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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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Common Perceptions of Validation
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Lots of 
experiments
are required

Significant time is required to perform studies 

The goal is not to 
experience every 
possible scenario 
during validation…

“You cannot mimic 
casework because every 

case is different.”

Effort

Time



Validation Studies 

• Information from validation studies should be 
used to set laboratory-specific

• Minimum Peak Heights (detection thresholds)
• Stutter %
• Peak Height Ratios
• Relative balance across loci

• These values are all dependent on amount of 
input DNA

• If low-level DNA is amplified, stutter % may be higher 
and peak height ratios may be lower
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Setting Thresholds

• Analytical (detection) threshold
− Dependent on instrument sensitivity
~50 RFU 
− Impacted by instrument baseline noise

• Stochastic (drop-out) threshold
− Dependent on biological sensitivity
~150-200 RFU 
− Impacted by assay and injection parameters

Validation studies should be performed in each laboratory

what is a peak?

what is reliable 
PCR data?
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1.1. Analytical threshold

• The Laboratory should establish an analytical 
threshold based on signal-to-noise analyses of 
internally derived empirical data.  
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Peak detection threshold

Noise (N)

Signal (S)
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What is your AT? Question at the 
Promega meeting 10/2010 (n=113)

Slide Courtesy of Robin Cotton

DNA Mixture Interpretation 7Validation Studies for Mixture Interpretation



1.1. Analytical threshold
• 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.
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2 x Np-p
(baseline in a blank)

> 2 Np-p

Np-p



Sample Source – Negatives? Positives?
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(Pull-up)

15 RFUs

37 RFUs



Analytical Thresholds can be 
determined for each dye channel

250-295
region



New Instruments, New Thresholds…
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50 RFUs
ABI 3500

1.2 kV, 15 sec (Default)

ABI 3130
3.0 kV, 10 sec (Default) 16 RFUs



How to set an analytical threshold (AT)?
Some Examples…

SWGDAM: Two times the intensity difference between the highest 
peak and lowest trough (as an example). 

“The Ballpark”: Three times the highest peak.
Gilder et al. (2007): Determined LOD by examining Pos, Neg, RB 

from 150 cases.
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Gilder et al. (2007)
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LOD = 29 RFUs

Figure 2

10:1 mixture



Gilder et al. (2007)
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How to set an analytical threshold (AT)?
Some Examples…

SWGDAM: Two times the intensity difference between the highest 
peak and lowest trough (as an example). 

“The Ballpark”: Three times the highest peak.
Gilder et al. (2007): Determined LOD by examining Pos, Neg, RB 

from 150 cases.
Catherine Grgicak (Boston U.) presentation at the 2010 ISHI 

(Promega) mixture workshop. 
(http://www.cstl.nist.gov/biotech/strbase/mixture.htm)
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Multiple methods for determining AT
• 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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Negative Controls
(at least 20)

Courtesy of Catherine Grgicak

DNA Dilution Series



Multiple methods for determining AT
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Negative Controls
(at least 20)

Courtesy of Catherine Grgicak

blblM ksYAT +=1

n
stY AT bl

α,νblM −+= 12

)Y(Y ATM minmax3 2 −=

yM Sb AT 34 += y,αnM Stb AT 15 −+=

(http://www.cstl.nist.gov/biotech/strbase/mixture.htm)



Multiple methods for determining AT
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Method Origin
Analytical Threshold 
for green 5s injection 

example

1 Negatives 7

2 Negatives 4

3 Negatives 20

4 DNA Series 31

5 DNA Series 39

Courtesy of Catherine Grgicak



What about peaks below AT?

• The Analytical Threshold is the “floor” of the 
EPG. Apparent peaks below the AT are not to be 
trusted!
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AT
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I see allelic peaks.
They’re everywhere.

They don't know they're peaks.

