixture of two sources: 

Stochastic effects expected with PCR amplification from <20 cells 

Stochastic Effects May Be Seen in  

Samples with Sufficient Total DNA 

Amount of DNA ~ # of cells from 

major component  

~ # of cells from  

minor component 

1 ng 129 14  

0.5 ng 64  7 

0.25 ng 32  4 

0.125 ng 16  2 

0.063 ng 8 1 

Stochastic effects expected with PCR amplification from <20 cells 

Assume sample is a 1:9 mixture of two sources: 

Identifiler Results: NEST I1, I2, I3, I4 (varying input DNA) 

Input DNA 

1.5 ng 

1.0 ng 

0.5 ng 

0.25 ng 

Minor components drop out at low 

levels due to stochastic effects 
Data courtesy of Amy Christen, Marshall University NEST Project Team 

Stochastic effects can impact  

minor component alleles (and PHRs) 

150  

pg 

Minor 

component 

amount 

100  

pg 

50 

pg 

25 

pg 

10:1 Female: Male 
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Allelic  

Drop-out 

14 allele 

drop-out 

Identifiler, 30 pg 

DNA, 31 cycles 

High 

Stutter 

64% 

stutter 

Identifiler, 10 pg 

DNA, 31 cycles 

Allelic  

Drop-in 

16 allele 

drop-in 

Identifiler, 10 pg 

DNA, 31 cycles 

Severe 

Peak Imbalance 

Identifiler, 30 pg 

DNA, 31 cycles 

10,11 12,14 12,13 18,19 Correct 

genotype: 

30% peak 

height ratio 

Stochastic Effects with Low Levels of DNA  
When Combined with Higher Sensitivity Techniques 

Loss of True Signal (False Negative) Gain of False Signal (False Positive) 

Approaches to Setting  

a Stochastic Threshold 

30 RFUs 

200 RFUs 

Analytical Threshold 

Stochastic Threshold 

Noise 

Called Peak 

(Cannot be confident 

dropout of a sister allele 

did not occur) 

Called Peak 

(Greater confidence a sister 

allele has not dropped out) 

Peak not 

considered 

reliable 

Example values  

(empirically determined 

based on own internal 

validation) 

Minimum threshold for data 

comparison and peak 

detection in the DNA typing 

process 

The value above which it is 

reasonable to assume that 

allelic dropout of a sister 

allele has not occurred 

Overview of Two Thresholds 

Butler, J.M. (2010) Fundamentals of Forensic DNA Typing. Elsevier Academic Press: San Diego. 

PAT 

MIT 
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Two Thresholds 

• Peak Amplitude 

Threshold (PAT) 

• Match Interpretation 

Threshold (MIT) 
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Pat Buchanan 
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 Mitt Romney 

If between PAT and 

MIT, can exclude 

but not use statistics 
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Stochastic and Analytical Thresholds  
Impact Lowest Expected Peak Height Ratio 

AT 

ST 

Determining the Dropout (Stochastic) Threshold 

• The dropout threshold can be determined experimentally 

for a given analytical technique from a series of pre-PCR 

dilutions of extracts of known genotype technique (it will 

probably vary between analytical methods). These 

samples can be used to determine the point where allelic 

dropout of a heterozygote is observed relative to the size 

of the survivor companion allele. The threshold is the 

maximum size of the companion allele observed. This is 

also the point where Pr(D) approaches zero (Fig. 4). 

Dropout threshold will change depending on instrument and assay 

conditions (e.g., longer CE injection will raise dropout threshold) 

Gill et al. (2008) FSI Genetics 2(1): 76–82 
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Drop Out Probability as a Function of 

Surviving Sister Allele Peak Height 

Setting a Stochastic Threshold is 

Essentially Establishing a Risk Assessment 

Gill, P., et al. (2009). The low-template (stochastic) threshold-Its determination 

relative to risk analysis for national DNA databases. FSI Genetics, 3, 104-111. 

With a single peak at 100 RFU, there is 

approximately a 7% chance of a sister 

heterozygous allele having dropped out 

(being below the analytical threshold) 

With a single peak at 75 RFU, there is 

approximately a 22% chance of a sister 

heterozygous allele having dropped out 

(being below the analytical threshold) 

The position and shape of 

this curve may change based 

on anything that can impact 

peak detection (e.g., CE 

injection time, PCR cycle 

number, post-PCR cleanup). 

“Currently, most laboratories use 

an arbitrary stochastic threshold. 

When a protocol is changed, 

especially if it is made more 

sensitive to low-level DNA, then 

the stochastic threshold must 

also change.” 
Puch-Solis R, et al. (2011). Practical 

determination of the low template DNA threshold. 

Forensic Sci. Int. Genet. 5(5): 422-427. 

Stochastic Effects and Thresholds 

Regular Injection Injection Following Desalting (MiniElute) 

False homozygote 

Allele failed to amplify 

When PCR amplifying low levels of 

DNA, allele dropout may occur Stochastic threshold 

must be raised 

Allele failed to amplify 
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Setting Stochastic Methodology 

• Calculated with data from the sensitivity study (DNA 
dilution series) analyzed with dye specific analytical 
thresholds 

 

• Examination of sample amounts where dropout is 
observed (50 pg, 30 pg, 10 pg for Identifiler and 
Identifiler Plus) 
– Focus on sample amounts with dropout present to 

examine stochastic effects including severe imbalance of 
heterozygous alleles and allele dropout 

 

• Stochastic Threshold: The RFU value of highest 
surviving false homozygous peak per dye channel 

 

Slide from Erica Butts (NIST) 3500 presentation in Innsbruck, Austria (Sept 5, 2011) 

Heat Map Explanation 
Results broken down by locus 

Green = full (correct) type 

Yellow = allele dropout 

Red = locus dropout 

This is an easy way to look at a lot of data at once 

A single profile slice 

A replicate slice 

Slide from Erica Butts (NIST) 3500 presentation in Innsbruck, Austria (Sept 5, 2011) 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

Stochastic Threshold 

Identifiler: 28 cycles 

Standard Injection on 3500: 

7 sec @ 1.2 kV inj 

n=84 Samples Slide from Erica Butts (NIST) 3500 presentation in Innsbruck, Austria (Sept 5, 2011) 



Stochastic Threshold 

 

ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 9 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

Stochastic Threshold 

Identifiler Plus: 28 cycles 

Standard Injection on 3500: 

5 sec @ 1.2 kV inj 

n=84 Samples Slide from Erica Butts (NIST) 3500 presentation in Innsbruck, Austria (Sept 5, 2011) 

Summary of Thresholds 

Identifiler: 7 sec @ 1.2 kV (28 cycles) 

AT 

(RFU) 

Highest 

Surviving 

Peak (RFU) 

ST 

(RFU) 

Expected 

PHR 

Blue 95 344 345 28% 

Green 130 435 435 30% 

Yellow 140 409 410 34% 

Red 120 309 310 39% 

Identifiler Plus: 7 sec @ 1.2 kV (28 cycles) 

AT 

(RFU) 

Highest 

Surviving 

Peak (RFU) 

ST 

(RFU) 

Expected 

PHR 

Blue 55 288 290 19% 

Green 75 383 385 19% 

Yellow 105 414 415 25% 

Red 120 265 265 45% 

n=84 samples 

Expected peak height 

ratio (PHR) is 

assuming the 

possibility of having 

one peak at the AT and 

one peak at the ST 

 

Expected PHR = AT/ST 

Both AT and ST values 

rounded to the nearest 

5 RFU value 

Slide from Erica Butts (NIST) 3500 presentation in Innsbruck, Austria (Sept 5, 2011) 

Keep in Mind… 

 “The use of bounds applied to data that show 

continuous variation is common in forensic 

science and is often a pragmatic decision.  

However it should be borne in mind that 

applying such bounds has arbitrary elements to 

it and that there will be cases where the data 

lie outside these bounds.” 

 

Bright, J.A., et al. (2010). Examination of the variability in mixed DNA profile parameters for the Identifiler 

multiplex. Forensic Science International: Genetics, 4, 111-114. 
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Appropriately Applying 

a Stochastic Threshold 

ST = 200 RFU will be used  

for this workshop 

Coupling of Statistics and Interpretation 

• The CPE/CPI approach for reporting an inclusionary 

statistic requires that all alleles be observed in the 

evidence sample 

 

• If allele drop-out is suspected at a locus, then any allele 

is possible and the probability of inclusion goes to 100% 

-- in other words, the locus is effectively dropped from 

consideration 

 

• If alleles are seen below the established stochastic 

threshold, then the locus is typically eliminated (“INC” – 

declared inconclusive) in many current lab SOPs 

Can This Locus Be Used  

for Statistical Calculations? 

AT 

ST 
It depends on your assumption 

as to the number of contributors! 

If you assume a single-source sample, 

then you can assume that the detection 

of two alleles fully represents the 

heterozygous genotype present at this 

locus. 

If you assume (from examining other loci in 

the profile as a whole) that the sample is a 

mixture of two or more contributors, then 

there may be allele drop-out and all alleles 

may not be fully represented. 
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ST 

AT 

Three Example Scenarios 
Data from a Single Locus 

(c) (b) (a) 

the 

“PALIN” 

zone 

Lab interpretation 

threshold = 125 RFU 

107 RFU 

peak should 

not be called 

Data from Brad Bannon (Duke lacrosse player defense attorney) 

Don’t Call Peaks Below Your Validated Threshold! 

May 12, 2006: DNA Security Report 

Suspect Evidence Victim 

Data from Brad Bannon (Duke lacrosse player defense attorney) 



Stochastic Threshold 

 

ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 12 

Profile 1 

(stutter filter off) 

AT = 30 RFU 

ST = 200 RFU 

Limitations of Stochastic Thresholds 

• The possibility of allele sharing with a complex mixture 

containing many contributors may make a stochastic 

threshold meaningless 

 

• “Enhanced interrogation techniques” to increase 

sensitivity (e.g., increased PCR cycles) may yield false 

homozygotes with >1000 RFU 

 

• New turbo-charged kits with higher sensitivity will 

need to be carefully evaluated to avoid allele drop-

out and false homozygotes 

Summary 

• A stochastic threshold (ST) may be established for a 

specific set of conditions to reflect possibility of allele 

drop-out, which is essential for a CPE/CPI stats approach 
 

• ST should be re-examined with different conditions (e.g., 

higher injection, sample desalting, increase in PCR 

cycles) 
 

• ST will be dependent on the analytical threshold set with 

a method and impacts the lowest expected peak height 

ratio 
 

• Assumptions of the number of contributors is key to 

correct application of ST 
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Profile 1:  

Distinguishable Mixture 
 Number of Contributors, 

Assumptions & Genotypes 

Charlotte J. Word 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Mixture Interpretation 

• Criteria for mixture 

• Criteria for determining number of 

contributors 

• Criteria for classifying mixture 

– Distinguishable vs. indistinguishable 

• Calculating mixture ratio and use 

• Criteria for major/minor contribtors 

• Determining genotypes 

Minimum Number of Contributors 

• Can be determined based on the locus 

that exhibits the greatest number of 

allelic peaks 

• 2 loci have 4 alleles – maximum 

number alleles observed 

• 2 = minimum number of contributors 

• What is the true number of 

contributors? 

–Must make assumptions 
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Impact of Assumptions on 

Interpretation and Statistical 

Calculations 

With assumptions for # of contributor: 

May be able to associate alleles into 

genotypes 

May be able to associate genotypes 

into single-source profiles 

Has an effect on the types of 

statistical calculations possible 

German Mixture Classification Scheme 

(German Stain Commission, 2006): 

• Type A: no obvious major contributor, no evidence of 
stochastic effects 

• Type B: clearly distinguishable major and 
minor contributors; consistent peak height ratios 
of approximately 4:1 (major to minor component) 
for all heterozygous systems, no stochastic effects 

• Type C: mixtures without major contributor(s), evidence for 
stochastic effects 

Type A Type B Type C 

Schneider et al. (2009) Int. J. Legal Med. 123: 1-5 

“Indistinguishable” “Distinguishable” “Uninterpretable” 

Unrestricted vs. Restricted 
Use of peak height information to select only certain 

genotype combinations based on assumptions used 

http://www.fbi.gov/about-us/lab/codis/swgdam-interpretation-guidelines 
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Calculation of Major/Minor Ratio 
With 2-person mixtures, examine loci with four alleles 

Sum of major 

allele peak 

heights 

Sum of minor 

allele peak 

heights 

PHA+PHC 

PHB+PHD 

Sum of major 

allele peak 

heights 

Sum of all allele 

peak heights at 

the locus 

PHA+PHC 

PHA+PHC+PHB+PHD 

Major = A,C 

Minor = B,D 

A B C D 

Mixture Ratio Calculations 

D18S51 

D8S1179 

= 0.25 

= 0.20      

213 + 103 

589 + 689 

213 + 103           

213 + 589 + 689 +103 

1 part + 4 parts 

= 0.22 

= 0.18      

112 + 152 

616 + 597 

112 + 152           

112 + 616 + 597 +152 

1 part + 4.5 parts 

Mixture Ratio Calculations 

1 part + 3.3 parts 

1 part + 5 parts 

D5S818 

122 + 162 

974 
= 0.29 

122 + 162           

122 + 974 + 162 
= 0.23      

FGA 
81 + 56 

741 
= 0.19 

81 + 56           

81+ 741 + 56 
= 0.16      
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Assumptions for Genotype 

Determination – Profile 1 

 

Only 2 contributors 

1 major contributor, 1 minor 
 contributor 

Mixture ratio of ~4:1 (major:minor) 

No +4 or -4 stutter peaks, except      
 where stated 

Genotypes – Amelogenin 

   Major    Minor 

    X Y       ? 

