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Method:   GeneMapper ID-XTM Re-Analysis of MiniFiler Data (from 3500 genetic 
Analyzers) 

Date:  06/01/2006    Revision Date:   10/10/2017  Approved by: SAM  
            _____ 
 
INTRODUCTION: 
 
GeneMapperTM ID-X software is an automated genotyping software package that will genotype samples based 
on allelic bin definitions stored within the Panel Manager.  The AmpFlSTR panels and bins are pre-installed in 
the Panel Manger within the software.  Custom SDPD Analysis Methods have also been created in the 
GeneMapper Manager for use in re-analyzing raw data files for MiniFiler amplifications.  An analysis method 
defines the analysis parameters to be used for the analysis of samples imported into the Project Window.  When 
the GeneMapperTM ID software is installed on any computer, the Panel, Bin Set and Analysis Method have to be 
defined prior to the analysis of raw data files.  See also the procedure for importing panels and bins. 
 
MATERIALS: 
 
Applied Biosystems GeneMapperTM ID Software  
 
PROCEDURE: 
 
IMPORTANT: STRmixTM analysis requires the use of different analysis methods to analyze evidence and 
reference samples.  To have multiple analysis methods within one project, each requires at least one ladder 
associated with it.  To accomplish this, the .hid files of the ladders can be duplicated within the run folder 
and imported into GeneMapper ID-X if two ladders were not run with the original data. 
 
1. Open the GeneMapperTM ID-X software by clicking on the icon located on the computer’s desktop and 

log-in.  Type in or select your user ID from the drop-down menu as the User Name.  The password is 
case sensitive.  Upon successful log-in the Project Window will open.  The project window is the 
primary window for the user interface. 

  
2. To add samples to the Project Window.  Select Edit>Add Samples to Project or click the  icon. 

For samples run on the 3130:  
• Navigate to Forensic Biology on FB server H:\3130-310 Run Folders to locate the desired run 

folder. 
• Select the desired run folder and click Add To List.  The selected folder will appear in the 

Samples To Add box on the right. Note:  Multiple run folders can be added to the same project.  
Click Add to import the files into the project and close the dialog box. 

 
3. For each sample within the Project Window select the appropriate Sample Type, Analysis 

Method, Panel, Size Standard (see below).  Unknowns should be designated Sample, Allelic 
Ladders should be designated Allelic Ladder, the positive PCR control should be designated as Positive 
Control, and any reagent blanks, amplification blanks, or formamide blanks should be designated as 
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Negative Controls. 

Kit Analysis Method Panel Size Standard 
MiniFiler MF_reference MiniFiler_reference 2017 GS600_LIZ_(80-400) 
MiniFiler STRmix_MF_evidence MiniFiler_evidence 2017 GS600_LIZ_(80-400) 

 
Note:  These MiniFiler panels are newly created panels and should only be used when reanalysis of the 
original data is to be re-done. In general, analysis parameters will not change with the exception of the 
analysis range which will be dependent on the electrophoresis of each run. 
 
4. Click ► (Analyze), and the Save project dialog box opens.  Save the project with a uniquely identifying 

name [e.g. initials(Case #)].  After analysis, the project is automatically saved, and the Genotypes Tab 
becomes available.  Analyzing the data sizes and genotypes the samples in the project.  There must be at 
least one ladder in each run folder analyzed for the analysis to be successful. 

  
5. Accurate application of the size standard to the samples can be verified in a variety of ways.  One 

method uses the Process Component Quality Values (PQVs) Sizing Quality flag as an efficient 
method of verifying the sizing of individual samples.  In the Samples tab of the Project Window the 
sizing quality of each sample is displayed as a symbol (■ = Pass, ▲= Check sizing for problems, or ● = 
Low Quality, sizing failed).   

 
6. The individual sample files can be reviewed and printed for the analytical record.  If needed, labels can 

be edited within the samples.  To edit labels, select the peak to be edited, right-click and select the 
applicable option of changing the artifact or allele label.  An Edit Allele Comment dialog box will open 
and a reason for the change can be input.  Sample plots with edited labels should be printed for the 
analytical record with the edit displayed in the plot. Labels may be changed but must not be deleted. 

 

7. PQVs can be used to assess the quality of a variety of aspects of each sample. For a full list of the PQVs 
please use the GeneMapperTM ID-X help function within the software. 

 

8. When the analysis of the GeneMapperID project is completed the project file should be exported to the 
appropriate folder on the Forensic Biology network.  To export the project: highlight the project in the 
Projects tab in GeneMapper Manager and click the Export button.  Browse for the appropriate 
folder on the network (Forensic Biology on FB server (H:)>GeneMapper ID 
Projects>Analysts folder) and save the exported project using the Project name.  Use of analysts 
initials at the start of the file name will be useful in locating projects as the number of files increases and 
is highly recommended [e.g. initials(XX-XXXXXX;etc)]. 

 
9. The original project should be deleted from the GeneMapperID database once the project is exported.  

To delete the original project:  highlight the project in the Projects tab in GeneMapper Manager 
and click the Delete button.  Prior to deleting the project it is recommended to check that the file was 
exported to the appropriate folder. 
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10. To view exported GeneMapperID projects.  Open GeneMapper Manager and from the Projects 
tab click Import.  Browse to Forensic Biology on FB server (H:) > GeneMapper ID Projects 
and select the desired project.  Click OK.  The project will have been imported to the GeneMapperID 
database and can be opened as usual.  When the imported project is no longer needed it should be 
deleted from the database (see step 9). 

 
REFERENCES: 
AmpFlSTR MinifilerTM PCR Amplification Kit User’s Manual 
GeneMapperTM ID Software version 3.1 User Manual. 
GeneMapperTM ID Software Tutorial. 
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Method:    AmpFlSTR Profiler Plus Re-interpretation Thresholds  

Date:   10/10/2017           Approved by: SAM  
            _____ 
 

• Peak detection thresholds of 50rfu or 75rfu were used for analysis of AmpFlSTR Profiler Plus.  
Peaks below the analytical threshold are not reported, but can be used qualitatively to determine 
the possible presence of a mixture. 

• Homozygous allele peaks are often approximately twice the height of heterozygous allele peaks as a 
direct result of allele dosage. 

• At heterozygous loci, the ratio of the height of the shorter peak to the height of the higher peak is 
generally above 60% (see Figure below), however, peak height ratios tend towards larger 
imbalances as the height of the tallest peak decreases toward the stochastic threshold. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• n-1 repeat stutter peaks will be filtered by the software when they are below the percent cutoff 
value for a locus.  The stutter cutoff values used by the software are presented below:   

 
 
  

Marker Stutter Cut-off Value 
D3S1358 12.36% 

vWA 12.36% 
FGA 12.36% 

D8S1179 13.64% 
D21S11 14.95% 
D18S51 19.05% 
D5S818 11.11% 

D13S317 11.11% 
D7S820 9.89% 

y = 10.943ln(x) - 5.4742
R² = 0.7244
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• n+1 repeat stutter was not observed in this kit due to the different reaction mix formulation than those 
of more advanced kits.  
 