“The Sixth Peak”



Setting the Stochastic Threshold
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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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Hypothetical Examples
Gill et al. (2008) FSI Genetics 2(1): 76–82
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Gill et al. (2009) FSI-G 3: 104-111
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Gill et al. (2009) FSI-G 3: 104-111
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3.2. Application of Peak Height 
Thresholds to Allelic Peaks
• It is noted that a stochastic threshold may be 

established by assessing peak height ratios 
across multiple loci in dilution series of DNA 
amplified in replicate. The RFU value above 
which it is reasonable to assume that, at a given 
locus, allelic dropout of a sister allele has not 
occurred constitutes a stochastic threshold. 
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3.2. Application of Peak Height 
Thresholds to Allelic Peaks
• 3.2.1. The laboratory establishes a stochastic 

threshold based on empirical data derived within 
the laboratory and specific to the quantitation 
and amplification systems (e.g., kits) and the 
detection instrumentation used.  
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Setting Stochastic Thresholds
(some examples)
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Mass. State Police Approach-Identifiler 
(Courtesy of Joanne Sgueglia)

• Titration sets of at least two sources (have used 5 
sources for some validations).

• Target DNA using two fold dilution series from 5 
ng, 2.5 ng, 1.25 ng …….39 pg.

• Establish AT prior to ST and use as a guide to 
have ST satisfy two criteria:
− 1. Three fold the AT
− 2. Obtain a partial profile at 150pg.  This ensures no 

data is interpreted with statistical weight in the 
stochastic or low copy number region (gray zone).
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Using “Real World” Data
(Courtesy of Dr. Robin Cotton)

• Examine sexual assault casework data from 
known heterozygous loci using:
− two person mixtures
− one component is consistent with a known victim
− loci with 4 alleles 
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Evidence

Victim

RFU



Setting Stochastic Thresholds (NIST)

• Multiple samples, replicates, and concentrations 
are ideal to get a feel for how the system is 
working
− We used 3 fully heterozygous samples with 10 

replicates at 2 ng, 1 ng, 800 pg, 500 pg, 400 pg, 300 pg, 
200 pg, 100 pg, 30 pg, & 10 pg
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Sample Selection
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Description CSF1PO D3S1358 D5S818 D7S820 D8S1179 D13S317 D16S539 D18S51 D21S11 FGA TH01 TPOX vWA Penta D Penta E D2 D19

Genomic 
8 10, 12 15, 18 12, 13 9, 10 12,14 9, 13 9, 11 15,18 30,31 24, 28 7, 8 8,12 15,17 8, 9 5,10 22,22 12.2,15

9947A 10, 12 14, 15 11, 11 10, 11 13,13 11, 11 11, 12 15,19 30,30 23, 24 8, 9.3 8,8 17,18 12,12 12,13 19,23 14,15

9947A – 5/13 loci are homozygous



Setting Stochastic Thresholds (NIST)

• Multiple samples, replicates, and concentrations 
are ideal to get a feel for how the system is 
working
− We used 3 fully heterozygous samples with 10 

replicates at 2 ng, 1 ng, 800 pg, 500 pg, 400 pg, 300 pg, 
200 pg, 100 pg, 30 pg, & 10 pg

• Stochastic thresholds are not perfect or “cut and 
dry”
− Can vary between loci and dye channels
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Setting Stochastic Thresholds

PT84411

D
8
S
1
1
7
9

D
2
1
S
1
1

D
7
S
8
2
0

C
S
F
1
P
O

D
3
S
1
3
5
8

T
H
0
1

D
1
3
S
3
1
7

D
1
6
S
5
3
9

D
2
S
1
3
3
8

D
1
9
S
4
3
3

v
W
A

T
P
O
X

D
1
8
S
5
1

A
M
E
L

D
5
S
8
1
8

F
G
A

0.01 ng

0.03 ng

0.1 ng

Identifiler, 28 cycles

3130xl, 10 sec @ 3kV inj

Slide courtesy of Becky Hill (NIST)
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Setting Stochastic Thresholds
Identifiler, 28 cycles