Genotypes – 4 Alleles – D8S1179 

   Major    Minor 

   14,15   13,16 

Not concerned 16 is below 

stochastic threshold since 

have two minor peaks 
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Genotypes – 4 Alleles – D18S51 

Stutter peaks irrelevant if 

assume only 2 contributors               

– can ignore since have 2 

minor peaks 

Genotypes – 4 Alleles – D18S51 

   Major    Minor 

   16,18   14,20 

Stutter peaks irrelevant if 

assume only 2 contributors 

– can ignore since have 2 

minor peaks 

X 

X 

   Major    Minor 

   23,23    20,28 X 

Stutter peak irrelevant if 

assume only 2 contributors               

– can ignore since have 2 

minor peaks 

Genotypes – 3 Alleles – FGA 

(2 minor peaks) 
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Genotypes – 3 Alleles – D5S818 

(2 minor peaks; Stutter ?) 

? Stutter 

  12.5% 

   Major    Minor 

   12,12   11,13        

       stutter filter = 6.8% 

              it’s an allele 

If 11 is possibly 11, 13; 

 stutter:   12, 13;  

                  or  13, ? 

Genotypes – 3 Alleles – CSF1PO 

(1 minor allele above ST) 

   Major    Minor 

   10,11    12, 12 

    (10,12; 

     11,12) 

11,12   1043-321  = 67%  

  1079 

10,12    1079-321 = 73% 

  1043 

 67% 

Genotypes – 3 Alleles –  D7S820 & 

D2S1338 (1 minor peak, below ST) 

   Major    Minor 

   10,12     8, ? 

   Major    Minor 

   22,25    23, ?  

If 21 or 23 is possible stutter, 

accounted for with ? 
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Genotypes – 3 Alleles –  D13S317 

& vWA (1 minor peak, below ST) 

   Major    Minor 

   11,12   13, ?  

   Major    Minor 

   15,16   19, ?  

If 14 is possible stutter, 

accounted for with ? 

Genotypes – 3 Alleles –  D16S539 

(1 minor peak, below ST, Stutter?) 

Stutter?       

(18.7%) 

   Major    Minor 

   10,13   12,?        

  Stutter filter = 10.4% 

  It’s an allele 

If stutter filter is 20%  

stutter peak 

Then no unique minor 

contributor peak is present      

 – inconclusive locus 

 for minor contributor 

Genotypes – 3 Alleles – D19S433 

(high “minor allele”) 

59% 61% 

Need Major:Minor Criteria to address this 

Using peak height ratio,  

all genotypes possible: 

12,12  12,13 

13,13   12,14 

14,14  13,14 

Is there a major:minor here? 



Profile 1 Analysis with Assumption Set 1 ISHI 2011 Mixture Workshop 

October 3, 2011 

 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 8 

Genotypes – 3 Alleles – D19S433 

(high “minor allele”) 

59% 61% All possible genotype 

combinations:  

12,12 + 13,14   1:1.6 

13,13 + 12,14  1:3.3 

14,14 + 12,13  1:1.6 

12,13 + 12,14  1:1.4 

12,13 + 13,14  1:1 

12,14 + 13,14  1:1.4 

Using MIXTURE RATIO calculations, can eliminate 

genotype pairs  

Genotypes – 3 Alleles – D19S433 

(high “minor allele”) 

59% 61% 

   Major    Minor 

   12,14   13,13   (3.3:1) 

Genotypes – 3 Alleles – D3S1358 

(high “minor allele”) 

62%   64% 

Need Major:Minor Criteria to address this 

Using peak height ratio, all 

genotypes possible:  

14,14  16,16 

14,16   16,18 

14,18  18,18 

Is there a major:minor here? 
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Genotypes – 3 Alleles – D3S1358 

(high “minor allele”) 

62%   64% All possible genotype 

combinations:  

14,14 + 16,18   1:1.5 

16,16 + 14,18  1:3 

18,18 + 14,16  1:1.7 

14,16 + 14,18  1:1.3 

14,16 + 16,18  1:1  

14,18 + 16,18  1.3:1 

Using MIXTURE RATIO calculations, can eliminate 

genotype pairs  

Genotypes – 3 Alleles – D3S1358 

(high “minor allele”) 

62%   64% 

   Major    Minor 

   14,18   16,16   (3:1) 

 

Genotypes – 3 Alleles – D21S11 

(high “minor allele”) 

   Major    Minor 

   30,32.2   28,28  (4:1) 

Is there a major:minor here? 
 

   (30,30     28,32.2  

 32.2,32.2    28,30) 

Need Major:Minor Criteria to address this 

49% 
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   Major    Minor 

    7,7    9.3,? 

Genotypes – 2 Alleles – TH01  

(unequal peak heights; minor <ST) 

   Major    Minor 

    8,8    8,11 or                   

    11,11 

Genotypes – 2 Alleles – TPOX 

(unequal peak heights; minor >ST) 
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Summary 
Do not need to interpret loci “in order” 

Treat loci with similar results the same 
way 

Have criteria in SOP to address 
possible data and interpretation 
options (e.g., # of contributors, mixture 
ratio, possible stutter peaks, 
major:minor) 

Be alert to loci that suggest alternative 
assumptions could/should be made 

Terminology – Mixture Ratio 

SWGDAM Interpretation Guidelines 

glossary: 

 

• 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. 

GUIDELINES 

Terminology  

SWGDAM Guidelines glossary: 
– Major contributor(s): an individual(s) who can 

account for the predominance of the DNA in a mixed 

profile. 

– Minor contributor(s): an individual(s) who can 

account for the lesser portion of the DNA in a mixed 

profile. 

– Distinguishable mixture: a DNA mixture in which 

relative peak height ratios allow deconvolution of 

the profiles of major/minor contributor(s). 

– Indistinguishable mixture: a DNA mixture in which 

relative peak height ratios are insufficient to 

attribute alleles to individual contributor(s). 

 

GUIDELINES 
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Terminology  

SWGDAM Interpretation Guidelines 

glossary: 
 

– Conditional: an interpretation category that 

incorporates assumption(s) as to the number of 

contributors.  

 

– 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.  

 

– 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.  

GUIDELINES 

Assessment of Major/Minor 

Contributor 

A B C D 

With 2-person mixtures, examine loci with four alleles 

AC 

BD 

AB 

CD 

BC 

AD 

Formation of possible 

genotypes depends on PHRs 

allowed and the mixture ratio 

Major = A,C 

Minor = B,D 



PROFILE INTERPRETATION WORKSHEET 
IDENTIFILER 
 
PROFILE NAME: _____Sample 1_____________ 
 
ANALYST: _______________________________ 
 
DATE:  ____10/3/2011______ 
 
MIXTURE:        yes       no        unsure     
 
Allele and Locus Assessments           Assuming 2 contributors, 4:1 ratio 

ID 
LOCUS 

Alleles 
above 

Analytical 
Threshold 

Alleles 
above 

Stochastic 
Threshold 

Other 
peaks to 
consider 

Minimum 
# of 

Donors 

All 
alleles 
likely 

present? 
Y/N 

Stochastic 
issues? 

 Elevated 
stutter? 
missing 
alleles? 

Degradation 
Likely? poss. 

missing 
alleles? 

Yes 
M/m 

If mixture, 
distinguishable 

profile? 
Y/N 

Additional  
Comments 

 
D8S1179  

13, 14, 
15, 16 13, 14, 15 - 2 (4:1) Y, if 2* 

16 +4 
stutter? No*  No 

14,15 
13,16 

* no, if >2 
donors 

 
D21S11 

28,30, 
32.2 

28,30, 
32.2 - 2 Y No No 

30,32.2 
28,28  

 
D7S820 8, 10, 12 10, 12 - 2 N? Missing? No 

10,12 
8,?  

 
CSF1PO 10, 11, 12 10, 11, 12 - 2 Y No No 

10,11 
12,12 

10,12 
11,12 

 
D3S1358 14, 16, 18 14, 16, 18 - 2 Y No No 

14,18 
16,16  

 
TH01 7, 9.3 7 - 2 (PHR) N? Missing? No 

7,7 
9.3,?  

 
D13S317 11, 12, 13 11, 12 - 2 N? 

13 +4 
stutter? 

Missing? No 
11,12 
13, ?  

 
D16S539 10, 12, 13 10, 13 - 2 N? 

12 stutter? 
Missing? No 

10,13 
12,? or inconcl. 

 
D2S1338 22, 23, 25 22, 25 21, 24? 2 N? 

23 +4 
stutter? 

Missing? No 
22,25 
23,?  

 
D19S433 12, 13, 14 12, 13, 14 - 2 Y 

13 +4 
stutter? No 

12,14  
13,13  

 
vWA 15, 16, 19 15, 16 14 2 N? Missing? No 

15,16 
19,?  

 
TPOX 8, 11 8, 11 - 2 (PHR) Y No* No 

8,8 
8,11;11,11 

*yes, if >2 
donors  

 
D18S51 

14, 16, 
18, 20 16, 18 15, 17? 

3  
(4.5:1)* Y, if 2* No* No 

16,18 
14,20 

*no, if >2 
donors 

 
Amel X, Y X, Y - - Y No No 

XY 
?  

 
D5S818 11, 12, 13 12 - 2 (3:1) Y, if 2* No* No 

12,12 
11,13;13,? 

*no, if >2 
donors 

 
FGA 20, 23, 28 23 22 2 (5:1) Y, if 2* No* No? 

23,23 
20,28 

*no, if >2 
donors 
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Analytical threshold: _30 RFU___  
 
Stutter % used: ___ABI_____ 
 
Stochastic threshold: _200 RFU_ 
 
Peak height ratio:  __60% (major)_ 
 
Comments:  _Mixture ratio calculated 



PROFILE INTERPRETATION WORKSHEET 
 
 
PROFILE NAME: _____Sample 1__________ 
 
ANALYST: ____________________________ 
 
DATE:  ____________ 
 
Assumption 1: Number of contributors = ____2______ Assumption 3: ___no stutter peaks_____ 
If distinguishable profiles, # of major contributors = ____1____ 
        # of minor contributors = _____1___ 
 
Assumption 2: ______mixture ratio 4:1______ Assumption 4: _____________________________ 
 
Single-source, Deduced single-source, or Mixture with Distinguishable Major and/or Minor Profile Comparison 

ID 
LOCUS 

Alleles 
above 

Analytical 
Threshold 

Alleles 
above 

Stochastic 
Threshold 

Single 
Source,  
Major or 

Minor  
Contributor 

Alleles 
/Genotypes 

Comparison Profiles 

Additional  
Comments 

Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4 

Sample 
5 

Sample 
6 

 
D8S1179    14,15 12,14 13,16 14,15 

 
11,13 

 
13,16   

 
D21S11   30,32.2 28,30 28,28 30,32.2 

 
27,32.2 

 
29,32.2   

 
D7S820   10,12 9,9 8,12 10,12 

 
11,11 

 
8,11   

 
CSF1PO   10,11 10,10* 12,12 10,11 10,11 

 
11,12  

*if only 1 
major 

 
D3S1358   14,18 16,17 16,16 14,18 

 
14,16 

 
15,16   

 
TH01   7,7 6,6 7,9.3 7,7 

 
6,9.3 

 
6,9   

 
D13S317   11,12 11,14 12,13 11,12 11,13 11,11   

 
D16S539   10,13 11,13 12,13 10,13 11,13 11,12   

 
D2S1338   22,25 22,23 23,25 22,25 17,25 19,24   

 
D19S433   12,14 12,14 13,13 12,14 14,15 15,15   

 
vWA   15,16 17,18 15,19 15,16 15,18 18,19   

 
TPOX   8,8 8,8 11,11 8,8 8,11 8,11   

 
D18S51   16,18 14,16 14,20 16,18 13,17 13,14   

 
Amel   XY XY XY XY XX XY   

 
D5S818   12,12 12,13 11,13 12,12 12,12 10,12   

 
FGA   23,23 21,22 20,28 23,23 25,26 20,20   
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 = Included  A# = Included with assumption  
X = Excluded  XA# = Excluded with assumption 
? = Inconclusive ?A# = Inconclusive with assumption 
 
 
Y/A = Included with Assumptions 
 
 



PROFILE INTERPRETATION WORKSHEET 
 
PROFILE NAME: _____Sample 1__________ 
 
ANALYST: ____________________________ 
 
DATE:  ____________ 
 
Assumption 1: Number of contributors = ____2______ Assumption 3: _______no stutter peaks_____ 
If distinguishable profiles, # of major contributors = ____1____ 
        # of minor contributors = _____1___ 
 
Assumption 2: ______mixture ratio 4:1______ Assumption 4: _____________________________ 
 
Single-source, Deduced single-source, or Mixture with Distinguishable Major and/or Minor Profile Comparison 

ID 
LOCUS 

Alleles 
above 

Analytical 
Threshold 

Alleles 
above 

Stochastic 
Threshold 

Single 
Source,  
Major or 

Minor  
Contributor 

Alleles 
/Genotypes 

Comparison Profiles 

Additional  
Comments 

Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4 

Sample 
5 

Sample 
6 

 
D8S1179    13,16 12,14 13,16 14,15 11,13 13,16   

 
D21S11   28,28 28,30 28,28 30,32.2 27,32.2 29,32.2   

 
D7S820   8,? 9,9 8,12 10,12 11,11 8,11   

 
CSF1PO   

12,12; 
10,12; 
11,12 10,10 12,12 10,11 10,11 11,12   

 
D3S1358   16,16 16,17 16,16 14,18 14,16 15,16   

 
TH01   9.3,? 6,6 7,9.3 7,7 6,9.3 6,9   

 
D13S317   13,? 11,14 12,13 11,12 11,13 11,11   

 
D16S539   

12,? or 
inconclusive 11,13 12,13 10,13 11,13 11,12   

 
D2S1338   23,? 22,23 23,25 22,25 17,25 19,24   

 
D19S433   13,13 12,14 13,13 12,14 14,15 15,15   

 
vWA   19,? 17,18 15,19 15,16 15,18 18,19   

 
TPOX   

8,11 or 
11,11 8,8* 11,11 8,8* 8,11 8,11  

*if only 1 
minor 

 
D18S51   14,20 14,16 14,20 16,18 13,17 13,14   

 
Amel   ? XY XY XY XX XY   

 
D5S818   

11,13 or 
13,? 12,13 11,13 12,12 12,12 10,12   

 
FGA   20,28 21,22 20,28 23,23 25,26 20,20*  

*if only 1 
minor 

 
Page 3 

 = Included  A# = Included with assumption  
X = Excluded  XA# = Excluded with assumption 
? = Inconclusive ?A# = Inconclusive with assumption 
 
 
Y/A = Included with Assumptions 
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Profile 1: Fundamental Principles of 

Mixture Interpretation 

  Distinguishable Mixture? Alternate 

Interpretation 

Robin W. Cotton 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Number of Contributors 

• How safe is the assumption of two 

contributors? 