• New stutter expectation charts have been created for assistance in reinterpreting ProFiler Plus data.  
The new stutter files are located on the Forensic Biology network in the following location: 

 
H:\QA-QC files\Validations\Profiler Plus and Cofiler Reinterpretation Data 

  
• Validation efforts have established the stochastic thresholds (or homozygote peak height threshold) 

above which both alleles of a heterozygote pair will most likely be detected.  When evaluating an 
evidence profile, the following table details the stochastic thresholds to be used when evaluating data 
obtained using the Profiler Plus PCR amplification kit. 
 

Analytical Threshold Stochastic Threshold 
50 RFU 150 RFU 
75 RFU 235 RFU 

 
 
Probability of Identity using the Applied Biosystems Profiler Plus kit. 
 
The Probability of Identity (PI) [Sensabaugh 1982] is the probability that two individuals selected at random 
will have an identical Profiler Plus kit genotype.  For the Profiler Plus kit the PI are as follows: 
    

1 in 96 trillion in the U.S. Caucasian population, 
   1 in 68 trillion in the African American population, 
 
The PI expresses the average 9 locus DNA profile frequencies using the Applied Biosystems Profiler Plus 
kit.  This data was taken from the Identifiler user’s manual page 13-9. 
 
REFERENCES: 
SDPD Profiler Plus Validation studies 
AmpFlSTR® ProfilerTM Plus User’s Manual 
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Method:    AmpFlSTR COfiler Re-interpretation Thresholds  

Date:   10/10/2017           Approved by: SAM  
            _____ 
 

• Peak detection thresholds of 50rfu or 75rfu were used for analysis of AmpFlSTR COfiler.  Peaks 
below the analytical threshold are not reported, but can be used qualitatively to determine the 
possible presence of a mixture. 

• Homozygous allele peaks are often approximately twice the height of heterozygous allele peaks as a 
direct result of allele dosage. 

• At heterozygous loci, the ratio of the height of the shorter peak to the height of the higher peak is 
generally above 60% (see Figure below), however, peak height ratios tend towards larger 
imbalances as the height of the tallest peak decreases toward the stochastic threshold. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• n-1 repeat stutter peaks will be filtered by the software when they are below the percent cutoff 
value for a locus.  The stutter cutoff values used by the software are presented below:   

 
 
  

Marker Stutter Cut-off Value 
D3S1358 12.36% 
D16S539 14.95% 

TH01 6.38% 
TPOX 6.38% 

CSF1PO 9.89% 
D7S820 9.89% 

y = 10.907ln(x) - 3.9907
R² = 0.6803
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• n+1 repeat stutter was not observed in this kit due to the different reaction mix formulation than those 
of more advanced kits.  
 

• New stutter expectation charts have been created for assistance in reinterpreting COfiler data.  The 
new stutter files are located on the Forensic Biology network in the following location: 

 
H:\QA-QC files\Validations\Profiler Plus and Cofiler Reinterpretation Data 

  
• Validation efforts have established the stochastic thresholds (or homozygote peak height threshold) 

above which both alleles of a heterozygote pair will most likely be detected.  When evaluating an 
evidence profile, the following table details the stochastic thresholds to be used when evaluating data 
obtained using the COfiler PCR amplification kit. 
 

Analytical Threshold Stochastic Threshold 
50 RFU 150 RFU 
75 RFU 175 RFU 

 
 
Probability of Identity using the Applied Biosystems Profiler Plus kit. 
 
The Probability of Identity (PI) [Sensabaugh 1982] is the probability that two individuals selected at random 
will have an identical Profiler Plus kit genotype.  For the Profiler Plus kit the PI are as follows: 
    

1 in 480 thousand in the U.S. Caucasian population, 
   1 in 3.2 million in the African American population, 
 
The PI expresses the average 6 locus DNA profile frequencies using the Applied Biosystems COfiler kit.  
This data was taken from the COfiler user’s manual page 4-7. 
 
REFERENCES: 
SDPD COfiler Validation studies 
AmpFlSTR® COfilerTM User’s Manual 
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Method:    AmpFlSTR Identifiler Re-interpretation Thresholds  

Date:   10/10/2017           Approved by: SAM  
            _____ 
 

• Peak detection thresholds of 50rfu or 75rfu were used for analysis of AmpFlSTR Identifiler.  Peaks 
below the analytical threshold are not reported, but can be used qualitatively to determine the 
possible presence of a mixture. 

• Homozygous allele peaks are often approximately twice the height of heterozygous allele peaks as a 
direct result of allele dosage. 

• At heterozygous loci, the ratio of the height of the shorter peak to the height of the higher peak is 
generally above 60% (see Figure below), however, peak height ratios tend towards larger 
imbalances as the height of the tallest peak decreases toward the stochastic threshold. 
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• n-1 repeat stutter peaks was filtered by the software when they were below the percent cutoff value for 
a locus.  The stutter cutoff values used by the software are presented below:   

 
 

 
 
 
 
 
 
 
 
 
 
 
 

• n+1 repeat stutter was not observed in this kit due to the different reaction mix formulation than those 
of more advanced kits.  
 

• New stutter expectation charts have been created for assistance in reinterpreting Identifiler data.  The 
new stutter files are located on the Forensic Biology network in the following location: 

H:\QA-QC files\Validations\Identifiler validation\Identifiler\ Identifiler Kit Stutter Graphs 2017 
  

• Validation efforts have established the stochastic thresholds (or homozygote peak height threshold) 
above which both alleles of a heterozygote pair will most likely be detected.  When evaluating an 
evidence profile, the following table details the stochastic thresholds to be used when evaluating data 
obtained using the Identifiler PCR amplification kit. 
 

Analytical Threshold Stochastic Threshold 
50 RFU 200 RFU 
75 RFU 250 RFU 

 
 
Probability of Identity using the Applied Biosystems Identifiler kit. 
 
The Probability of Identity (PI) [Sensabaugh 1982] is the probability that two individuals selected at random 
will have an identical Identifiler kit genotype.  For the Identifiler kit the PI are as follows: 
    

1 in 200 quadrillion in the U.S. Caucasian population, 
   1 in 760 quadrillion in the African American population, 
   1 in 130 quadrillion in the Hispanic population. 
 

Marker Kazam Stutter Filter GMID Stutter Filter 
D8S1179 8.93% 8.2% 
D21S11 10.37% 9.4% 
D7S820 8.93% 8.2% 
CSF1PO 10.13% 9.2% 
D3S1358 11.98% 10.7% 

TH01 5.37% 5.1% 
D13S317 8.70% 8.0% 
D16S539 11.60% 10.4% 
D2S1338 12.48% 11.1% 
D19S433 15.34% 13.3% 

vWA 14.41% 12.6% 
TPOX 5.04% 4.8% 

D18S51 20.49% 17% 
D5S818 7.29% 6.8% 

FGA 17.24% 14.7% 

Arch
ive

d V
ers

ion

file://SDPDFB-SERVER2/Forensic_Biology/QA-QC%20files/Validations/Identifiler%20validation/Identifiler/Identifiler%20Kit%20Stutter%20Graphs%202017.xls


Unit Legacy Kit Interpretation Guidelines Manual 

Forensic Biology 

 

Implemented: 10/16/2017 Issuing Authority: F. Healy, Quality Assurance Manager Page 11 of 47 
Printed documents are not controlled 

 

The PI expresses the average 15 locus DNA profile frequencies using the Applied Biosystems Identifiler kit.  
This data was taken from the Identifiler user’s manual page 4-55. 
 