3130xl, 10 sec @ 3kV inj

Slide courtesy of Becky Hill (NIST)

57 274
114 119 242 142

149 122 185
152

0.03 ng 92 52 76 166 76 75 88 95
89 140 73 133

61 71 51 84 91 74
82

156
51 95 114

Highest peak height of “false homozygote” = 274 RFU
Allelic drop-out is prevalent at 30 – 50 pg DNA
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Setting Stochastic Thresholds

• Stochastic threshold – point at 
which data is considered reliable

• “Level of risk”:  the higher you go, 
the less risk you have of calling a 
false homozygote - but you start to 
lose more data for statistics

Drop-out

200 RFU

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

Slide courtesy of Becky Hill (NIST)
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New Instruments, New Thresholds…
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Identifiler Plus   1.0ng input DNA
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26214 RFUs

1000 RFU 
scale



New Instruments, New Thresholds…
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Identifiler Plus   0.03ng input DNA
19,23

31.2,32.2
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Identifiler Plus, 28 cycles
3500, 15 sec @ 1.2 kV inj
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Identifiler Plus, 28 cycles
3500, 15 sec @ 1.2 kV inj

Highest peak height of 
“false homozygote” = 753 RFU

ST = 800 RFU



“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.”
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50 RFUs

150 RFUs

Analytical Threshold

Stochastic Threshold

Noise

Peak real, but 
not used for 

CPE

Peak real, can 
be used for CPE

Peak not 
considered 

reliable

Example values 
(empirically determined 
based on own internal 
validation)

(Reporting/Noise/
Limit-of-Detection/PAT)

(Dropout/Interpretation/LOQ/
Reporting/MIT)

Different Thresholds
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Stutter Thresholds
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Review of the Literature

Many labs just use a flat 15%
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Allele-Specific Stutter %

Identifiler User Manual



Developing Stutter Filter Values

• Samples – Ideally at least 5 observations of each 
stutter product per locus from relevant 
populations (e.g. longer repeats in FGA alleles 
are observed mostly among African Americans).

• Use typical DNA input quantities (0.5 – 2.0ng), 
but may want to assess stutter at lower levels 
(e.g. <150pg). Excessive DNA (5-10ng) can skew 
your average percentages.
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Repeat Length

%
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r Tetra

Penta

Tetra w/ LTDNA

3 SD

2 SD

Stutter Trends
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D3S1358 – TCTA[TCTG]N[TCTA]N
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Allele Size, bp
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TH01 - [AATG]N
%

 S
tu

tte
r

Allele Size, bp

[AATG]6ATG[AATG]3

[AATG]6

[AATG]7

[AATG]8

[AATG]9

9.3
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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.  
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ISFG Recommendation #6 Example

Likely a AA

Possibly AB

(homozygote)

(heterozygote)

Could also be AC, AD, 
AA, or A,? (dropout)
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Stutter effects

• In case of doubt a suspicious peak in the position 
of a stutter band has to be considered as a true 
allele and part of the DNA profile, and should be 
included into the biostatistical interpretation.

Slide from Peter Schneider 
(presented at EDNAP meeting in Krakow in April 2007)

DNA Mixture Interpretation 56Validation Studies for Mixture Interpretation



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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Peak Height Thresholds
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3. Interpretation of DNA Typing Results

• 3.2. Application of Peak Height Thresholds to 
Allelic Peaks

• Amplification of low-level DNA samples may be 
subject to stochastic effects, where two alleles at 
a heterozygous locus exhibit considerably 
different peak heights (i.e., peak height ratio 
generally <60%) or an allele fails to amplify to a 
detectable level (i.e., allelic dropout).
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Peak Height Ratio Variation

Peak heights will vary from sample-to-sample, 
even for the same DNA sample amplified in 
parallel

DNA Mixture Interpretation 60Validation Studies for Mixture Interpretation



Causes of Peak Height Imbalance
Single Source Samples

• LT DNA and stochastic effects
• Elevated Stutter – artifact, not true allele
• Unequal sampling of true alleles – the two 

alleles are not sampled and amplified equally

0.25 ng
64%
stutter

12,13
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How to calculate Peak Height Ratios?