• Looks OK on the surface, but need to look 

at alternatives 

• Allows analyst to consider alternate 

explanations and be prepared to discuss 

Removing the assumption  

of 2 contributors: 

Unknown number of contributors 

One major and one or more minor contributors? 

    OR 

No assumption of major? 

 

No reason not to consider both 

How should we define major? 

At what ratio of contributors is are the peaks 

sustainably higher? 
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Lets review the profile using the  assumption 

of at least 3 contributors: 

 
• Major contributor observed at how many 

loci? 

• Minor contributor alleles are sometimes 

below stochastic threshold. 

• If stutter peaks are included could there 

be more than one minor contributor?  

• Is the assumption of only one minor is 

questionable? 

• Amel and (and probably qPCR) are 

providing no information regarding 

number of minor contributors 

 

Type B 

Are we in-between with regard 

to the minor contributor(s)?  

• Distinguishable mixture: a DNA mixture in 

which relative peak height ratios allow 

deconvolution of the profiles of major/minor 

contributors. 

 

Type C 

Without assumption of 2 contributors- 

ST 

A        B     C           D 

May be able to make 

assumption of major 

contributor and 

unknown number of 

minor contributors. 

Going with that assumption our possible 

genotypes are:  A,C + B,X + D, X 

Conclusions regarding minor types will be limited. 
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Considering  peak height ratio data: 

• We know there is deterioration in peak 

height ratio with decreasing amount of 

DNA 

• This may impact the PHR of the minor 

contributor(s) in this profile 
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What does our peak height 

information tell us? 

• What does the average tell us? 

– The average declines as the amount of target 

DNA is reduced. 

• How frequently do we see numbers below 

the average? 

– The range of peak heights observed and the 

SD increase as the target DNA is reduced. 

 

Calculation of Major/Minor Ratio 

PROTOCOLS 

Can still approximate proportion knowing that not all 

minor types are above analytical threshold. 

Sum of major 

allele peak 
heights 

Sum of all allele 

peak heights at 
the locus 

PHA+PHC 

PHA+PHC+PHB+PHD 

Major = A,C 

Observed minor 

alleles:  B & D 
ST 

A        B     C           D 

Estimate of proportion of minor based 

on observed peaks: 

= 0.20      213 + 103           

213 + 589 + 689 +103 

D8S1179 
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Estimate of proportion of minor based 

on all observed peaks: 

21 

62 

24 

60 

= 0.15    
62 + 153 + 60           

62 + 838 + 153 +60 + 743 

D2S1338 

Genotypes 

Possibilities: 

   14,15    Major 

 

   13, X 

   16, X 

RFU = stutter 

+ one or more 

contributors 

Cannot assume that peak is 

above stochastic threshold 

Minor cannot be 

defined  

Genotypes 

21 

62 

24 

60 

Possibilities: 

   22, 25    Major 

 

    21, X    

    23, X 

    24, X 

Minor cannot be 

defined  

All three minor peaks are below stochastic threshold. 
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Genotype Possibilities 

14 

33 

Genotype Possibilities 

22 

54 

Summary 
Treat loci with similar results the same 

way 

SOP should address PHR variation with 
respect to mass of template 

Need basis for making assumptions 
regarding # of contributors 

Need methods for estimation of mixture 
ratio 

Must be alert to data that suggests 
alternative assumptions 
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Statistics 

Michael D. Coble 

2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

President John F. Kennedy 
Yale University commencement address (June 11, 1962) 

 ―For the greatest enemy of truth is very often 
not the lie – deliberate, contrived and 
dishonest – but the myth – persistent, 
persuasive, and unrealistic. Too often we 
hold fast to the clichés of our forebears. We 
subject all facts to a prefabricated set of 
interpretations. We enjoy the comfort of 
opinion without the discomfort of 
thought.‖ 

http://www.jfklibrary.org/Research/Ready-Reference/Kennedy-Library-Miscellaneous-Information/Yale-University-Commencement-Address.aspx 

Two Parts to Mixture Interpretation 

• Determination of alleles present in the 

evidence and deconvolution of mixture 

components where possible  

– Many times through comparison to victim and 

suspect profiles 
 

• Providing some kind of statistical answer 

regarding the weight of the evidence 

– There are multiple approaches and philosophies 

Software tools can help with one or both of these… 
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4. Statistical Analysis of DNA Typing Results 

• 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.   

 

DAB Recommendations on Statistics  
February 23, 2000 

Forensic Sci. Comm. 2(3); available on-line at 

http://www.fbi.gov/hq/lab/fsc/backissu/july2000/dnastat.htm  

 “The DAB finds either one or both PE or LR 

calculations acceptable and strongly 

recommends that one or both calculations be 

carried out whenever feasible and a mixture 

is indicated” 
 

– Probability of exclusion (PE)  

• Devlin, B. (1993) Forensic inference from genetic markers. 

Statistical Methods in Medical Research 2: 241–262. 

– Likelihood ratios (LR)  

• Evett, I. W. and Weir, B. S. (1998) Interpreting DNA Evidence. 

Sinauer, Sunderland, Massachusetts. 

Section 5.1 Exclusion probability  

 

- Discussion about exclusion probabilities in Paternity cases. 

 

Two types: 

  

(1) Conditional Exclusion Probability - excluding a random man as  

a possible father, given the mother-child genotypes for a  

particular case. 

 

(2) Average Exclusion Probability – excluding a random man as a  

possible father, given a randomly chosen mother-child pair. 
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Section 5.1 Exclusion probability  

 

“The theoretical concept of exclusion probabilities, however,  

makes no sense within the framework of normal mixture models.‖ 

 

―The interpretation of conditional exclusion probability is obvious,  

which accounts for its value in the legal arena. Unlike [LR],  

however, it is not fully efficient.‖ 

 

Statistical Approaches with Mixtures 

• Inferring Genotypes of Contributors - Separate major and minor 

components into individual profiles and compute the random match 

probability estimate as if a component was from a single source 

 

• Calculation of Exclusion Probabilities - CPE/CPI (RMNE) – The 

probability that a random person (unrelated individual) would be 

excluded as a contributor to the observed DNA mixture 

 

• Calculation of Likelihood Ratio Estimates – Comparing the 

probability of observing the mixture data under two (or more) 

alternative hypotheses; in its simplest form LR = 1/RMP 

See Ladd et al. (2001) Croat Med J. 42:244-246 

RMNE = Random Man Not Excluded (same as CPE) 

CPE = Combined Probability of Exclusion (CPE = 1 – CPI) 

CPI = Combined Probability of Inclusion (CPI = 1 – CPE) 

Statistical Approaches with Mixtures 
See Ladd et al. (2001) Croat Med J. 42:244-246 

“Exclusionary” Approach “Inferred Genotype” Approach 

Random Man Not Excluded 

(RMNE) 
 

Combined Prob. of Inclusion 

(CPI) 

 

Combined Prob. of Exclusion 

(CPE) 

Random Match Probability 

(RMP) 

Likelihood Ratio  

(LR) 
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Statistical Approaches with Mixtures 

• Random Man Not Excluded (CPE/CPI) - The 

probability that a random person (unrelated 

individual) would be included/excluded as a 

contributor to the observed DNA mixture.  

a b c d 

CPI =  (f(a) + f(b) + f(c) + f(d))2 

CPI = PIM1 X PIM2 
… 

CPE = 1 - CPI 

Statistical Approaches with Mixtures 

• Random Match Probability (RMP) – The major 

and minor components can be successfully 

separated into individual profiles. A random 

match probability is calculated on the evidence 

as if the component was from a single source 

sample. 

 

a b c d 

RMPmajor = 2pq  

= 2 x f(a) x f(d)  

Statistical Approaches with Mixtures 

• Likelihood Ratio - Comparing the probability of 

observing the mixture data under two (or more) 

alternative hypotheses 
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Basic Math Terms 

• When ‗+‘ is used, this means ‗OR‘ 

• When ‗x‘ is used, this means ‗AND‘ 

• Pr. is shorthand for probability 

 

• Therefore… 

– the probability of a ‗AND‘ b happening together is 

Pr(a and b) = a x b 

– the probability of a ‗OR‘ b happening together is 

Pr(a or b) = a + b 

 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

Conditioning 

• Probabilities are conditional, which means that the 

probability of something is based on a hypothesis 

 

• In math terms, conditioning is denoted by a vertical bar 

– Hence, Pr(a|b) means ‗the probability of a given that b is true‖ 

 

• The probability of an event a is dependent upon various 

assumptions—and these assumptions or hypotheses 

can change… 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

Probability Example – Will It Rain? (1) 

Defining the Event and Assumptions/Hypotheses 

• Let‘s suppose that a is the probability of an event (e.g., will it rain?) 

• What is the probability that it will rain in the afternoon – Pr(a)? 

 

• This probability is dependent upon assumptions 

– We can look at the window in the morning and observe if it is sunny (s) 

or cloudy (c) 

– Pr(a) if it is sunny (s) is less than Pr(a) if it is cloudy (c) 

 

• We can write this as Pr(a|s) and Pr(a|c) 

– Since sunny or cloudy are the only possibilities, Pr(s) + Pr(c) = 1  

– or Pr(s) = 1 – Pr(c) 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 
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Probability Example – Will It Rain? (2) 

Examining Available Data 

• Pr(a|s) and Pr(a|c) can be calculated from data 

 

• How often does it rain in the afternoon when its sunny in 

the morning? 

– 20 out of 100 observations so Pr(a|s) = 0.2 

 

• How often does it rain in the afternoon when it is cloudy 

in the morning? 

– 80 out of 100 observations so Pr(a|c) = 0.8 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

Probability Example – Will It Rain? (3) 

Formation of the Likelihood Ratio (LR) 

• The LR compares two probabilities to find out which of 

the two probabilities is the most likely 
 

 The probability that it will rain in the afternoon when it is cloudy 

in the morning or Pr(a|c) is divided by the probability that it will 

rain in the afternoon when it is sunny in the morning or Pr(a|s) 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

4
2.0

8.0

)|Pr(

)|Pr(

sa

ca
LR

Probability Example – Will It Rain? (4) 

Explanation of the Likelihood Ratio 

 

 

 

 

• The probability that it will rain is 4 times more likely if it is 
cloudy in the morning than if it is sunny in the morning. 

 

• The word if is very important here. It must always be 
used when explaining a likelihood ratio otherwise the 
explanation could be misleading. 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

4
2.0

8.0

)|Pr(

)|Pr(

sa

ca
LR
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Likelihood Ratios in Forensic DNA Work 

• We evaluate the evidence (E) relative to alternative 

pairs of hypotheses 
 

• Usually these hypotheses are formulated as follows: 

– The probability of the evidence if the crime stain originated with 

the suspect or Pr(E|S) 

– The probability of the evidence if the crime stain originated from 

an unknown, unrelated individual or Pr(E|U) 

 

 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

)|Pr(

)|Pr(

UE

SE
LR

The numerator 

The denominator 

The Likelihood Ratio Must Be Stated Carefully 

• The probability of the evidence is x times more likely if 

the stain came from the suspect Mr. Smith than if it 

came from an unknown, unrelated individual. 

 

• It is not appropriate to say: ―The probability that the stain 

came from Mr. Smith.‖ because we must always include 

the conditioning statement – i.e., always make the 

hypothesis clear in the statement. 

 

• Always use the word ‗if‘ when using a likelihood ratio to 

avoid this trap 

Slide information from Peter Gill (ISFG 2007 workshop, Copenhagen, August 20-21, 2007) 

Likelihood Ratio (LR) 

• Provides ability to express and evaluate both the prosecution 

hypothesis, Hp (the suspect is the perpetrator) and the defense 

hypothesis, Hd (an unknown individual with a matching profile is the 

perpetrator) 

 

 

 

 

• The numerator, Hp, is usually 1 – since in theory the prosecution 

would only prosecute the suspect if they are 100% certain he/she is 

the perpetrator 

 

• The denominator, Hd, is typically the profile frequency in a particular 

population (based on individual allele frequencies and assuming 

HWE) – i.e., the random match probability 

d

p

H

H
LR
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Statistical Approaches with Mixtures 

• Likelihood Ratio - Comparing the probability of 

observing the mixture data under two (or more) 

alternative hypotheses; in its simplest form LR = 

1/RMP 

a b c d 

P(E  H2) 

P(E  H1) 

P(E  H2) 

      1 

2pq  

      1 
= = 1/RMP = 

E  = Evidence 

H1 = Prosecutor‘s Hypothesis  

        (the suspect did it) = 1 

H2 = Defense Hypothesis  

         (the suspect is an unknown,   

.         random person) 

Statistical Approaches with Mixtures 

• Unrestricted Likelihood Ratio - All 

combinations of alleles are deemed possible 

(relative peak height differences are not utilized). 

a b c d 

 

AB BC 

AC BD 

AD CD 

Possible Combinations 

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

Statistical Approaches with Mixtures 

• Restricted Likelihood Ratio - Based on relative 

peak heights, alleles are paired only where 

specific combinations of alleles are deemed 

possible  

a b c d 

 

AB BC 

AC BD 

AD CD 

Possible Combinations 

(without victim subtraction) = (AD + BC) 

2pq + 2pq 
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Advantages and Disadvantages 

RMNE and LR 

Summarized from John Buckleton, Forensic DNA Evidence Interpretation, p. 223 

Buckleton and Curran (2008) FSI-G 343-348. 