REFERENCES: 
SDPD Identifiler Validation studies 
AmpFlSTR® IdentifilerTM User’s Manual  
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Method:    AmpFlSTR Identifiler Plus Interpretation Thresholds  

Date:   04/01/2011           Approved by: SAM  
            _____ 
 

• A peak detection threshold of 50rfu will be used for analysis of AmpFlSTR Identifiler Plus data.  
Peaks below 50rfu are not reported, but can be used qualitatively to determine the possible 
presence of a mixture. 

• Homozygous allele peaks are often approximately twice the height of heterozygous allele peaks as a 
direct result of allele dosage. 

• At heterozygous loci, the ratio of the height of the shorter peak to the height of the higher peak is 
generally above 60% (see Table below), however, peak height ratios tend towards larger 
imbalances as the height of the tallest peak decreases toward the stochastic threshold. 

 
Max. 
PH 

Min. 
Ratio 

Avg. 
Ratio 

Std. 
Dev. 

0-100 33.33 71.94 16.81 
100-200 22.16 66.97 18.92 
200-300 21.29 68.89 20.64 
300-400 21.50 73.93 20.11 
400-500 49.21 83.61 12.41 
500-600 52.88 87.15 10.83 
600-700 57.72 88.25 8.25 
700-800 62.91 89.35 8.52 
800-900 48.30 86.52 9.12 

900-1000 66.73 86.91 8.04 
1000+ 63.32 88.10 7.40 

 
• n-4bp stutter peaks will be filtered by the software when they are below the percent cutoff value 

for a locus.  The stutter cutoff values used by the software are presented below:   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Marker Stutter Cut-off Value 
D8S1179 10.32% 
D21S11 10.67% 
D7S820 9.69% 
CSF1PO 9.2% 
D3S1358 12.27% 

TH01 4.08% 
D13S317 9.93% 
D16S539 10.39% 
D2S1338 12.44% 
D19S433 11.21% 

vWA 12.45% 
TPOX 6.38% 

D18S51 13.68% 
D5S818 10.06% 

FGA 13.03% 
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• N+4 Stutter does occur more frequently than in past AB kits due to the different reaction mix formulation.  On 
average, n+4 stutter products are less than 2% of the parent peak, however n+4 stutter peaks as high as 3% have 
been observed at several loci. 
  

• Validation efforts have established the stochastic thresholds (or homozygote peak height threshold) 
above which both alleles of a heterozygote pair will most likely be detected.  When evaluating an 
evidence profile, care should be taken when interpreting DNA peaks less than the designated rfu values 
as allelic drop-out may have occurred. 
 
 
 

 
 
 
Probability of Identity using the Applied Biosystems Identifiler Plus kit. 
 
The Probability of Identity (PI) [Sensabaugh 1982] is the probability that two individuals selected at random 
will have an identical Identifiler kit genotype.  For the Identifiler kit the PI are as follows: 
    

1 in 200 quadrillion in the U.S. Caucasian population, 
   1 in 760 quadrillion in the African American population, 
   1 in 130 quadrillion in the Hispanic population. 
 
The PI expresses the average 15 locus DNA profile frequencies using the Applied Biosystems Identifiler kit.  
This data was taken from the Identifiler user’s manual page 4-55. 
 
REFERENCES: 
SDPD Identifiler Validation studies 
AmpFlSTR® IdentifilerTM Plus User’s Manual 
  

≤5 second injection 200rfu 
7 second injection 280rfu 

10 second injection 400rfu 
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Method:   AmpFlSTR MiniFiler Interpretation Thresholds  

Date:   07/25/2007   Revision Date: 10/10/2017  Approved by: SAM  
            _____ 
 

• Analytical Threshold (Prior to October 2015 for data collected on a 3130 Genetic Analyzer): a 
peak detection threshold of 75rfu was used for analysis of MiniFiler data. Peaks below 75rfu were 
not reported but could be used qualitatively to determine the possible presence of a mixture or to 
determine the number of contributors. 

• Analytical Threshold (Between October 2015 and September 28, 2017 for data collected on a 3500 
Genetic Analyzer): a peak detection threshold of 100rfu was used for analysis of MiniFiler data. 
Peaks below 100rfu could be used qualitatively to determine the possible presence of a mixture or 
to determine the number of contributors. 

• Homozygous allele peaks are approximately twice the height of heterozygous allele peaks as a direct 
result of allele dosage. 

• Peak Height Ratios: At heterozygous loci, the ratio of the height of the lower rfu peak to the height 
of the higher rfu peak is generally above 50% (see Figure below where stutter ratios are presented 
in log format to also show the relationship between molecular weight), however, peak height ratios 
tend towards larger imbalances as the height of the peaks decreases toward the analytical threshold. 
Red lines are 95% boundaries. 
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• Stutter Threshold: n-1 repeat stutter peaks will be filtered by the GMID-X software for reference 
samples when they are below the percent cutoff value for a locus. For data analyzed prior to 
October 2015, the following were the stutter thresholds employed in GMID-X: 

 
 
 
 
 
 
 
 
 
 
 
 
For samples analyzed between October 2015 and September 28, 2017, evidence samples were be 
analyzed in GMID-X without filtering n-1 repeat stutter, however; n+1 repeat stutter still required 
editing.  For any re-interpretations of MiniFiler data obtained from the 3500, re-analysis with updated 
stutter filters is possible (see the GeneMapper ID-XTM Re-Analysis of MiniFiler Data (from 3500 
genetic Analyzers) procedure in this manual). Re-analysis with the new panels will filter n+1 stutter. 
With the following thresholds: 
 
 
 
 
 
 
 
 
 
 
 
 
For any reinterpretation of MiniFiler data, updated and more detailed stutter information can be 
obtained by consulting the stutter data tables created in conjunction with the supplemental stutter 
validation conducted in 2017. The electronic files are located in the following location on the network: 
 

H:\QA-QC files\Validations\3500 MiniFiler YFiler\Minifiler\Supp Stutter 2017 
 
Please see the autosomal interpretation guidelines for more information regarding stutter. 

 
• Stochastic Threshold (prior to October 2015 for data collected on a 3130 Genetic Analyzer): Validation 

indicated that both alleles of a heterozygote pair will be detected when one of the alleles reaches at least 
450rfu (>99% of the time, however allelic drop-out was observed when the larger peak was 

Marker n-1 Stutter Threshold 
D13S317 14.0% 
D7S820 11.0% 
D2S1338 18.0% 
D21S11 16.0% 
D16S539 15.0% 
D18S51 18.0% 
CSF1PO 14.0% 

FGA 15.0% 

Marker n+1 Stutter Threshold 
D13S317 5.2% 
D7S820 n/a 
D2S1338 4.9% 
D21S11 5.7% 
D16S539 2.9% 
D18S51 6.4% 
CSF1PO 6.5% 

FGA 4.9% 
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approximately 680rfu).  When evaluating an apparent single source evidence profile, care should be 
taken when interpreting a single DNA peak below 450rfu as allelic drop-out may have occurred. 
 