From Validation Studies
• Sensitivity Series at different amounts of DNA 
• Non-probative single-source samples with good 

quality profiles amplified with different amounts 
of DNA (or at least with different peak height 
ranges)

• Perform for each kit validated as PHRs may vary 
for the same locus amplified with different kits
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Courtesy of Charlotte Word 
(http://www.cstl.nist.gov/biotech/strbase/mixture.htm)



How to calculate Peak Height Ratios?

From Casework and Training samples
• Known standards and single-source samples with 

good quality profiles amplified with different 
amounts of DNA (or at least with different peak 
height ranges)

• Database samples (as long as same procedures 
being used for casework)

Courtesy of Charlotte Word 
(http://www.cstl.nist.gov/biotech/strbase/mixture.htm)
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How to calculate Peak Height Ratios?

• Use a sufficient number and variety of samples
to get representative data from each locus, 
especially for loci with a wide range of alleles 
and HMW markers (e.g., FGA, D18).

Courtesy of Charlotte Word 
(http://www.cstl.nist.gov/biotech/strbase/mixture.htm)
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Peak Height Ratio Data  (Dave Duewer) 
PowerPlex 16
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Peak Height Ratio
Observations

1. Range of PHRs is observed within a locus
• Minimum vs. Maximum %
• Mean and Median
• Alleles further apart tend to have lower PHR

2. Ranges of PHRs vary across loci
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Peak Height Ratio Data 
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PHR Requirements

SWGDAM Interpretation Guideline 3.3.1

The laboratory should establish PHR 
requirements based on empirical data for 
interpretation of DNA typing results from single-
source samples.  Different PHR expectations can 
be applied to individual loci (e.g., 70% for 
D3S1358, 65% for vWA, etc.); alternatively, a 
single PHR expectation can be applied to 
multiple loci (e.g., 60%).
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Slide courtesy of Todd Bille (ATF)
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An example using the MEPHR
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2 person mixture

2:1 ratio

150 ST



An example using the MEPHR
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Is it reasonable to 
believe all alleles 
are represented ?

16,17 and 16, --

16,17 and 17, --



An example using the MEPHR
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~250 RFUs of the 17 
allele can be 
attributed to the 
16,17 genotype

(2:1 ratio)
250/396 = 63%

16,17 and 17, --

250

126



Slide courtesy of Todd Bille (ATF)
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An example using the MEPHR
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396 and 250 RFU 
fall within MEPHR 
for the16,17.

The remaining 126 
RFU for the 17,-- is 
below the ST. 

16,17 and 17, --

250

126



Peak Height Ratio Expectations 

SWGDAM Interpretation Guideline 3.3.1.1

It is noted that different PHR expectations at 
different peak height ranges may be established.
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Peak Height Ratio Data
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Peak Height Ratio

SWGDAM Interpretation Guideline 3.3.2

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

• Validation studies are necessary to establish 
thresholds for mixture interpretation. 

• In addition to testing only single source samples, 
mixtures should also be a part of the validation 
study. 
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Questions?

DNA Mixture Interpretation Validation Studies for Mixture Interpretation 79



Acknowledgements

• Becky Hill, Erica Butts, Peter Vallone, Dave
Duewer and John Butler (NIST)

• Catherine Grgicak and Robin Cotton (Boston Univ)
• Charlotte Word (Charlotte Word Consulting)
• Todd Bille (ATF)
• Bruce Heidebrecht (Maryland State Police)
• Joanne Sgueglia (Mass. State Police)

DNA Mixture Interpretation Validation Studies for Mixture Interpretation 80



Contact Information

Michael D. Coble, PhD
NIST - Applied Genetics Group

100 Bureau Drive MS 8314
Gaithersburg, MD 20899-8314

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