Advantages 

- Does not require an assumption of  

 the number of contributors to a mixture 

-  Easier to explain in court 

 
Disadvantages 

- Weaker use of the available information  

 (robs the evidence of its true probative  

 power because this approach does not  

 consider the suspect‘s genotype) 

- LR approaches are developed within  

 a consistent logical framework 

 

RMNE (CPE/CPI) Likelihood Ratios (LR) 

Advantages 

- Enables full use of the data  

 including different suspects 

 

Disadvantages 

- More difficult to calculate 

 (software programs can assist) 

- More difficult to present in court 

 

We conclude that the two matters that appear to 

have real force are: 

(1) LRs are more difficult to present in court and 

(2) the RMNE statistic wastes information that 

should be utilised. 

Curran and Buckleton (2010) 

Created 1000 Two-person Mixtures (Budowle et al.1999 AfAm freq.). 

 

Created 10,000 ―third person‖ genotypes. 

 

Compared ―third person‖ to mixture data, calculated PI for included loci, 

ignored discordant alleles. 
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Curran and Buckleton (2010) 

―the risk of producing apparently strong evidence against  

an innocent suspect by this approach was not negligible.‖ 

30% of the cases had a CPI < 0.01 

48% of the cases had a CPI < 0.05 

―It is false to think that omitting a locus is  

conservative as this is only true if the locus  

does not have some exclusionary weight.‖ 

If CPI/CPE Stats are Used 

 Since exclusionary statistics cannot adjust for 

the possibility of dropout, and does not take the 

number of contributors into account, any loci 

where alleles are below stochastic levels cannot 

be used in the CPI statistic. 

Profile 1: ID_2_SCD_NG0.5_R4,1_A1_V1.2  
CPI/CPE 
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If CPI/CPE Stats are Used 

 Can use 

 D21 

 CSF 

 D3 

 D19 

 TPOX 

     Cannot use 

D8   D2 

D7  vWA 

TH01 D18 

D13  D5 

D16  FGA 

If CPI/CPE Stats are Used 

• CPI statistics using FBI Caucasian Frequencies 

 

• 1 in 71 Caucasians included 

• 98.59% Caucasians excluded 

If RMP Stats are Used 

• Since there is an assumption to the number of 

contributors, it is possible to use data that falls 

below the ST. 
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RMP - D18S51 

If Assume 2 Contributors…. 

    

    16,18       14,20 

Major   Minor 

RMPminor = 2pq  

= 2 x f(14) x f(20)  

= 2 x (0.1735) x (0.0255)  

= 0.00884   or 1 in 113 (LR = 113) 

RMP - TPOX 

If Assume 2 Contributors…. 

 

   8,8          11,8 OR 11,11 

Major       Minor 

RMP = 8,11 + 11,11  

RMP = 2pq  +  (q2  + q(1-q) ) 

 

RMP = 2(0.5443)(0.2537) +  

            (0.2537) 2 + (0.2537)(0.7463)(0.01) 

  = 0.3424    or 1 in 2.9  

Profile 1: ID_2_SCD_NG0.5_R4,1_A1_V1.2  
RMP/LR 



Statistical Analysis of Mixtures ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 13 

If RMP/LR Stats are Used 

 Can use 

 D8 

 D21 

 D18 

 D3 

 D19 

 TPOX 

   FGA 

 CSF 

 

 Loci with potential D-out 

D7   D2 

TH01  vWA 

D13  D5 

D16   

The ―2p‖ Rule 

• The ―2p‖ rule can be used to statistically account 

for zygosity ambiguity – i.e. is this single peak 

below the stochastic threshold the result of a 

homozygous genotype or the result of a 

heterozygous genotype with allele drop-out of 

the sister allele? 

ST 

AT 

Major – 7, 7 

Possible Minor Contributors 

7, 9.3        (2pq) 

9.3, 9.3        p2 

9.3, ?          2p  (or p2 + 2p(1 –p)) 

Profile 1 - TH01 
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Profile 1 - TH01 (LR) 

P(E  H2) 

P(E  H1) 
= 

V + S 

V + U 
= 

f7
2 + f7 (1-f7)   + 1 

f7
2 + f7 (1-f7)  + 

V = 7, 7 

 

p2 + 2p(1 –p) 

U = 7, 9.3 

       9.3, 9.3 

       9.3, ? 

= 
1 

f9.3
2 + 2f9.3 (1-f9.3) 

= 1 / 0.5175  = 1.93 
f9.3 = 0.3054 

Profile 1 - TH01 (LR) 

P(E  H2) 

P(E  H1) 
= 

V + S 

V + U 
= 

1 

V = 7, 7 

 

p2  + p(1-p)  + 2pq 

U = 7, 9.3 

       9.3, 9.3 

= 
1 

f9.3
2 + f9.3 (1-f9.3)  + 2f9.3f7 

= 1 / 0.2007  = 4.98 

Let ST = 125 RFU 

f9.3 = 0.3054 
f7    = 0.1724 

The ―2p‖ Rule 

• ―This rule arose during the VNTR era. At that 

time many smaller alleles ―ran off the end of the 

gel‖ and were not visualised.‖ 

 

    - Buckleton and Triggs (2006) 

   

    ―Is the 2p rule always conservative?‖  
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The ―2p‖ Rule 

Stain = aa 

 

Suspect = aa 

The ―2p‖ Rule 

Stain = aa 

 

Suspect = ab 

Gill and Buckleton (2010) 

ST 

AT 
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How to Handle Low Level Peaks 

Where Dropout May be Present  

• Ignore the locus 

• Re-amplify – then what? 

– Choose the least or most informative profile 

(replicate shopper) 

– Use the consensus approach (alleles are authentic if 

observed in both replicates) 

– Use a composite approach 

– Use a Bayesian  model 

– Use a continuous model (such as TrueAllele) 

Bright, Gill and Buckleton 

Composite  profiles  in  DNA  analysis 

FSI-G in press 

Strategies to statistically evaluate  

low-level DNA evidence 

• The Binary LR Method (Alleles are present or 

not). 

• The semi-Continuous Method (Gill et al. 2000 – 

Interpretation of LCN data). 

• The fully-Continuous Method (Perlin et al. 2011 

– True Allele).  

The Drop-out Model 

FSI-Genetics, in press 

Article included in workshop handout 
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First – Convert Peaks to Alleles 

Assume 2 Contributors 

3 peaks – 4 alleles 

Allelic Vector 
13 
14 
14 
15 

 
13,14,14,15 

 

Ambiguity in Determining Vectors 

Assume 2 Contributors 

Allelic Vectors 
13, 13, 14, 15 
13, 14, 14, 15 
13, 14, 15, 15 

3 possibilities  

Permutations 

• The number of permutations is the number of 
ways that the alleles can be arranged as pairs. 
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Permutations 

• An easier way to compute using factorials. 

n = total number of alleles at the locus. 
m = number of times each allele is seen.   

Determine the Permutations  

for this example 
Allelic Vectors 

13 
14 
14 
15 

 

4! 

1!2!1! 

4x3x2x1 

1x2x1 
= 

12 = 

Let‘s Prove It! 

Allelic Vectors 
13 
14 
14 
15 

 

12 = 

13, 14   and   14, 15  = 2ab x 2bc  = 4ab2c 

 

13, 15   and   14, 14  = 2ac x  b2    = 2ab2c 

 

14, 15   and   13, 14  = 2bc x 2ab  = 4ab2c 

 

14, 14   and   13, 15  =  b2  x 2bc   = 2ab2c 

 

 

         = 12ab2c 
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Assign Allele Designations 

• Use “F” as a placeholder to consider alleles 
that may have dropout.  

Assume 2 Contributors 
3 peaks – 3 alleles 

Allelic Vector 
13,14,15,F 

Assign Probability using the F-model 

• Calculate the number of permutations using 
“F” as a placeholder and then drop it from the 
equation.  

Assign Probability using the F-model 

Pr(13,14,15,F  X)  =   
4! 

1!1!1!1! 
Pr(13,14,15,F  X)   

=  24Pr(13,14,15  X)  
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Apply the Sampling Formula 

(Balding and Nichols 1994) 

x = value calculated from the F-model. 
pa = frequency of the “a” allele. 
Θ = coancestry coefficient (FST).  
n = number of alleles. 

  

x θ + (1- θ)pA 

1 + (n-1) θ 
 

A Worked Example 

D21 
Assume 2 contributors 
Allele 28 = 107 RFU 
Allele 30 = 198 RFU 
ST = 200 RFU 

POI = 28, 30 

2 peaks – 4 alleles 

Allelic Vector 
28,30,F,F 

28 30 

Permutations and Probability 

Pr(28,30,F,F  28,30)  =   
4! 

1!1!2! 
Pr(28,30,F,F  
28,20) 

=  12Pr(28,30  28,30)  



Statistical Analysis of Mixtures ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 21 

Apply the Sampling Formula 

(Balding and Nichols 1994) 

Pr(E|Hp) =1  
Pr(E|Hd) =12Pr(28,30|28,30)  

LR = 1.86   

Kelly et al. (in press) 

• Other models including the ―Q‖ method 

and the Unconstrained Combinatorial ―UC‖ 

method (no peak height info). 

 

• The UC method overestimates the LR and 

is not appropriate. The ―Q‖ model performs 

better than the ―F‖ model, but is more 

mathematically intense…  

The ―Q‖ Model for D21 (28,30)  
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Including the Pr(Dropout) in the LR 

a b 

Suspect 

a c 

Stain 

HP 

Allele b has dropped out 

 

Allele c is a contaminant 

HD 

The stain is from an  

Unknown person 

Some Assumptions 

a b 

Suspect 

a c 

Stain 

D = Pr(dropout) = 0.5 

Cc = Contamination 
          of allele c = 0.03 

Let fa = fb = fc = 0.1 

a b 

Suspect 

a c 

Stain 

LR 
0.00505 

     0.00075 

= 

= 

0.1485 

This favors the HD 
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Summary 

• The laboratory must perform statistical analysis in 

support of any inclusion (Guidelines 4.1). 

 

• There are advantages and disadvantages to both RMNE 

and LR stats. As a general rule, RMNE does not take full 

advantage of all the data. LRs are more difficult to 

explain, but can incorporate drop out, drop in, 

contamination, stutter, etc…  

Summary 

• The issue of how to handle low level data is not going 

away – samples examined (―touch‖ DNA) and more 

sensitive kits from the manufacturers. 

 

• We‘ve spent a lot of time and money on validating new 

extraction methods, kits, instruments – there is a need to 

improve interpretation and statistical analyses of the 

data. 
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Profile 1: 

Inclusion/Exclusion 
Comparison & Report Wording 

Charlotte J. Word 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Report Wording – Conclusions 

Before Comparison, we know:   

1. Mixture obtained with STR kit 

2. Know loci with results/partial/no results 

3. At least two contributors 

4. At least one contributor is male 
 
Conclusion:  
The profile contains a mixture of DNA from 

at least two contributors at least one of 
whom is a male.  

Starting the Report 

• Enough information to start 

conclusions of report and calculate 

statistics even before doing the 

comparison 

 

• Can generate Table of alleles and 

genotypes included (worksheet) 
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Report Wording – Assumptions 

Before Comparison, we know:   

5a. If no assumptions are made regarding 
the number of contributors and we are 
only interpreting the loci with all peaks 
above stochastic threshold (CSF1PO, 
D19, D3, D21, TPOX, D18), need to 
state that only those loci are being 
interpreted and why the others are 
inconclusive.  (i.e., calculating CPE/CPI) 

Report Wording – Assumptions 

Before Comparison, we know:   

5b. If assuming there is a single major 

contributor (based on lab SOP 

criteria) and using no information 

from secondary contributors, need 

to state that is what is being done 

and what loci are being used.   

Report Wording - Assumptions 

Before Comparison, we know:   

5c. If assume only two contributors: 

1. Assume mixture ratio of 4:1 

2. Assume one major contributor 

3. Assume one minor contributor 

4. No filtered stutter peaks 

considered 
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Report Wording – Conclusions 

If the data are interpreted with the 

assumption that there are only two 

contributors, then the mixture 

contains DNA from one major 

contributor who is a male and from 

one minor contributor whose gender 

is unknown.  The results were 

interpreted using a mixture ratio of 

4:1 for the major:minor contributors.   

Comparisons 

• Compare profiles from known 

standards to genotypes determined 

previously using the assumptions and 

recorded on the worksheet (i.e., my 

previous talk) 

Genotypes – 4 Alleles – D8S1179 

   Major   Minor 

   14,15  13,16 

1 12,14 Exc  Exc 

2 13,16 Exc       Included 

3 14,15 Included Exc 

4 11,13 Exc  Exc 

5 13,16 Exc       Included 
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Genotypes – 4 Alleles – D18S51 

  Major   Minor 

  16,18  14,20 

1 14,16 Exc  Exc* 

2 14,20 Exc       Included 

3 16,18 Included Exc 

4 13,17 Exc  Exc 

5 13,14 Exc        Exc 

*if only two contributors 

Genotypes – 3 Alleles –  D2S1338 

(1 minor peak, below ST) 

   Major   Minor 

   22,25   23, ?  

1 22,23 Exc         Included 

2 23,25 Exc       Included 

3 22,25 Included Exc 

4 17,25 Exc  Exc 

5 19,24 Exc   Exc 

Genotypes – 3 Alleles –  D13S317 

(1 minor peak, below ST) 

   Major   Minor 

   11,12  13, ?  

1 11,14 Exc  Exc 

2 12,13 Exc       Included 

3 11,12 Included Exc 

4 11,13 Exc       Included 

5 11,11 Exc*   Exc* 

* If only two contributors 
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Report Wording – Conclusions 

Using the stated assumuptions (in 5c): 

Person 1, person 4, and person 5, are 

excluded as (the major and minor) 

contributors to the mixture.  

Person 3 is included as the major 

contributor.  Statistical frequencies…. 

Person 4 is included as the minor 

contributor.  Statistical frequencies… 
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Inclusions 

Remember:   

Inclusion 

Included 

Cannot be excluded  

 

All have the same meaning  need 
statistical frequencies reported with the 
statement 

Additional Report Wording 

• Additional assumptions that should be 

considered and reported 

– More than 2 contributors (>1 major? >1 minor?) 