• Stochastic Threshold (between October 2015 and September 28, 2017 for data collected on a 3500 
Genetic Analyzer): Validation data have been used by STRmixTM to establish a probability of drop-out 
for alleles of various peak heights. This probability of drop-out is used in lieu of a traditional stochastic 
threshold (or homozygote peak height threshold).  Analysts should be aware of what a theoretical 
stochastic threshold may be when evaluating MiniFiler DNA profiles.  As such, the following graphical 
representation (histogram) is an approximation of the STRmixTM probability of drop-out graph. 

   

Probability of Identity using the Applied Biosystems MiniFiler kit. 
 
The Probability of Identity (PI) [Sensabaugh 1982] is the probability that two individuals selected at random 
will have an identical Identifiler kit genotype.  For the Identifiler kit the PI are as follows: 
    

1 in 12 billion in the U.S. Caucasian population, 
   1 in 15 billion in the African American population, 
   1 in 4.8 billion in the Hispanic population. 
 
The PI expresses the average 8 locus DNA profile frequencies using the Applied Biosystems MiniFiler kit.  
This data was taken from the Identifiler user’s manual page 5-46. 
 
REFERENCES: 
SDPD MiniFiler Validation studies 
AmpFlSTR® MinifilerTM User’s Manual 
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Method: AmpFlSTR® Identifiler Direct® Interpretation Thresholds  

Date:  04/01/2012         Approved by:  SAM  
            _____ 
 

• A peak detection threshold of 50rfu will be used for analysis of AmpFlSTR® Identifiler Direct® 
data.  Peaks below 50rfu are not reported. 

• Homozygous allele peaks are often approximately twice the height of heterozygous allele peaks as a 
direct result of allele dosage. 

• At heterozygous loci, the ratio of the height of the shorter peak to the height of the higher peak is 
generally above 70% (see Peak Height validation study), however, peak height ratios tend towards 
larger imbalances as the height of the tallest peak decreases toward the stochastic threshold. 

• A global filter of 20.00% will be applied to data as opposed to marker specific stutter percentages.  
• Validation efforts have established the stochastic thresholds (or homozygote peak height threshold) 

above which both alleles of a heterozygote pair will most likely be detected. 
 
 
 

 
 
 
Probability of Identity using the Applied Biosystems Identifiler Direct® kit. 
 
The Probability of Identity (PI) [Sensabaugh 1982] is the probability that two individuals selected at random 
will have an identical Identifiler Direct® kit genotype.  For the Identifiler Kit® kit the PI are as follows: 
 
   1 in 200 quadrillion in the U.S. Caucasian population, 
   1 in 760 quadrillion in the African American population, 
   1 in 130 quadrillion in the Hispanic population. 
 
The PI expresses the average 15 locus DNA profile frequencies using the Applied Biosystems Identifiler 
Direct® kit.  This data was taken from the Identifiler Direct® user’s manual page 105. 
 
REFERENCES: 
SDPD Identifiler Direct Validation studies 
AmpFlSTR® Identifiler Direct® User’s Manual 
  

≤5 second injection 150rfu 
7 second injection 210rfu 

10 second injection 300rfu 
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METHOD:  STRmix™ Re-analysis Settings for MiniFiler Data from the 3500 Genetic 
Analyzers 

Date:    10/ 10/ 2017            Approv ed by :  S AM  
            _____ 

 
For any samples amplified with the MiniFiler amplification kit where data was obtained from 
electrophoresis on the 3500 Genetic Analyzer, re-analysis in STRmix is possible. 
 
The following are STRmix settings and parameters should be used in the STRmix analysis: 
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The following are the settings for the NIST population databases for the MiniFiler kit: 
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METHOD:  Autosomal STR Interpretation Guidelines (Binary Interpretation) 

Date:   06/01/2004     Revision Date:   10/10/2017  Approved by: SAM  
            _____ 
 
The following guidelines are meant to be used for legacy kits for which probabilistic 
genotyping parameters have not been established such as the Profiler Plus, COfiler, 
Identifiler, Identifiler Plus, and MiniFiler amplification kits (specifically MiniFiler data 
collected on the 3130 Genetic Analyzers).  
 
Introduction 
 
The Scientific Working Group on DNA Analysis Methods (SWGDAM) states that: 

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

 
Here we present a number of general interpretation guidelines for interpreting samples in forensic DNA 
casework.  The rationale behind these guidelines is to establish a set of standards to ensure that conclusions 
are supported by reliable data, derived using a scientific approach, and that interpretation of results is as 
objective as possible and is consistent from one analyst to another. 
 
The interpretation of DNA results should take into account the DNA results obtained, the nature of the 
sample, the condition of the profile, any forensically valid assumptions made, and should be scientifically 
justifiable and based on the collected experience and knowledge of the laboratory and the scientific 
community. These guidelines are designed to provide a general foundation for interpretation.   
 
Please refer to the complete Autosomal STR Interpretation Guidelines document if more information is 
desired on any section within this summary document. See Appendix A for a glossary of terms. 
 
DNA interpretation should take place in the following order: 
  

Preliminary Evaluation of Data and Allele Designation (section 1) 
Interpretation of DNA Typing Results (section 2) 
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Comparison of DNA Typing Results (section 3) 
Statistical Analysis of DNA Typing Results (section 4) 
Reporting of DNA Typing Results and Conclusions (section 5) 

 
Section 1 – Preliminary Evaluation of Data and Allele Designation 
 
1.1 Detection of peaks 

 
The detection of peaks in the data is performed by the GeneMapper ID-X software (profiler Plus, 
COfiler, and some Identifiler data may have had peak detection and analysis performed in GeneScan 
and GenoTyper software packages).  The analytical thresholds (peak detection thresholds) for the 
autosomal STR kits are listed within documents specific to each individual kit. 
 

1.2 Evaluation of internal standards 
 

The internal size standard should be evaluated to ensure that for each sample it has produced the 
expected pattern of peaks.  These peaks should generally be between 1000 and 2000rfu for a 5 
second injection (310 and 3130 data) and not show signs of poor resolution.  If a sample has issues in 
the size standard that prevent proper sizing, or has signs of poor resolution that affect sizing or 
genotyping, the sample will not be interpreted. 

 
1.3 In general, internal size standards that use “Local Southern” sizing should contain at least two size 

standard peaks above and below the size of the smallest and largest peaks within the sample. For 
Minifiler analysis, the use of 3rd order least squares sizing method requires only a single size standard 
peaks above and below the size of the smallest and largest peaks within the sample. 
 

1.4 Evaluation of allelic ladders 
 

All allelic ladders used in genotyping samples must be evaluated for proper genotyping. The 
GeneMapper ID-X software compares the ladder injections in the run with the expected sizes.  
Analysis of at least one of the injected allelic ladder must produce the known allele peaks associated 
with the ladder in order for the software to type the other samples of the run.  If a ladder injection 
passes the evaluation by the GeneMapper ID-X software, the ladder can be relied upon without 
further manual evaluation or reinjection.   

 
1.5 Designation of alleles   
 

Allele assignments are made by comparing the base pair size of the peaks in the amplified samples 
with the base pair size of the alleles within the allelic ladder(s).  Allele assignments are performed 
automatically by the GenoTyper or GeneMapper ID-X software. Analysts may on occasion need to 
manually edit “off-ladder” peaks to designate them as true alleles, or to redesignate peaks originally 
called as alleles by the software as artifacts. 

 

Arch
ive

d V
ers

ion



Unit Legacy Kit Interpretation Guidelines Manual 

Forensic Biology 

 

Implemented: 10/16/2017 Issuing Authority: F. Healy, Quality Assurance Manager Page 22 of 47 
Printed documents are not controlled 

 

1.5.1 Occasionally an allele will be detected that is outside the ladder range for a given locus.  
Alleles that fall above or below the ladder alleles (even those in virtual bins) will be 
designated as greater than (>) or less than (<) the respective ladder allele. 
 
Occasionally an allele will fall outside the ladder range between two loci.  An analyst 
should consider the size of the apparent allele and the expected zygosity in an attempt to 
determine to which locus the allele belongs.  A list of variant alleles is maintained by NIST on 
the STRBase website (www.cstl.nist.gov/strbase/var_tab.htm).  This list can be consulted 
to assist in assist in determining to which locus the allele belongs.  The allele will then be 
renamed with the appropriate (>) or (<) allele designation for the appropriate locus.  
Supporting documentation should be included in the administrative documents for the case.   
 

1.5.2 Off ladder alleles that occur within the ladder ranges (i.e. microvariants that contain an 
incomplete repeat motif) should be designated by the number of complete repeats and, 
separated by a decimal point, the number of base pairs in the incomplete repeat (e.g. D21S11 
29.1 allele).  Microvariants will be confirmed through a re-injection of the sample as a 
means of demonstrating the reproducibility of the retention time and sizing of the peak.  If a 
microvariant is observed in multiple samples from the same case, re-injection for 
confirmation purposes is unnecessary.  Tri-allelic patterns should have been confirmed 
through reamplification. If re-amplification is not possible, the locus containing the suspected 
tri-allelic pattern will be declared inconclusive. 

 
1.6 Designation of artifacts 
 

Some data contained within the electropherograms may not represent actual alleles that originate in 
the sample.  Non-allelic peaks such as stutter, non-template dependent nucleotide addition (minus-
A), nonspecific amplification products, spikes, raised baseline, pull-up, or disassociated primer dyes 
should be identified prior to the comparisons of reference samples to the data.  Generally, non-
allelic data such as stutter, non-template dependent nucleotide addition, disassociated dye, and 
incomplete spectral separation are reproducible; spikes and raised baseline are generally non-
reproducible.   

 
1.6.1 Off –scale data is often the result of over-amplification and can cause several other 

interpretational difficulties, such as: “minus-A” products, increased stutter, and pull-up (see 
below).  If off-scale data is present in a sample, the sample may be re-injected with a 
decreased injection time, reamplified using less input DNA, or the amplified product may be 
diluted for reinjection.  
 

1.6.2 Pull-up results from poor spectral separation and is characterized by signal from a peak in 
one fluorescent dye color producing a smaller, artifactual peak in another, often adjacent, 
dye color. Amplification of less sample, injection of a sample for less time, dilution of 
amplified product, or running the samples after creating a new spectral for the instrument 
can reduce pull-up peaks.   
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1.6.3 Minus-A (-A) is a form of PCR product that does not possess an extra nucleotide at the 3’ 
end.  Over-amplification can result in prominent “minus-A” products.  Re-amplifying using 
less input DNA will likely reduce minus-A peaks.  Incubating amplified products at 60°C for 
an additional time period may also reduce minus A.  
 

1.6.4 Stutter peaks are minor peaks appearing one repeat unit smaller (e.g. n-4 in tetranucleotide 
loci) or larger (n+4 in tetranucleotide loci) than a primary STR allele.  If a called peak is 
suspected to be stutter, the validation study should be consulted to determine the expected 
stutter percentage for that allele.  If the observed percentage is within the expected stutter 
percentage range for that allele, but above the filter threshold, an analyst may determine the 
peak to be stutter.  If a filtered allele falls outside 3 standard deviations from the mean for a 
peak, the analyst should interpret that filtered peak as an actual allele for interpretation 
purposes. For alleles that are at the larger base pair range of a locus, if the suspected stutter 
peak is above the stutter filter, but within three standard deviations of the mean for that allele 
based on the validation an analyst may determine the peak to be stutter. Additional factors 
such as spectral overlap or the presence of a potential stutter peak between two true alleles 
may enhance stutter peaks above the expected values.  In reference samples, unfiltered 
stutter peaks that are less than three standard deviations from the mean observed for an allele 
during the validation study can be interpreted as stutter peaks, provided that there are no 
additional indications that the sample is a mixture.  An examination of the baseline may 
provide additional indication that the reference sample is single source.  For rarer alleles that 
do not have enough data to establish a mean or meaningful standard deviation, the value of 
the putative stutter peak must be shown to be below the extrapolated trendline for three 
standard deviations to be considered as stutter.  Care should be taken in assessing these 
instances as tri-allelelic patterns, although rare, are known to occur.  
 

1.6.5 Spikes are artifacts of electrophoresis, which may resemble DNA peaks.  Often spikes will be 
narrower than true DNA peaks and will be filtered by the GeneMapper ID-X software.  
Multi-color spikes can be identified by the presence of peaks occurring in several colors at the 
same data point location.  Single-color spikes can be identified by the presence of a sharp 
peak occurring in a single color in the raw data, with no spectral overlap into the other 
colors.  Since spikes are generally random, reinjection of a sample should eliminate a 
questioned spike. 

 
1.7 Evaluation of analytical controls 
 

Controls must be assessed prior to interpretation of any associated samples. If the analytical controls 
are properly designated, the GeneMapper ID-X software will flag controls that fail to meet 
expectations.  Controls that have passed GeneMapper ID-X verification can be relied upon without 
further evaluation. 

 
1.7.1 The reagent blank is a check for possible contamination of the sample preparation reagents by 

extraneous DNA.  If DNA types are detected in the reagent blank this is an indication of a 
possible contamination event or that extraneous DNA was introduced into the sample from 
some unintended source.  Based on an evaluation of the DNA types in the reagent blank, the 
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results of associated samples may be deemed inconclusive.  The analyst and the DNA Technical 
Manager will confer on an appropriate action based on the particular circumstance. 

 
Samples extracted in a batch where the reagent blank shows DNA types greater than the 
interpretation threshold may need to be re-extracted.  Not all contamination events will 
necessitate reanalysis and will be judged on a case-by-case basis.   

 
1.7.2 The negative amplification control (Amplification Blank, NAC, or No DNA Control)  is a 

check for possible contamination of samples during the amplification process.  The appearance 
of DNA types in this control indicates that problems similar to those described for the reagent 
blank may have occurred during the amplification.   

 
The interpretation of detectable DNA in the amplification blank should take into account the 
results obtained from any samples and reagent blanks amplified in the same batch.  A batch 
where both the amplification blank and the reagent blank give the same typing result, or where 
only the amplification blank gives a result, may be caused by a problem limited to the 
amplification process.  In this case, re-amplification of the samples may resolve the problem.  A 
batch that shows a typing result for the reagent blank, but not for the amplification blank is 
more likely to be caused by an extraction-related problem.   

 
If the reagent blank and amplification blank give different typing results, both the extraction 
and amplification processes are potentially suspect and should be repeated.   