– Filtered stutter peaks that should be included 

– Deducing/Subtracting out a Profile:  Assuming 

one contributor was Person X, then.… 

 

• Any locus that was inconclusive and why 

– Partial profile, locus drop-out 
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ISHI 2011 Mixture Workshop 

October 3, 2011 

Profile 2: Complex Mixtures 

2-Person Indistinguishable Mixture 

Robin W. Cotton 

2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

D3 THO1 D13 D16 D2 

D19 vWA TPOX D18 

AMEL D5 FGA 

D21 D8 D7 CSF1PO 

Profile 2:  Identifiler, 30 rfu, w/stutter filter 

General Assessment 

 Maximum # of alleles at a locus = 4 

 No evidence of degradation in the profile 

 A few peaks are above analytical threshold, but 
below stochastic threshold 

 There are no relatively small (minor) peaks except 
those in stutter positions 

 No indication of a third contributor 
  (consider the points shown in grey above) 
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D3 THO1 D13 D16 D2 

D19 vWA TPOX D18 

AMEL D5 FGA 

D21 D8 D7 CSF1PO 

Profile 2:  Four Allele Loci 

Beginning with the four allele loci and assuming two 
contributors can we estimate the ratio of the two 
contributors? 

13,14 + 15,16 
13,15 + 14,16 
13,16 + 14,15 

Example:  (rfu 13+ rfu 14) ÷ total rfu = proportion of contributor 1 

                         (197 + 304) ÷ 1028 = 0.49 

Possible 
genotype 
combinations 

14,16 + 18,20 
14,18 + 16,20 
14,20 + 16,18 

& 

0.49 
0.46 

or 
0.43 

0.49 
0.48 

or 
0.44 

Proportion of  
contributor  
1 to total rfu 
 

≈ 

D8 D18 

Consider peak height ratio at the 4 allele loci: 

Possible genotype  pairs 

1)  13,14 + 15,16 
 
2)  13,15 + 14,16 
 
3)  13,16 + 14,15 

1)  0.65 & 0.88 
 
2)  0.70 & 0.81 
 
3)  0.80 & 0.92  

Peak height ratios Based on the allowed peak 
height ratio, all three pairs of 
genotypes are possible. 

Cannot restrict the possible 
combinations of genotypes 

D8 
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Consider peak height ratio at the 4 allele loci: 

1)  14,16 + 18,20 
 
2)  14,18 + 16,20 
 
3)  14,20 + 16,18 

possible pairs 

Peak height ratios 

1)  0.72 & 0.84 
 
2)  0.76 & 0.80 
 
3)  0.90 & 0.95 

Based on the allowed peak 
height ratio, all three pairs of 
genotypes are possible. 

Cannot restrict the possible 
combinations of genotypes 

D18 

Combined Probability of Inclusion 

PI = (p + q + r + s)2 

PI = (freq 13 + freq 14 + freq 15 + freq 16) 
PI = (0.305 + 0.166 + 0.114 + 0.031)2  
PI = (0.616)2 

PI = 0.379 

CPI = (0.379)(0.140) = 0.053 
CPE = 1 – CPI  = 0.947 
 

PI = (p + q + r + s)2 

PI = (freq 14 + freq 16 + freq 18 + freq 20) 
PI = (0.137 + 0.139 + 0.076 + 0.022)2  
PI = (0.374)2 

PI = 0.140 

ST = 150 RFU 

D8 D18 

Combined Probability of Inclusion 

PI = 1.0 

CPI = (1.0)(0.140) = 0.140 
CPE = 1 – CPI  = 0.86 
 

PI = (p + q + r + s)2 

PI = (freq 14 + freq 16 + freq 18 + freq 20) 
PI = (0.137 + 0.139 + 0.076 + 0.022)2  
PI = (0.374)2 

PI = 0.140 

ST = 200 RFU 
D8 D18 

ST = 250 RFU 

OR 



Profile 2: Indistinguishable Mixture 

4 http;//www.cstl.nist.gov/biotech/strbase/training.htm 

ISHI 2011 Mixture Workshop 

October 3, 2011 

What do we know so far?  

• If two contributors, the proportion of contributor 
1 ≈ 0.46 and contributor 2 ≈ 0.54 

 

• Using a stochastic threshold of __ for the profile: 

– 150 rfu, there are no peaks below the threshold 

 

– 200 rfu, there are 4 peaks below the threshold 

 

– 250 rfu, there are 10 peaks below the threshold 

D3 THO1 D13 D16 D2 

D19 vWA TPOX D18 

AMEL D5 FGA 

D21 D8 D7 CSF1PO 

Profile 2:  Three Allele Loci 

How will we analyze? 
 

• Assume two contributors at a ratio of ≈ 1:1. 

• List possible contributing genotypes. 

• List possible pairs of contributing genotypes. 

• Calculate the resulting peak height ratios. 

• Use ½ rfu in this calculation when a peak would be 
shared between the two contributing genotypes. 
– (use ½ for ease of calculation today, could use range of 

proportions based on PHR data)   

– For this exercise we are rounding the proportion of 

      0.46 and 0.54 to 0.5 and 0.5 ≈ 1:1. 
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Can we rule out any of these 
combinations by looking at peak height 
ratio and incorporating the estimated 
ratio of contributors using the two 
contributor assumption? 

Possible Genotypes 

a, a 
a, b 
a, c 
b, b 
b, c 
c, c 

 

a, a + b, c 28, 28 + 30, 32.2 
a, b + a, c 28, 30 + 28, 32.2 
 
b, b + a, c 30, 30 + 28, 32.2 
a, b + b, c 28, 30 + 30, 32.2 
 
c, c + a, b 32.2, 32.2 + 28, 30 
a, c + b, c 28, 32.2 + 30, 32.2 

Possible Genotype Combinations 
D21 

a 

b c 

  
  30, 32.2 = 0.78    

  ½(28), 30 =  0.95  &  ½(28), 32.2 = 0.82 
 
  28, 32.2 = 0.61 
  28, ½(30) = 0.47  &  ½(30), 32.2 = 0.39 
 
  28, 30 = 0.47 
  28, ½(32.2) = 0.31  &  30, ½(32.2) = 0.65 
 
 
  
 

Possible Genotype Combinations 

28, 28 + 30, 32.2 • 
28, 30 + 28, 32.2 • 

 
30, 30 + 28, 32.2 • 
28, 30 + 30, 32.2 • 

 
 32.2, 32.2 + 28, 30 • 
28, 32.2 + 30, 32.2 •  

Peak Height Ratios …. 

28, 28 + 30, 32.2  
 

28, 30 + 28, 32.2 
 

30, 30 + 28, 32.2 
 

 
 
 
 

Possible Genotype Combinations 

  a     b      c 

D21 

28, 28 + 30, 32.2  
 

28, 30 + 28, 32.2 
 

  30, 30 + 28, 32.2 ? 

 
 
 
 
 

Possible Genotype Combinations 

28, 28  28, other* 
28,30   
28, 32.2 
30,30  30, other* 
30,32.2 
32.2,32.2  32.2, other* 

*Other = not: 28, 30, or 32.2 

Remembering the assumption of two 
people: 

Included or excluded??? 

Under the assumption of two 
contributors and using the 
 calculated contributor ratio, the  
32.2, 32.2 genotype is excluded. 
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Two allele loci:  

THO1 

TPOX 

Four allele locus, assume two contributors: 

4 alleles are observed: 
Known is heterozygous            deduce 2nd person 

     p       q          r        s 

Known is:  p, q             2nd person is: r, s 
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Four Allele Loci 

Known proportion = 0.57 Known proportion = 0.44 

Deduced 2nd contributor:  
13, 16   

Deduced 2nd contributor: 
14, 20   

Can calculate the proportion of this contributor 

D8 

Known : 14, 15   

D18 

Known : 16, 18   

Three allele loci, assume 2 contributors and 
approximately 1:1 mixture 

a      b c, c 

+ 

  a       b        c 

  a        b        c a     c 

+ 
b     c 

Combination 
 of alleles in sample? 

Observed combination 
 of alleles 

Known : 12, 12 

D5 

Three allele loci: known homozygous 

Easy!! 

Deduced 2nd contributor = 11, 13 
 
Peak height ratio (11, 13) = 0.94 & 
Contributor ratio = 0.45 

Contributor ratio ~ 1:1 
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D 13 

known 2nd PkR (K) PkR(2nd) Proportion K & 2nd 

11, 12 13, 13 0.63 NA 0.72 &0.28 

11, 12 11, 13 0.32 0.51 0.58 & 0.42 

11, 12 12, 13 0.79 0.80 0.50 & 0.50 

Used ½( rfu) as estimate for shared allele rfu in this example.   

Three allele loci: Known heterozygous 

Contributor ratio ~ 1:1 

Obligate allele of 2nd contributor = 13 

13, 13 
11, 13 
 12, 13 

  
 

Second contributor  = 

Known : 11, 12 
 

Two allele loci: 

Second contributor  

= ?   

Known = 7, 7 

 

THO1 

Known = 8, 8 

 

TPOX 

• Need a specified process: 

– Takes into account the mixture 
proportion data from the profile 

– and the range of allowable peak 
height ratio 

• Computer processes are 
needed and available to test 
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Profile 2: Complex Mixtures 

Statistical Issues with 2-Person 

Indistinguishable Mixtures 

Michael D. Coble 

2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

D3 THO1 D13 D16 D2 

D19 vWA TPOX D18 

AMEL D5 FGA 

D21 D8 D7 CSF1PO 

Profile 2:  Identifiler, 30 rfu, w/stutter filter 

D3 THO1 D13 D16 D2 

D19 vWA TPOX D18 

AMEL D5 FGA 

D21 D8 D7 CSF1PO 

Profile 2:  Four Allele Loci 
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Beginning with the four allele loci and assuming two 
contributors can we estimate the ratio of the two 
contributors? 

13,14 + 15,16 
13,15 + 14,16 
13,16 + 14,15 

Example:  (rfu 13+ rfu 14) ÷ total rfu = proportion of contributor 1 

                         (197 + 304) ÷ 1028 = 0.49 

Possible 
genotype 
combinations 

14,16 + 18,20 
14,18 + 16,20 
14,20 + 16,18 

& 

0.49 
0.46 

or 
0.43 

0.49 
0.48 

or 
0.44 

Proportion of  
contributor  
1 to total rfu 
 

≈ 

D8 D18 

Consider peak height ratio at the 4 allele loci: 

Possible genotype  pairs 

1)  13,14 + 15,16 
 
2)  13,15 + 14,16 
 
3)  13,16 + 14,15 

1)  0.65 & 0.88 
 
2)  0.70 & 0.81 
 
3)  0.80 & 0.92  

Peak height ratios Based on the allowed peak 
height ratio, all three pairs of 
genotypes are possible. 

Cannot restrict the possible 
combinations of genotypes 

D8 

Combined Probability of Inclusion 

PI = (p + q + r + s)2 

PI = (freq 13 + freq 14 + freq 15 + freq 16) 
PI = (0.305 + 0.166 + 0.114 + 0.031)2  
PI = (0.616)2 

PI = 0.379 

CPI = (0.379)(0.140) = 0.053 
CPE = 1 – CPI  = 0.947 
 

PI = (p + q + r + s)2 

PI = (freq 14 + freq 16 + freq 18 + freq 20) 
PI = (0.137 + 0.139 + 0.076 + 0.022)2  
PI = (0.374)2 

PI = 0.140 

ST = 150 RFU 

D8 D18 
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Combined Probability of Inclusion 

PI = 1.0 

CPI = (1.0)(0.140) = 0.140 
CPE = 1 – CPI  = 0.86 
 

PI = (p + q + r + s)2 

PI = (freq 14 + freq 16 + freq 18 + freq 20) 
PI = (0.137 + 0.139 + 0.076 + 0.022)2  
PI = (0.374)2 

PI = 0.140 

ST = 200 RFU 
D8 D18 

ST = 250 RFU 

OR 

Likelihood Ratio 

We can use the information from D8! 

ST = 200 RFU 
D8 D18 

ST = 250 RFU 

OR 

Conditioning on the Victim 

D8 

Victim = 14, 15 

Perp = 13, 16 (obligate alleles) 

P(E | H2) 

P(E | H1) 
= 

V + S 

V + U 
= 

1 

2pq 
= 

1 

2f13f16 

= 
1 

2(0.3393)(0.013) 

=  113 
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No Conditioning 

D8 

Suspect = 13, 16  

Unknown = 14, 15 (obligate alleles) 

P(E | H2) 

P(E | H1) 
= 

U + S 

U + U 

A B C D 

[A,B] Suspect = 

[C,D] Unknown = 

for the HP 
 

[A,B  &  C,D] [1  x  2cd] = 

= 2cd 

Suspect & Unk 

[cd] [ab] 

A B C D 

[A,B  +  C,D] [2ab  x  2cd] = 

[A,C  +  B,D] [2ac  x  2bd] = 

[A,D  +  B,C] [2ad  x  2bc] = 

[A,B  +  C,D] [2ab  x  2cd] = 

[A,C  +  B,D] [2ac  x  2bd] = 

[A,D  +  B,C] [2ad  x  2bc] = 

[2ab  x  2cd] = 4abcd 

4abcd x 6 = 24abcd 

for the HD 
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Let’s do that with Permutations!! 

Allelic Vector 
13 
14 
15 
16 

4! 

1!1!1!1! 

4x3x2x1 

1x1x1x1 
= 

24    = 

LR  =   
Pr(E  HD) 

Pr(E  HP) 
=   

Suspect + Unk 

2 Unknowns 

=   
2cd 

24abcd 
=   

12 

1 

12ab 

ab 

[cd] [ab] 

No Conditioning 

D8 

Suspect = 13, 16 

Unknown = 14, 15 (obligate alleles) 

P(E | H2) 

P(E | H1) 
= 

U + S 

U + U 

1 

12f13f16 

= 

= 
1 

12(0.3393)(0.013) 

=  18.9 
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Comparison of the Results (D8) 

Consider FGA… 
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Complex Mixtures 

Charlotte J. Word 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Complex Mixtures 

• Multiple contributors 

–3- & 4- Person (or more!) vs. 2- 

Person Mixtures 

• Determining Number of Contributors  

• Relatives in Mixtures 

• Allele Sharing in Mixtures 

• Major/minor contributors 

Would you interpret? 