 
1.7.3 The positive amplification control (PAC) is a check for effectiveness of the amplification and 

the Short Tandem Repeat (STR) analytical processes.  This control should always show 
interpretable results consistent with the known genotype published in the DNA kit literature.  
No other interpretable peaks should be present.  Peaks that are determined to be artifacts 
(elevated stutter, pull-up, etc) are not considered interpretable peaks.   
 
Results from samples associated with a positive amplification control for which these criteria are NOT 
met must be jointly evaluated by the DNA analyst and the DNA Technical Manager (or his/her 
designee).  On a case-by-case basis, the DNA Technical Manager will evaluate the results obtained and 
determine the appropriate interpretation, taking the observed control results into account.  If the 
observed control results bring the reliability of a sample result into question (as determined by the DNA 
Technical Manager), the sample result will not be interpreted or reported.  The evaluation of the 
control results and the DNA Technical Manager’s approval (or his/her designee’s) of the process must 
be documented in the analyst’s case notes and, in an Unexpected Results Summary (see FB policy 
manual section 1.6).  If the results from samples associated with the failed positive control are deemed 
usable, the failure of the positive control must be included in the final report. 

If the cause of the positive amplification control cannot be determined, samples associated with the 
failed positive amplification control should be reamplified.  Samples associated with the failed positive 
control that were consumed for the original amplification would require re-examination (re-extraction) 
of the original evidence.  If no evidence remains then the samples will be reported as inconclusive.   
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If the cause of the positive amplification control cannot be determined, the only time the 
results from samples associated with a failed positive amplification control that were consumed 
for the original amplification will be reported is when they form the basis of an exclusion.  In 
this instance, troubleshooting of the problem must lead to the determination that the 
amplification for that sample is reliable and full disclosure of the unexpected result (failed 
positive amplification control) as well as the exclusion will be documented in the final report.   

 
1.8 Evaluation of samples that have been reinjected, reamplified, and/or reextracted  

 
1.8.1 Analysts should evaluate multiple data sets for an item amplified with the same autosomal 

STR kit to determine if there are indications of differences in peak proportions between the 
injections/amplifications for the sample.  Analysts must indicate in the table of results if the 
represented result is a composite of multiple amplifications/or injections (see section 5).  
When generating a composite DNA profile, the analyst must use the highest RFU value of a 
reproducible peak when determinations of contribution level are done.  If significant 
differences exist between the data generated from reamplification of the same DNA extract the 
analyst may choose to consider the data as separate results instead of generating a composite 
profile. 

 
1.8.2 Analsysts should evaluate data for an item amplified with multiple autosomal STR kits to 

verify that no unexplainable discordances exist between loci common to the kits.  Possible 
reasons for discordances include; but are not limited to; degradation or inhibition affecting one 
of the amplifications to a greater degree than the other, variation in primer sequence, stochastic 
effects of low level samples, and the slight differences in peak proportions typically 
encountered during multiple amplifications of mixed samples.  

 
Section 2 – Re-interpretation of DNA Typing Results 
 
In general, interpretation of DNA samples will be completed prior to comparison of reference samples.  All 
interpretation of samples will be performed using the actual electrophoresis data and not the table of 
results.  DNA interpretation will include the following steps:  

 
Determine whether a sample is a mixture (section 2.1) 
Estimate the number of contributors to a sample (section 2.2) 
Determine whether stochastic effects are likely (section 2.3) 
Identify whether a sample is degraded and/or inhibited (section 2.4) 
Determine contribution level in mixed DNA samples (section 2.5) 
Document relevant assumptions (section 2.6) 
Determine which loci and combinations of DNA types are useful for statistical support of 
inclusions (section 2.7).   

 
These steps will be documented in the analytical record on an interpretation worksheet prior to comparison 
to reference samples. 
 
2.1 Determination of whether a sample is a mixture 
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A mixed DNA profile possesses certain common attributes that will tend to indicate the presence of 
more than one contributor to the observed results.  The attributes may include:  
 
• Greater than two alleles present at a locus, unattributable to a mutation or a tri-allelic pattern.  
• Imbalance in peak height between peaks at a locus greater than expected based on validation data 

for the specific kit (see the interpretation thresholds specific kit).  
• Generally, evidence of a mixed DNA sample exists at multiple loci.  

 
To determine whether a mixed DNA profile exists, the DNA profile must be evaluated in its entirety.  
Possible peaks observed below the analytical threshold may be used in the determination of the number 
of contributors. The conclusion in the Forensic Biology report should state that the minimum number 
or assumed number of contributors for any evidence sample, and may be stated independently of the 
conclusion(s) surrounding potential individual contributors (see section 5). 

 
2.2 Estimation of the number of contributors to a sample 

 
Conclusions with respect to the minimum number of contributors must be included in a report.  
Generally, an estimate of the minimum number of contributors is based on the locus that exhibits the 
greatest number of allelic peaks and the fact that each contributor would contribute at most two alleles 
to the locus (although tri-allelic patterns could be present, but are extremely rare).  Additional 
information such as expected peak height ratios can be used to determine minimum number of 
contributors.  While the minimum number of contributors to a mixture can be established with a high 
probability, an absolute determination of the number of contributors cannot be ascertained.  
Assumptions as to the number of contributors can be made if the data appears consistent with a given 
number of contributors (see section 2.6)  
 

2.3 Determination of whether stochastic effects are likely 
 
Validation data has been used to determined stochastic thresholds to be used with each specific kit for 
the injection parameters used. Please refer to the specific kit interpretation thresholds sections for the 
stochastic thresholds to be used for interpretations. 

 
If a table of results is to be included with the Forensic Biology Unit report, any DNA types below the 
stochastic threshold will be designated with an asterisk (e.g. 16*) (see section 5).   

 
2.4 Determination of whether inhibition and/or degradation is present 

 
2.4.1 Inhibition of the PCR process can be caused by a variety of substances and is generally 

described as a reduction in efficiency of the PCR process.  Examples of the effects of inhibition 
can be observed in the SDPD Inhibition presentations on the FB network in the presentations 
folder. 
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Evaluation of the IPC in the quantification assay(s) can be helpful to determine whether 
inhibitors may be present.  Because a larger amount of DNA may be amplified than used for 
quantitation, a sample with an IPC result within expectations may still show evidence of 
inhibition when amplified.   
 

2.4.2 DNA is generally stable if stored properly; however, degradation of DNA can occur over 
time, through exposure to the elements, or through the action of bacteria.  Degradation can be 
identified by a classic pattern in samples where rather robust results are obtained at the smaller 
(base pair) loci while little to no results are obtained at the larger (base pair) loci.  The overall 
results have been described as being in a ski slope pattern. 

 
In general, inhibition will affect all contributors to a DNA mixture equally and could raise the 
concern of actually detecting all alleles that should be present in the mixture.  Degradation, 
however, may not affect all contributors equally (differential degradation) and mixtures 
containing degraded DNA can pose a challenge to the analyst attempting to interpret them.  
Analysts are encouraged to exercise caution when interpreting a mixture that is thought to 
contain, or is known to contain, degraded DNA. 
 

2.5  Mixture Terminology in Binary Interpretations. 
 
2.5.1 In general, a major DNA contributor is an individual who appears to contribute a significant 

portion of the DNA to a mixture.  A DNA contributor should be contributing more DNA than 
at least one of the other contributors to the mixture to be considered a major contributor.  
Major contributors to a DNA mixture do not possess DNA types that are designated as minor 
alleles unless a significant amount of stacking of alleles is likely. 
  

2.5.2 In general, a minor DNA contributor is an individual who appears to contribute a small 
portion of the DNA to a mixture.  Minor contributors will possess multiple DNA types that are 
designated as minor alleles.  Alleles from possible minor DNA contributors may be masked by 
alleles from major contributors. If no alleles from minor contributors are identified in the 
mixed DNA sample then the mixture should be considered unresolvable in terms of 
determining major and minor DNA contributors. 
  

2.5.3 When a DNA profile presents as a mixture of three or more individuals with at least one major 
DNA contributor, at least one minor DNA contributor and a contributor at a level somewhere 
between the major and minor contributor(s), that contributor can be termed a mid-level 
contributor or second significant contributor.  Additional terms such as “significant minor” 
may be used to further clarify assumptions about the contribution levels in the mixture 
provided they are clearly defined in the case notes (see section 2.9.1.4 c).  The interpretation 
of the presence of a significant second contributor to a mixture should be based on a 
discernable difference in peak intensities between the second significant contributor and any 
other minor alleles present in the mixture.  Alleles designated as likely originating from the 
significant second contributor should be documented in the analytical record. 
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2.6 Determination of contribution levels in mixed DNA samples obtained with Profiler Plus, 
COfiler, Identifiler, and MiniFiler (from the 3130 Genetic Analyzer) amplification kits. 
 
The validations studies conducted for the Profiler Plus, COfiler, Identifiler, or MiniFiler kits were not 
comprehensive enough to support the use of the Identifiler Plus amplification kit partitioning model 
(see section 2.7). 
 
As such, analysts seeking to re-interpret mixtures obtained when using kits other than Identifiler Plus 
should rely heavily on observations regarding the number of contributors to a sample, any assumptions 
regarding the number of contributors or reasonably expected contributors, observed mixture ratios, 
expected peak height and stutter ratios when interpreting mixed DNA samples. The thresholds for each 
kit are detailed in the interpretations thresholds documents for each kit. 
 
To assist in the interpretation of mixed DNA samples of samples tested with the Profiler Plus, COfiler, 
Identifiler, or MiniFiler kits an attempt to make an assumption as to the number of contributors is 
recommended. If no such assumption can be made as to the total number of DNA contributors in the 
sample, analysts may make an assumption as to the number of major contributors (if possible) and an 
interpretation of the major contributors predicated on that assumption may be performed without an 
interpretation as to minor DNA contributors. 
 

2.7 Determination of contribution levels in mixed DNA samples obtained with the 
Identifiler Plus amplification kit. 
 
Validation studies conducted on 2-, 3-, and 4-person mixtures indicates that the partitioning model 
presented below can be useful in the interpretation of complex mixtures.  This model will not apply to 
all mixtures and consideration should be taken in applying the partitioning model, especially for 
complex mixtures outside the scope of the validation (i.e. mixtures of 5- or more people).  In mixtures 
known to contain at least 5– or more people, for instance, if the loci with the most DNA types detected 
contain data indicating that any DNA type could pair with any other at the marker (based on validated 
peak height ratio expectations), there may not be any contributors contributing more DNA than 
another.  Not applying the partitioning model would be the best approach to interpreting mixtures in 
these instances. 
 
The individual peak heights of alleles within a mixture can provide information regarding the relative 
contribution level (major/minor) to the overall mixture for people possessing those types.  This 
assessment begins by determining whether there appears to be multiple significant contributors (section 
2.7.1). Once balance has been evaluated, the mechanism for identifying DNA types more likely from 
minor DNA contributors can be determined.  The determination of the appropriate method for 
assigning DNA types likely from minor contributors is critical in the interpretation of complex 
mixtures.   
 
The two methods for assigning minor DNA types in a mixture are by using 1/3 the tallest peak at a 
marker or using a threshold of <10% the total rfu detected at a locus (these are explained further in 
sections 2.7.1.1 and 2.7.1.2).  Using a threshold of ⅓ the tallest peak at a marker will generally 
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provide a subset of DNA types that includes the genotype of the single strongest DNA contributor in a 
mixture and is used when there is an indication that the mixture is imbalanced in contributions levels 
between the contributors.  Using the threshold of <10% the total rfu detected a marker will provide 
the subset of DNA types that include the genotypes for the two or three strongest contributors to the 
mixture. 
 
DNA types identified as more likely from minor DNA contributors will be designated by brackets (e.g. 
[16]) in the table of results (see section 5).   
 
 
2.7.1 In general, mixtures having multiple major contributors (a balanced mixture) in a mixed DNA 

profile can be determined by examining the results using the following criteria:  
 

One locus with at least 5 alleles greater in height than ⅓ the tallest peak at that locus (five 
including the tallest peak) and/or three loci with four alleles within 50% of the tallest allele 
at those loci (four including the tallest peak).   

 
If the above indicators are not met, but the overall information in the profile indicates that the 
situation of at least two significant contributors is likely, analysts should adopt the <10% the 
total rfu at a marker for the designation of minor contributor alleles.  Some two person 
mixtures may not have 3 loci with 4 DNA types and therefore peak proportions at the other 
loci should be evaluated for indications of balance.  Loci with two alleles that have close to 1:1 
or 3:1 ratio, or three alleles with some combination close to a 2:1:1 ratio is indicative of 
balance between significant contributors. 
 
Additional factors or phenomena such as inhibition or degradation within the sample may lead 
an analyst to adopt a more conservative interpretation and statistical assessment of any potential 
inclusions.  Analysts should be able to articulate the basis for their interpretation, such as low 
level mixtures that may have peaks below the detection threshold that suggest balance in the 
mixture.   
 
2.7.1.1 Minor contributor types in mixtures with a single major contributor indicated 

 
In mixtures with a single major DNA contributor indicated (imbalanced mixtures) a 
DNA type is considered to be from a minor contributor if it is less than ⅓ the intensity 
of the tallest peak at a marker. 
 
Validation data has shown in mixtures that have varying contribution levels from the 
DNA donors, individuals that generally contribute greater than 50% of the DNA in a 
sample will not possess any alleles designated as “minor” in the mixture.  In these 
situations “minor” alleles can be used as an interpretational tool for determining major 
vs. minor contributors to a mixture.   
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In some circumstances the imbalance in a sample will be so extreme, that the genotype 
from a single major contributor (predominant) see 2.9.1.4a can clearly be deduced.   
 

2.7.1.2 Minor contributor types in mixtures with multiple major contributors 
 
In mixtures with multiple major contributors (balanced mixtures), minor contributor 
alleles will generally be less than 10% of the total RFU at a locus.  10% is meant as a 
guideline and phenomena such as the overall intensity of the types in the mixture, 
stutter and baseline artifacts may affect the percentage from locus to locus.  If the 
percentage of an allele is such that it is suggestive that it may be from a more significant 
contributor it should not be considered minor.  When the overall peak heights in a 
mixture are low, it is more likely to have stochastic issues affect expected peak height 
ratios of the contributors, as such, 7% will be used as the threshold for loci with less 
than 1600 total rfu in mixtures with multiple major contributors (balanced mixtures). 
  