How many contributors? 
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Complex Mixtures 

 
Multiple Contributors 

 

Determining the Number of 

Contributors 

How many contributors assumed for interpretation? 

Would you interpret? 

Is there a major contributor? 

Complex Mixture – Allele Summary 

• 6 alleles at 2 loci 

• 5 alleles at 3 loci 

• 4 alleles at 7 loci 

• 3 alleles at 2 loci 

• 2 alleles at 1 locus 

• 1 allele at 0 loci 

• 63 total alleles 
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A B 

4 alleles 
All heterozygotes and non-overlapping alleles 

3 alleles 
Heterozygote + heterozygote, one overlapping allele 

Heterozygote + homozygote, no overlapping alleles 

 

2 alleles 
Heterozygote + heterozygote, two overlapping alleles  

Heterozygote + homozygote, one overlapping allele 

Homozygote + homozygote, no overlapping alleles  

1 allele 
Homozygote + homozygote, overlapping allele  

Observed

profile 

Two Person Mixtures 

14 total combinations 

4 alleles 
Six combinations of heterozygotes, homozygotes 

and overlapping alleles 

3 alleles 
Eight combinations of heterozygotes, homozygotes, 

and overlapping alleles 

2 alleles 
Five combinations of heterozygotes, homozygotes, 

and overlapping alleles 

1 allele 
All homozygotes, overlapping allele  

5 alleles 
Two heterozygotes and one homozygote 

Three heterozygotes, one overlapping alleles 

6 alleles 
All heterozygotes and non-overlapping alleles 

Observed profile 
3-Person Mixtures 

150 total combinations 

Forensic Science International: Genetics 1 (2007) 20–28 
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Buckleton et al. Forensic Science International: Genetics 1 (2007) 20–28 

Two-Person Simulated Mixtures – SGM+ 

Number of Alleles at each Locus 

Three-Person Simulated Mixtures – SGM+ 

Number of Alleles at each Locus 

Buckleton et al. Forensic Science International: Genetics 1 (2007) 20–28 

2, 3, 4-Person Simulated Mixtures – CODIS Loci 

Number of Alleles at each Locus 

Paoletti et al. J Forensic Sci, Nov. 2005, Vol. 50, No. 6 
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Haned et al. J Forensic Sci, January 2011, Vol. 56, No. 1 

2-5-Person Simulated Mixtures – Identifiler 

Number of Alleles vs. Likelihood Estimator 

Number of Contributors –  

Total Number of Alleles 

Perez et al., Croat Med J. 2011; 52:314-26 

2 person 

    ≤49 

3 person 

   52-59 

4 person 

    ≥65 

Estimating the number of contributors to two-, three-, and four-person mixtures 

containing DNA in high template and low template amounts 

Perez et al., Croat Med J. 2011; 52:314-26 

Figure 1. Expected # of different alleles from mixtures.  
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Two Person Mixture Studies 

Summary 

• Always recognized as a mixture – no risk 
of confusing as a single-source 

– Loci with 3 or 4 alleles 

– Peak height ratio imbalance at loci with 2 
alleles 

• Observe more loci with 2 or 3 alleles than 
4 alleles – even when profiles from two 
heterozygous profiles mixed 

• 49 or fewer total alleles 

Buckleton et al. Forensic Science International: Genetics 1 (2007) 20–28; Paoletti et al. J Forensic Sci, Nov. 2005, Vol. 

50, No. 6; Haned et al. J Forensic Sci, January 2011, Vol. 56, No. 1; Perez et al., Croat Med J. 2011; 52:314-26 

Three Person Mixture Studies 

Summary 

• No risk of confusing as a single-source 

• Small risk of confusing with two-person mixture  

– Observe at least one locus with 5 or 6 alleles 

in ~97% of profiles (3% have ≤4 alleles) 

– 3% profiles look like 2-person mixture 

– Risk if LT-DNA, degradation, inhibition, primer 

mutation to look like 2-person mixture 

• Most loci have 3 or 4 alleles 

• 52-59 total alleles 
Buckleton et al. Forensic Science International: Genetics 1 (2007) 20–28; Paoletti et al. J Forensic Sci, Nov. 2005, Vol. 

50, No. 6; Haned et al. J Forensic Sci, January 2011, Vol. 56, No. 1; Perez et al., Croat Med J. 2011; 52:314-26 

Four Person Mixture Studies 

Summary 

• No risk of confusing as a single-source 

• Very small risk of confusing with two-person 
mixture  
– Likely to have peak height imbalance 

• Very small number of loci with 8 alleles and very 
few with 7 alleles 

– High risk of confusing with three-person mixture 

– Risk if LT-DNA, degradation, inhibition,  primer 
mutation 

• ≥65 total alleles 

Buckleton et al. Forensic Science International: Genetics 1 (2007) 20–28; Paoletti et al. J Forensic Sci, Nov. 2005, Vol. 

50, No. 6; Haned et al. J Forensic Sci, January 2011, Vol. 56, No. 1; Perez et al., Croat Med J. 2011; 52:314-26 
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Four Person Mixture Studies 

Summary 

 >70% of 4-person mixtures would 

NOT be recognized as 4-person 

mixtures based on allele count  

Buckleton et al. Forensic Science International: Genetics 1 (2007) 20–28; Paoletti et al. J Forensic Sci, Nov. 2005, Vol. 

50, No. 6; Haned et al. J Forensic Sci, January 2011, Vol. 56, No. 1; Perez et al., Croat Med J. 2011; 52:314-26 

Five, Six Person Mixture Studies 

Summary 

• >99% of 5 person mixtures would look like 

4 person mixtures (~60%) or 3-person 

mixtures (~40%) 

• Most 6 person mixtures would look like 5 

person mixture (6%), 4-person mixtures 

(80%) or 3-person mixtures (14%) 

 Wang, T.W., Kalet, P., Pendleton, J., Gilbert, K., Lucas, L. and Birdwell, J.D. 2005 The 

probable number of contributors to a STR DNA mixture.  

http://www.promega.com/products/pm/genetic-identity/ishi-conference-

proceedings/16th-ishi-poster-abstracts/; Haned et al. J Forensic Sci, January 2011, 

Vol. 56,(1), 23-28 

Complex Mixture – Allele Summary 

• 6 alleles at 2 loci 

• 5 alleles at 3 loci 

• 4 alleles at 7 loci 

• 3 alleles at 2 loci 

• 2 alleles at 1 locus 

• 1 allele at 0 loci 

• 63 total alleles 

A 4-person mixture @ 1:1:1:2 ratio!! 

http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
http://www.promega.com/products/pm/genetic-identity/ishi-conference-proceedings/16th-ishi-poster-abstracts/
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Complex Mixtures 

 
Mixtures with Relatives 

 
Parent-Child 

Sibling-Sibling 

Parent + Child   

A              A 

A B            A  

A B           A B 

A             A B 

A B           B C 

1 allele 
Homozygote + homozygote, one shared allele  

2 alleles 
Heterozygote + heterozygote, two shared 

alleles 

Heterozygote + homozygote, one shared 

allele 

Homozygote + heterozygote, one shared allele 

Mixture DNA Profile Pattern 

Maximum: 3 alleles 
Both heterozygote, one shared allele 

A  B  C 

 A B  

 A B  

 A B  

 A 

ALLELE SHARE AT EACH LOCUS 

A B       A B 

P1  +  P2    

A B       C D 

A B         A 

A           B 

A           A 

AB/BA or AA or BB 

AC or AD or BC or BD 

Genotypes of Children  

AA or BA  

AB  

AA 

AB or AC or BB  or BC 

% Sibling Allele Sharing 

0%, 50% or 100% 

50% or 100% 

100% 

100% 

0%, 50% or 100% 

0%, 50% or 100% 

A B       B C 

A  B        C  

 AC or BC 50% or 100% 

P1 = Parent 1; P2 = Parent 2 
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Presciuttini et al. Forensic Science International 131 

(2003) 85-89 

Allele Sharing in Relatives 

Presciuttini et al. Forensic Science International 131 (2003) 85-89 

Simulated profiles 

with Profiler Plus 
315 mother-child pairs 

91 full-sib pairs 

Ge et al. Comparisons of the familial DNA databases searching policies. 

J. For. Sci. 2011, in press. 

Simulated Profiles with CODIS Loci 
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Mixtures with Relatives – Summary  

Parent-Child  

• Expect at least 50% allele share 

• Expect at least one shared allele at each 

locus 

• Maximum 3 alleles per locus (in absence 

of mutation) 

• If test X loci, expect >X allele shares (9-14 

Profiler Plus; 13-20 CODIS) 

Mixtures with Relatives – Summary 

Sibling-Sibling 

• Expect at least 50% allele share overall, 

but variable: 7-16 Profiler Plus; 12-22 

CODIS (≥X-1) 

• Expect 0, 50 or 100% allele share at each 

locus 

• Expect at least one allele share at 9-13 

loci (CODIS data) 

Are the contributors to this profile related? 
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Mixtures with Relatives –  
Working Backwards from Mixed DNA Profile 

• With mixed DNA profile from unknowns, 

may not know if alleles are shared 

• Data in the graphs are not helpful 

11,12   +   11,13 

           or 

11,11   +   12,13 

Relative? 
Parent-Child? 

Sibs? 

Relative? 
Sibs? 

Unrelated? 

True Known Contributors to 

Previous Profile 

• Share 14 alleles over 15 loci 

– 8 alleles at 9 Profiler Plus loci 

– 13 alleles at 13 CODIS loci 

– 15 alleles at 17 loci (Identifiler + PowerPlex 16 HS) 

• One allele in common at each locus, except D2, 
FGA and Penta E 

• Likely not parent 

• Sibs? Inconclusive from allele #; Ge locus data 
suggests sibs 

• Provided as DNA from non-relatives 

Issues with Complex Mixtures 

• Minimum number of contributors and the 
true number of contributors may be 
underestimated, especially when there 
are three or more contributors to the 
DNA mixture  

– May need to interpret data under several 
assumptions 

• Number of allele shares increases when 
relatives are in the mixture as compared 
to unrelated contributors 
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Issues with Complex Mixtures 

• Peak height ratios and mixture ratios 

may not be helpful 

• Decreased ability to associate alleles and 

determine genotypes for contributors 

• Increased likelihood of falsely including 

a non-contributor 

• Increased likelihood of being 

inconclusive 

Issues with Complex Mixtures 

• High number of allele shares (homozygous, related 

& unrelated) cause high peaks from multiple 

contributors 

– May be falsely interpreted to be from a single 

major DNA contributor 

– Stochastic threshold becomes useless  

– May lead to conclusion all alleles are present 

when, in fact, allelic drop-out is likely 

• May be heterozygous allele (and not 

homozygous) for one or more contributors 

– Increased likelihood of missing or off-scale data 

even when amounts of DNA are similar 
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Low-Level Mixtures  
and Limitation of CPI Statistics 

John M. Butler 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

P
ro

file
 #

3
 

D8S1179 D21S11 D7S820 CSF1PO 

D3S1358 TH01 D13S317 D16S539 D2S1338 

D19S433 vWA TPOX D18S51 

Amelogenin D5S818 FGA 

Identifiler 

125 pg total DNA 

AT = 30 RFU 

ST = 150 RFU 

Stutter filter off 

Impact of Results with 

Low Level DNA Step #1 

Identify the Presence of a 

Mixture 

Consider All Possible 

Genotype Combinations 

Estimate the Relative Ratio of 

Contributors 

Identify the Number of 

Potential Contributors 

Designate Allele Peaks 

Compare Reference Samples 

Step #2 

Step #3 

Step #4 

Step #5 

Step #6 

Clayton et al. (1998) 

ISFG (2006) Rec. #4 

When amplifying low amounts of DNA 

(e.g., 125 pg), allele dropout is a likely 

possibility leading to higher 

uncertainty in the potential number 

of contributors and in the possible 

genotype combinations 
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Case Example #3 Identifiler 

125 pg total DNA 

AT = 30 RFU 

ST = 150 RFU 

Stutter filter off 

TPOX 

D5S818 

y
-a

xi
s
 z

o
o
m

 t
o
 1

0
0
 R

F
U

 

Peaks below stochastic threshold 

5 alleles 

D18S51 

What Can We Say about this Result? 

• Low level DNA (only amplified 125 pg total DNA) 

– likely to exhibit stochastic effects and have allele dropout 

• Mixture of at least 3 contributors 

– Based on detection of 5 alleles at D18S51 

– If at equal amounts, ~40 pg of each contributor (if not equal, then 

less for the minor contributors); we expect allele dropout 

• At least one of the contributors is male 

– Based on presence of Y allele at amelogenin 

• Statistics if using CPI/CPE  

– Would appear that we can only use TPOX and D5S818 results 

with a stochastic threshold of 150 RFU (will explore this further) 

• Due to potential of excessive allele dropout, we are 

unable to perform any meaningful Q-K comparisons 

Uncertainty in the Potential Number of 

Contributors with this Result 

D18S51 

5 alleles observed 

• Several of the peaks are barely 

above the analytical threshold of 

30 RFU 

 In fact, with an analytical threshold 

of  50 RFU or even 35 RFU, there 

would only be three detected 

alleles at D18S51 
 

• Stochastic effects could result in 

a high degree of stutter off of the 

17 allele making alleles 16 and 

18 potential stutter products 
 

• No other loci have >4 alleles 

detected 
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All Detected Alleles Are Above the 

Stochastic Threshold – Or Are They? 

TPOX 

Stochastic 

threshold = 

150 RFU 

Does this result guarantee no allele drop-out? 

We have assumed three 

contributors. If result is from an 

equal contribution of 3 individuals… 

 

Then some alleles from 

individual contributors would be 

below the stochastic threshold 

and we could not assume that all 

alleles are being observed! 

Assuming Three Contributors… 

Some Possible Contributions to This Result 

+ 

+ 

+ 

+ 

1:1:1 3:1:1 

All Loci Are Not Created Equal  
when it comes to mixture interpretation 

• In the case of less polymorphic loci, such as 

TPOX, there are fewer alleles and these occur at 

higher frequency. Thus, there is a greater chance 

of allele sharing (peak height stacking) in mixtures. 

 

• Higher locus heterozygosity is advantageous 

for mixture interpretation – we would expect to 

see more alleles (within and between contributors) 

and thus have a better chance of estimating the 

true number of contributors to the mixture 
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Even if you did attempt to calculate a CPI/CPE 

statistic using loci with all observed alleles above 

the stochastic threshold on this result… 

TPOX Allele Frequencies (NIST Caucasian, Butler et al. 2003) 

8 = 0.53 

11 = 0.24 

CPI = (0.53 + 0.24)2 = 0.59 or 59% 

D5S818 Allele Frequencies (NIST Caucasian, Butler et al. 2003) 

10 = 0.05 

12 = 0.38 

CPI = (0.05 + 0.38)2 = 0.18 or 18% 

Combine loci = 0.59 x 0.18 = 0.11 or 11% 

Approximately 1 in every 9 Caucasians 

could be included in this mixture  
D5S818 

TPOX 

Impact of Amplifying More DNA 

125 pg total DNA 

amplified 

500 pg total DNA 

amplified 

True Contributors 

3 contributors  

with a 2:1:1 mixture 

 

 

15,15 (2x) 

14,15 (1x) 

12,14 (1x) 
 

Allele 12 is 

missing 

D19S433 D19S433 

How should you handle the suspect 

comparison(s) with this case result? 

• No suspect comparisons should be made as 

the mixture result has too much uncertainty 

with stochastic effects that may not account for 

all alleles being detected 

 

• Declare the result “inconclusive” 
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How not to handle this result 

• “To heck with the analytical and stochastic 

thresholds”, I am just going to see if the 

suspect profile(s) can fit into the mixture 

allele pattern observed – and then if an allele 

is not present in the evidentiary sample try to 

explain it with possible allele dropout due to 

stochastic effects 

 

• This is what Bill Thompson calls “painting the 

target around the arrow (matching profile)…” 

Thompson, W.C. (2009) Painting the target around the matching profile: the Texas 

sharpshooter fallacy in forensic DNA interpretation. Law, Probability and Risk 8: 257-276 

Value of Using a Profile Interpretation Worksheet 

Make decisions on the evidentiary sample and document them 

prior to looking at the known(s) for comparison purposes 

What to do with low level DNA mixtures? 

• German Stain Commission “Category C” 
(Schneider et al. 2006, 2009) 

– Cannot perform stats because stochastic effects make 

it uncertain that all alleles are accounted for 

 

• ISFG Recommendations #8 & #9 (Gill et al. 2006) 

– Stochastic effects limit usefulness 

 

• Fundamentals of Forensic DNA Typing (2010) 
 Butler 3rd edition (volume 1), chapter 18 

– Don’t go “outside the box” without supporting validation 
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ISFG Recommendations  

on Mixture Interpretation 

1. The likelihood ratio (LR) is the 
preferred statistical method for 
mixtures over RMNE 
 

2. Scientists should be trained in 
and use LRs 
 

3. Methods to calculate LRs of 
mixtures are cited 
 

4. Follow Clayton et al. (1998) 
guidelines when deducing 
component genotypes 
 

5. Prosecution determines Hp and 
defense determines Hd and 
multiple propositions may be 
evaluated 

6. When minor alleles are the same 
size as stutters of major alleles, 
then they are indistinguishable 
 

7. Allele dropout to explain evidence 
can only be used with low signal 
data  
 

8. No statistical interpretation should 
be performed on alleles below 
threshold 
 

9. Stochastic effects limit usefulness 
of heterozygote balance and 
mixture proportion estimates with 
low level DNA 

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 

http://www.isfg.org/Publication;Gill2006 

A Complexity/Uncertainty Threshold 

New Scientist article (August 2010) 

• How DNA evidence creates victims of chance  

– 18 August 2010 by Linda Geddes  

• From the last paragraph: 

– In really complex cases, analysts need to be able 

to draw a line and say "This is just too complex, I 

can't make the call on it," says Butler. "Part of the 

challenge now, is that every lab has that line set at a 

different place. But the honest thing to do as a 

scientist is to say: I'm not going to try to get 

something that won't be reliable." 

http://www.newscientist.com/article/mg20727743.300-how-dna-evidence-creates-victims-of-chance.html 

Summary 

• Do not blindly use a stochastic threshold with 

complex mixtures as assumptions regarding the 

number of contributors can impact interpretation 

 

• Going back to try and get a better sample from 

the evidence (if available) is wiser than spending 

a lot of time trying to work with a poor quality 

DNA result 

http://www.isfg.org/members/index.html
http://www.newscientist.com/subscribe?promcode=nsartmagboxtop
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Future of Complex, Low-level Mixtures 

• If you want to work in this area, you need supporting 

validation data (collecting a few results at high DNA levels 

and extrapolating to greater complexity and smaller 

amounts of DNA will not be sufficient) 

 

• Recent efforts in Europe are focused on modeling 

uncertainty through probabilistic genotype approaches 

 

• Will require software to perform all of the calculations 

 

•  See articles included in the workshop reference list to learn 

more… 

A Statistical Modeling Approach 

Development of statistical models that account 

for the possibility of allele drop-out 

A Simulation Approach 
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A Logistic Regression Model 

A Logistic Regression Model 

At 20 pg, approximately 

50% of homozygote 

alleles will have 

dropped out 

At 50 pg, approximately 

30% of heterozygote 

alleles will have  

dropped out 

CPE/CPI (RMNE) Limitations 

• A CPE/CPI approach assumes that all alleles are 

present (i.e., cannot handle allele drop-out) 
 

• Thus, statistical analysis of low-level DNA CANNOT be 

correctly performed with a CPE/CPI approach because 

some alleles may be missing 
 

• Charles Brenner in his AAFS 2011 talk addressed this 

issue 
 

• Research is on-going to develop allele drop-out models 

and software to enable appropriate calculations 



Boston University Mixture Training Website ISHI 2011 Mixture Workshop 

October 3, 2011 

1 

Boston University Biomedical Forensic Sciences 

DNA Mixture Analysis Training Tool 

 
DNA Mixture Analysis Training 

Tool-Profiles 

 • Profiles  

– Single source 

– Two person 

– Three person 

– Four person 

• Varying amounts 

– 0.625 to 4ng 

• Ratio of contributors 
varies in both 
directions 

 

• Amplification kits 

– PowerPlex 16 

– Identifiler 

– Yfiler 

– Minifiler 

• Three injection times 
per profile 

DNA Mixture Analysis Training  
Tool-Website 

• Lessons on basic feature 
of DNA profile 

• Lessons topics similar to 
those covered today 

• Profiles in lessons can 
be viewed and 
compared 

• All website profiles  
with corresponding 
ladders and controls 
can be downloaded as 
.fsa files for use in 
training or other 
purposes 
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DNA Mixture Analysis Training  
Tool-Website 

• Scheduled to go live November 30, 2011 

– Website built by BU Information Services and Technology 

– Content Authors: Robin Cotton, Charlotte Word, Margaret 
Terrill and Catherine Grgicak 

– Profiles by Catherine Grgicak 

• Funded by: 

– NIJ Forensic Science Training Development and Delivery 
Program 

– NIJ Grant # 2008-DN-BX-K158, awarded to Biomedical 
Forensic Science Program at Boston University School of 
Medicine 
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Software Solutions? 

Michael D. Coble 

2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Official Disclaimer 

The opinions and assertions contained herein are solely 

those of the author and are not to be construed as official or 

as views of the U.S. Department of Commerce, the U.S. 

Department of Justice, or the National Institute of Justice. 

 

Commercial software, 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 U.S. 

Department of Commerce, the U.S. Department of Justice, or 

the National Institute of Justice nor does it imply that any of 

the software, materials, instruments or equipment identified 

are necessarily the best available for the purpose. 

Deconvolutinator 2.0.5 

(Bruce Heidebrecht, MDSP) 

bheidebrecht@mdsp.org 
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Spreadsheet #2 – Unrestricted LR 
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Software for Mixture Analysis 

Automated Mixture Software 

Advantages 

• Can calculate parameters for mixture 

deconvolution: PHR, mixture ratio, etc… 

• Speed of Analysis 

• Statistical Analyses – RMNE, RMP, LR 

 

Limitations 

• The ultimate decision is up to the DNA analyst. 

• 3+ person mixtures are limited to RMNE (CPE) 

Statistics 

“On the Threshold of a Dilemma” 

• Gill and Buckleton (2010)  

• Although most labs use thresholds of some 

description, this philosophy has always been 

problematic because there is an inherent 

illogicality which we call the falling off the cliff 

effect.  
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“Falling off the Cliff Effect” 

• If T = an arbitrary level (e.g., 150 rfu), an allele of 

149 rfu is subject to a different set of guidelines 

compared with one that is 150 rfu even though 

they differ by just 1 rfu (Fig. 1).  

   Gill and Buckleton JFS 55: 265-268 (2010)  

Gill and Buckleton JFS  

55: 265-268 (2010)  

• “The purpose of the ISFG DNA commission 

document was to provide a way forward to 

demonstrate the use of probabilistic models to 

circumvent the requirement for a threshold 

and to safeguard the legitimate interests of 

defendants.” 

- Quantitative computer interpretation using  

 Markov Chain Monte Carlo testing 

- Models peak uncertainty and infers possible genotypes 

- Results are presented as the Combined LR  
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True Allele Software (Cybergenetics) 

• We purchased the software in September 2010. 

• Three day training at Cybergenetics  (Pittsburgh, 

PA) in October. 

• Software runs on a Linux Server with a Mac 

interface. 

True Allele Casework Workflow 

5 Modules 

Analyze 

.fsa files imported 

Size Standard check 

Allelic Ladder check 

Alleles are called 

Analyze Data 

Server 

True Allele Casework Workflow 

5 Modules 

All Peaks above 10 RFU are considered 

D19S433 
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Analyze Data 

Server 

True Allele Casework Workflow 

5 Modules 

Request 

State Assumptions 

   2, 3, 4 unknowns 

   1 Unk with Victim? 

   Degradation? 

Set Parameters 
   MCMC modeling 

   (e.g.50K) 
Computation 

Analyze Data 

Server 

True Allele Casework Workflow 

5 Modules 

Request 

Computation 

Review 

Review of One Replicate (of 50K) 

3P mixture,  

2 Unknowns, 

 

Conditioned  

on the Victim 

(major) 

 

Good fit of the 

data to the model  

 

150 RFU 

D19S433 
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≈75% major 

≈13% minor “B” 

≈12% minor “A” 

Review of 3 person mixture 

Mixture Weight 

B
in

 C
o
u
n
t 

Width of the spread is 

Related to determining the  

Uncertainty of the mix ratios 

Victim Suspect B 

Suspect A 

G
e

n
o

ty
p

e 
P

ro
b

ab
ili

ty
  

Genotypes 
D19S433 

94.8% 

2.4% 

1.7% 

1.0% 

Analyze Data 

Server 

True Allele Casework Workflow 

5 Modules 

Request 

Computation 

Review 

Report 
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Probability Probability * 
Allele Pair Before Conditioning Genotype Freq 

14, 16.2 0.967 0.01164 

14, 14 0.003 0.00013 

13, 16.2 0.026 0.00034 

13, 14 0.001 0.00009 

Determining the LR for D19S433 

Suspect A = 14, 16.2 HP = 1 * 0.967 

LR    = 
0.967 

Probability Genotype Probability * 
Allele Pair Before Conditioning Frequency Genotype Freq 

14, 16.2 0.967 0.0120 0.01164 

14, 14 0.003 0.0498 0.00013 

13, 16.2 0.026 0.0131 0.00034 

13, 14 0.001 0.1082 0.00009 

Determining the LR for D19S433 

Suspect A = 14, 16.2 HP = 1 * 0.967 

HD LR    = 

0.0122 

0.967 
= 79.26 

sum 0.0122 

Genotype 
Probability 
Distribution 

Weighted 
Likelihood Likelihood Ratio 

allele pair Likelihood Questioned Reference Suspect Numerator Denominator LR log(LR) 

locus x l(x) q(x) r(x) s(x) l(x)*s(x) l(x)*r(x) 

CSF1PO 11, 12 0.686 0.778 0.1448 1 0.68615 0.1292 5.31 0.725 

D13S317 9, 12 1 1 0.0291 1 0.99952 0.02913 34.301 1.535 

D16S539 9, 11 0.985 0.995 0.1238 1 0.98451 0.12188 8.036 0.905 

D18S51 13, 17 0.999 1 0.0154 1 0.99915 0.01543 64.677 1.811 

D19S433 14, 16.2 0.967 0.948 0.012 1 0.96715 0.01222 79.143 1.898 

D21S11 28, 30 0.968 0.98 0.0872 1 0.96809 0.08648 11.194 1.049 

D2S1338 23, 24 0.998 1 0.0179 1 0.99831 0.01787 55.866 1.747 

D3S1358 15, 17 0.988 0.994 0.1224 1 0.98759 0.12084 8.14 0.911 

D5S818 11, 11 0.451 0.394 0.0537 1 0.45103 0.07309 6.17 0.79 

D7S820 11, 12 0.984 0.978 0.0356 1 0.98383 0.03617 27.198 1.435 

D8S1179 13, 14 0.203 0.9 0.1293 1 0.20267 0.02993 6.771 0.831 

FGA 21, 25 0.32 0.356 0.028 1 0.31986 0.01906 16.783 1.225 

TH01 7, 7 0.887 0.985 0.1739 1 0.88661 0.15588 5.687 0.755 

TPOX 8, 8 1 1 0.1375 1 1 0.13746 7.275 0.862 

vWA 15, 20 0.998 0.996 0.0057 1 0.99808 0.00569 174.834 2.243 

Combined LR = 5.6 Quintillion 
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Results 

• Results are expressed as logLR values 

LR = 1,000,000 = 106  

log(LR) = log106  

log(LR) = 6 * log10 

log(LR) = 6 

(1) 

Review of One Replicate (of 50K) 

3P mixture,  

 

3 Unknowns 

 

 

Poor fit of the 

data to the  

model  

 150 RFU 

D19S433 

No Conditioning 

(3 Unknowns) 

G
e

n
o

ty
p

e
 P

ro
b

ab
ili

ty
  

Genotypes 

Major contributor ≈ 75%  
(13, 14) 
Pr = 1 

D19S433 
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No Conditioning (3 Unknowns) 

G
en

o
ty

p
e 

P
ro

b
ab
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ty

  

Uncertainty remains for the two 
minor contributors 

Genotypes 

8.1% 
D19S433 

Suspect “A”  
Genotype  

 

 
39 probable  

genotypes 
 
 

D19S433 

Genotype Prob * 

Allele Pair Probability Frequency GenFreq 

13,14 0.002 0.1082 0.00020 

14.2, 16.2 0.270 0.0044 0.00118 

14, 14 0.002 0.0498 0.00008 

13, 14.2 0.017 0.0392 0.00068 

14, 16.2 0.013 0.0120 0.00016 

13, 16.2 0.018 0.0131 0.00023 

etc… etc… etc… etc… 

     Sum 0.00385 

HP = 1 * 0.013 

HD 

LR    = 

0.00385 

0.013 
= 3.38 

Suspect A = 14, 16.2 

D19S433 
No Conditioning (3 Unknowns) 
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No Conditioning Conditioned on Victim 

Suspect A log(LR) = 8.03 

Suspect B log(LR) = 7.84 

Suspect A log(LR) = 18.72 

Suspect B log(LR) = 19.45 

Profile - Combined  log(LR) Profile - Combined  log(LR) 

D19S433 

 

LR = 3.38 

D19S433 

 

LR = 79.26 

Exploring the Capabilities 

• Degree of Allele Sharing 

 

• Mixture Ratios 

 

• DNA Quantity 

Mixture Data Set 

• Mixtures of pristine male and female DNA 

amplified at a total concentration of 1.0 ng/ L 

using Identifiler (standard conditions). 

• Mixture ratios ranged from 90:10, 80:20, 70:30 

60:40, 50:50, 40:60, 30:70, 20:80, and 10:90 

• Each sample was amplified twice. 
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Mixture Data Set 

• Three different combinations: 

 

“Low” Sharing “Medium” Sharing “High” Sharing 

4 alleles – 10 loci 

3 alleles –   5 loci  

2 alleles –   0 loci 

1 allele   –   0 loci 

4 alleles –   3 loci 

3 alleles –   8 loci 

2 alleles –   4 loci 

1 allele   –   0 loci 

4 alleles –   0 loci 

3 alleles –   6 loci 

2 alleles –   8 loci 

1 allele   –   1 loci 

Virtual MixtureMaker - http://www.cstl.nist.gov/strbase/software.htm 

5
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Exploring the Capabilities 

• Degree of Allele Sharing 

 

• Mixture Ratios 

 

• DNA Quantity 
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Identifiler 

125 pg total DNA 

AT = 30 RFU 

ST = 150 RFU 

Stutter filter off 

TPOX 

D5S818 

y-axis  

zoom to  

100 RFU 

Peaks below stochastic threshold 

5 alleles 

D18S51 

“True Genotypes” 

A = 13, 16 

B = 11, 13 

C = 14, 15 

3 person Mixture – No Conditioning 

Major Contributor ≈ 83 pg input DNA 

2 Minor Contributors ≈ 21 pg input DNA 

“True Genotypes” 

A = 13,16 

B = 11,13 

C = 14,15 

A = 13,16 

B = 11,13 

C = 12,14 
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Contributor B (green) 

(16%) 

Contributor A 

(66%) 

Contributor C (blue) 

(18%) 

Genotype Probabilities 

A = 13,16 

B = 11,13 

C = 14,15 

Results for Contributor A (male) 

Probability Genotype Hp Hd

Locus Allele Pair Likelihood Frequency Suspect Numerator Denominator LR

CSF1PO 10, 11 0.572 0.1292 0.07395

11, 12 0.306 0.2133 1 0.30563 0.0652

10, 12 0.12 0.1547 0.01861

0.30563 0.15791 1.935

D13S317 11, 11 1 0.1149 1 1 0.11488 8.704

D8S1179 13, 16 0.998 0.0199 1 0.99786 0.0199 49.668

The match rarity between the evidence 

and suspect is 1.21 quintillion 
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Results for Contributor B (female) 

The match rarity between the evidence 

and suspect is 1.43 million 

9.197 etc… 

Results for Contributor C (male) 

The match rarity between the evidence 

and suspect is 9.16 thousand 

Probability Genotype Hp Hd

Locus Allele Pair Likelihood Frequency Suspect Numerator Denominator LR

D8S1179 11, 13 0.056 0.0498 0.00279

13, 14 0.007 0.0996 0.00066

12, 14 0.011 0.0606 0.00068

11, 14 0.021 0.0271 0.00056

12, 13 0.006 0.1115 0.00066

14, 14 0.005 0.0271 0.00013

etc… etc… etc… etc…

14, 15 0.001 0.0379 1 0.00056 0.00002

12, 15 0.001 0.0424 0.00003

etc… etc… etc… etc…

10, 15 0 0.0227 0.00001

0.00056 0.00665 0.084

Contributor B (gray) 

(16%) 
Contributor A 

(66%) 

Contributor C (blue) 

(18%) 

Conditioned on the Victim 
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The Power of Conditioning 

Victim Suspect A 

C = 14,15 

The Power of Conditioning 

Ranged from 1.13 to 800K 

LR (no conditioning, 3unk)

Contributor A 1.21 Quintillion

Contributor B (victim) 1.43 Million

Contributor C 9.16 Thousand

LR (conditioned on victim + 2unk)

Contributor A 1.32 Quintillion

Contributor B (victim) 2.19 Million

Contributor C 59.8 Thousand

Summary 

• True Allele utilizes probabilistic genotyping and 

makes better use of the data than the RMNE 

approach. 

 

• However, the software is computer intensive. On 

our 4 processor system, it can take 12-16 hours 

to run up to four mixture samples. 
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Summary 

• Allele Sharing: Stacking of alleles due to 

sharing creates more uncertainty. 

 

• Mixture Ratio: With “distance” between the two 

contributors, there is greater certainty. 

Generally, True Allele performs better than 

RMNE and the classic LR with low level 

contributors. 

 

Summary 

• DNA Quantity: Generally, with high DNA signal, 

replicates runs on True Allele are very 

reproducible. 

• However, with low DNA signal, higher levels of 

uncertainty are observed (as expected).  

• There is a need to determine an appropriate 

threshold for an inclusion log(LR). 

 

Future Work  

• More work will be performed with low level, 

complex (3 and 4 person) mixtures.  
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Literature Review:  
Value of Emerging Information 

John M. Butler 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Read to Maintain a Big Picture View! 

If you are not following the recent literature, you 

would have missed: 

 

– Software applications & implementation 

– Impact of allele dropout on stats 

– Studies on number of contributors 

 

• The literature is changing very fast 

– Read more than Journal of Forensic Sciences to stay caught up 

• Make time in your schedule to read and ask critical 

questions 

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. FSI 
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.  

Several articles have been included in the workshop handouts 

http://forensicconnect.files.wordpress.com/2011/08/promega1.jpg
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Would you include, exclude, or call inconclusive 

the profile shown above the mixture? 

14,17 

D3S1358 D16S539 

9,13 

AMEL 

X,Y 

TH01 

7,8 

TPOX 

9,9 

CSF1PO 

11,11 

D7S820 

9,10 

14,17 

D3S1358 

22,24 

FGA 

17,18 

vWA 

X,Y 

AMEL 

14,15 

D8S1179 

28,28 

D21S11 

13,18 

D18S51 

12,13 

D5S818 

10,14 

D13S317 

9,10 

D7S820 

Profiler Plus data 

COfiler data 

Recent Article on “Problems” with Mixture Interpretation 

• DNA mixture from an adjudicated criminal case – 

and a “suspect 3” profile -- were provided to 17 DNA 

analysts without contextual case information 
 

• Results with Suspect 3: 1 “cannot be excluded”, 

4 “inconclusive”, and 12 “excluded” 
 

• Not consistent between analysts – authors suggests 

subjectivity in mixture interpretation 

• Not consistent with original result – authors suggest 

bias due to availability of case context with original 

analysts 

Dror & Hampikian (2011) Subjectivity and bias in forensic DNA mixture interpretation. Sci. Justice, (in press) 

Mixture Suspect 3 

17,18 

vWA 

10,14 

D13S317 

Available on-line since Sept. 1, 2011 

Know the Literature 

• Sometimes articles may not be all that they 

claim to be – evaluate them critically 

 

• Stay informed in order to be a good scientist 

 

• Using Scientific Analysis involves knowing the 

literature (past and present) 
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Validation and SOPs:   
Re-evaluating new kits, 

instruments and methods 

Catherine M. Grgicak 

ISHI 2011 Mixture Interpretation Workshop:  

Using Scientific Analysis 

Validation 

- Validation is necessary to characterize and 
help predict and/or understand future 
events 

 - Baseline noise - Analytical thresholds 

 - Frequencies of DO - Stochastic 
thresholds and/or probabilities of DO 

 - Stutter – stutter filters (if appropriate) 

 - PHRs – compositional information 
related to the mixture (i.e. major/minor) 

Q:  Do you have to do this for every kit, 
instrument, method?  

• “Relevance of prior studies: 

√ Demonstration that a comparable precision to that 

obtained previously can be achieved 

√ Demonstration that use of bias results obtained 

previously is justified 

√ Continued performance within statistical control as 

shown by regular QC sample results 

• When the conditions above are met and the method is 

operated within its scope and field of application, it is 

normally acceptable to apply the data from prior studies 

directly to uncertainty estimates” 

    Eurachem/CITAC Guide CG 4 “Quantifying Uncertainty in Analytical 

Measurement” 2nd ed. 

Can you apply parameters derived 

from prior studies? 



Validation  and SOPs ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 2 

Different Kits – Do you need to re-evaluate 

all filters and thresholds for each kit? 
CSF1PO

y = 1473x + 27.086

y = 658.84x + 3.9479
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Within one instrument  

Single thresholds for all dye 

channels assumes all dye 

channels have the same 

amount of noise 

Dye-specific thresholds take into consideration that all dye channels do not have 

the same level of noise 

120 RFU 

120 RFU 

55 RFU 

120 RFU 
Can cause data to fall below 

the analytical threshold and 

not be called 

Can increase the amount of data that is callable 

Courtesy of: Erica L.R. Butts National Institute of Standards and Technology, Innsbruck, Austria, September 5th, 2011 

Within one instrument – over time 
Thresholds – Analytical and Stochastic -  are signal 

thresholds determined during validation 

Therefore, after major instrumentation changes (i.e. 

laser alignment or CCD replacement), a change 

in sensitivity (i.e. signal to input) may result in 

different ST or ATs. 

  Within Instrument Types  

(i.e. 5 different 3130‟s) 
Instrument – to – Instrument variability/sensitivities  

Results in different ATs and STs for different 

instruments 

  

Between Instrument Types  

(i.e. 3130 v. 3500) 
31xx Platforms 3500 Platforms 

Laser 
Argon ion (AR+) with 488/514 

nm wavelength 

Single-line 505 nm, solid-

state, long-life laser  

Power 

Requirement 
220V 110V 

File Generated .fsa files .hid files 

Normalization None 
Instrument-to-instrument; 

only with AB kits 

Optimal Signal 

Intensity 
1500-3000 RFU 

4x greater than 31xx 

platforms 

Courtesy of: Erica L.R. Butts National Institute of Standards and Technology, Innsbruck, Austria, September 5th, 2011 



Validation  and SOPs ISHI 2011 Mixture Workshop 

October 3, 2011 

http;//www.cstl.nist.gov/biotech/strbase/training.htm 4 

Injection Parameters 

• Injection voltage/time: 
– 1.2 kV for 15 sec 

– 1.2 kV for 10 sec 

– 1.2 kV for 7 sec 

– 1.2 kV for 5 sec 

– 1.2 kV for 3 sec 

Standard injection parameters set 

based on samples with: 
1. No pull-up present 

2. No drop out present 

n=15: Identifiler Plus 

~33,000 RFU 

~22,000 RFU 

~16,000 RFU 

~13,000 RFU 

~2,600 RFU 

15 sec 

10 sec 

7 sec 

5 sec 

3 sec 

35,000 RFU 

Identifiler Plus 

Courtesy of: Erica L.R. Butts National Institute of Standards and Technology, Innsbruck, Austria, September 5th, 2011 

Conclusion 
• Stutter ratios, PH ratios, sensitivities, amp noise, LOD‟s 

change between methods 

• Because „thresholds‟ are in the „signal space‟ each 

analysis parameter (i.e. AT, ST, etc) must be determined 

for each METHOD in the lab 

– Kit -Chemistries, injection time, post-pcr 

enhancements, instrument-type 

• Choose an optimized method (i.e. 10 s injection, no post-

PCR clean-up, choose your amp target, etc) as a default 

method.   

• If enhanced methods are introduced new analysis 

parameters specific to that method are recommended. 

 

• How far do you go?   

    “What about allele size variation that could impact ATs and/or STs?.  

If you measure the same allele a few hundred times across the 

detection lanes of an array (spatial location in the CCD) or even the 

lifespan of the array itself, this has noticeable variations.” 

 

• “The precision should be estimated as far as possible over an 

extended time period, and chosen to allow natural variation of all 

factors affecting the result. This can be obtained from 

– The standard deviation of results for a typical sample analyzed 

several times over a period of time, using different analysts and 

equipment where possible (the results of measurements on QC 

check samples can provide this information). 

– The standard deviation obtained from replicate analyses 

performed on each of several samples.  NOTE: Replicates 

should be performed at materially different times to obtain 

estimates of intermediate precision; within-batch replication 

provides estimates of repeatability only.” 

    Eurachem/CITAC Guide CG 4 “Quantifying Uncertainty in Analytical Measurement” 2nd ed. 
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