2.7.2 When identifying DNA types in a mixture that are more likely from minor contributors, the 
robustness of the DNA profile should be taken into consideration in evaluating and interpreting 
a DNA profile.  As results approach the stochastic range (e.g. 200 RFU for Identifiler Plus), 
peak height ratios of less than 30% may be observed.  Based on the increased imbalance 
expected with lower levels of DNA, loci where the tallest peak is less than or equal to 350rfu 
should not be used to determine major/minor contributor DNA types.  In some mixtures 
where the majority of the types detected are stochastic level and only a few DNA types are 
above 350rfu, analysts may determine that assigning major vs minor alleles should not be done 
due to the low level of the data. 

 
2.8 Documenting Assumptions 

 
In certain circumstances, assumptions regarding DNA profiles may be made to assist the analyst in 
drawing conclusions and to put the evidence in the proper context.  All assumptions regarding any 
interpretation will be presented in the report and should also be in the notes (see section 5).   
 
2.8.1 While the absolute number of contributors to a DNA mixture is difficult to determine, 

analysts may make assumptions as to the number of contributors detected in samples. The 
assumptions as to the number of contributors should take into account phenomena such as 
allelic dropout, degradation, differential degradation, inhibition, and possible masking of alleles 
by stutter filters. The assumption as to the number of contributors must be supported by the 
data. 
 

2.8.2 In certain circumstances assumptions regarding the presence of a contributor in a DNA 
mixture is permissible (i.e. intimate samples, or reasonably expected contributors).  In these 
circumstances the DNA profile from the assumed contributor(s) can be used to assist 
interpretation of the additional contributor(s) DNA profile/types (section 2.9).   
 
The assumption of the presence of one or more contributors may require the analyst to change 
the minimum number of contributors to a mixture.  It also may be possible that the assumption 
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of the presence of a contributor may change the confidence with which an assumed number of 
contributors can be made. 
 

2.9 Determining the Loci to be used for Statistics/Comparisons 
 
Prior to making comparisons, the profile should be evaluated to determine what loci and/or 
combinations of DNA types are acceptable to support a conclusion statistically.  Much of the 
evaluation to determine what parts of the DNA results can be used for statistical weight takes into 
account the presence of DNA types below the stochastic threshold and whether assumptions regarding 
the number of contributors have been made.  If all DNA types are above the stochastic threshold, all 
DNA types can be used for comparison, but it may useful to further refine the genotypes for 
comparison if a limited number of combinations are likely. 
 
If an analyst believes that filtered stutter peaks should be evaluated for comparison, the mean stutter 
percentage observed for the allele during validation and other studies should be used to assess whether 
excess stutter is likely.  Peaks in stutter positions that are more than 2 standard deviations above the 
mean observed stutter (for Identifiler Plus amplification kit), and 3 standard deviations above the mean 
observed stutter (for the Profiler Plus, COfiler, Identifiler, and MiniFiler amplification kits), indicate 
the presence of excess stutter and that DNA contribution from a source other than stutter is likely.  If a 
peak in a stutter position is deemed to have originated from a separate contributor  to the sample, then 
all stutter peaks in the mixture should be considered as possible allelic peaks from the additional 
contributor(s) (within the limitations of the number of contributors) and can be evaluated in the same 
manner described above.  Subsequent to an evaluation of stutter peaks in the mixture it may be 
necessary to reassess the minimum number of DNA contributors to the sample. 
 
2.9.1 Samples with an assumed number of contributors. 

 
2.9.1.1 An apparent single source sample consists of no more than two relatively balanced 

alleles at each locus.  Single source samples with three allele peaks at a single locus 
and/or partial null alleles have been reported, though are extremely rare.  For single 
source samples, allele number and peak height ratios should be appropriate for the 
level of the detected DNA. 
 
Alleles used for comparison: 
When two alleles, or one allele detected above the stochastic threshold, are detected at 
a locus, allelic dropout is not a concern.  These alleles are used for comparison.  When 
one allele is detected and the allele is below the stochastic threshold, allelic dropout is 
possible.  The allele may be used for comparison, but allelic drop-out must be 
considered in the interpretation. 
 

2.9.1.2 When the data supports it, an analyst may make an assumption as to the number of 
DNA contributors in a mixture.  It is not recommended that analysts make 
assumptions on mixtures of four or more individuals as the data in those mixtures 
becomes much harder to interpret. 
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When the number of contributors to a DNA mixture is assumed to be two or three 
people, there are restrictions on the genotypes that could have contributed to the 
profile. Given the number of assumed contributors, the number of detected alleles, 
and the ratio of the contributors, it is possible to remove certain allele combinations 
from consideration. Any criteria used for the interpretation of a mixture, or to select 
acceptable genotype combinations for any contributors, must be listed in the analytical 
record. 
 
Alleles used for comparison: 
All alleles at loci where the analyst is confident that all DNA types are detected will be 
used for comparison for mixtures of two or three people.  

 
Loci with DNA types below the stochastic threshold can be used in some circumstances 
in mixtures of two or three people:   
 

a) If all DNA types from all contributors appear to be present at a locus, all 
alleles at the locus, including those below the stochastic threshold, will be used 
for comparison.   

 
b) If DNA types below the stochastic threshold are observed and at least one 

allele is present from each contributor (three alleles in a two person mixture 
or five alleles in a three person mixture), all alleles can be used for comparison 
if the analyst considers the possibility that the DNA type(s) below the 
stochastic threshold can be paired with an undetected allele.   

 
c) If the analyst does not have confidence that at least one allele has been detected 

from each contributor, the locus should not be used for comparison if DNA 
types below the stochastic threshold are detected unless a major contributor or 
major contributors are present (see section 2.8.1.4a).  

 
2.9.1.3 Mixtures of two or three contributors where a forensically valid assumption regarding 

a contributor can be made  
 
In addition to the guidelines in section 2.9.1.2, when the number of contributors is 
assumed and a forensically valid assumption regarding a contributor is made, further 
refinement of the mixture is possible.  In these circumstances, possible combinations 
representing the source(s) of the DNA foreign to the assumed contributor(s) should be 
considered for comparison as described below.  DNA types foreign to the assumed 
contributor(s) are referred to as obligate foreign alleles. 
 
Loci used for comparison: 
Loci where the analyst is confident that all DNA types are detected can be used for 
comparison.  Loci with DNA types below the stochastic threshold can be used if all of 
the types below the stochastic threshold are due to the assumed contributor and/or if 
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at least one DNA type from the foreign contributor(s) is present, in a similar fashion to 
2.9.1.2a and 2.9.1.2b. 
 

2.9.1.4 Some samples may not allow for confident assumption as to the number of total 
contributors, but do allow for an assumption as to the number of major 
contributors. 
 
a) Assumption of one major contributor. If the overwhelming contribution to the 

DNA in a mixture appears to originate from a single individual then the term 
predominant DNA contributor will apply.  A predominant DNA profile will be 
one where a single source genotype from the single strongest contributor to the 
mixture is able to be deduced from all of the DNA markers tested.  In general, all 
alleles from predominant DNA contributors will be designated as major.  Factors 
that will affect deducing a predominant DNA profile such as the genotype of an 
assumed additional contributor or other issues commonly observed in PCR 
systems (stutter, peak height ratios, preferential amplification, etc) should all be 
considered in the interpretation of a predominant genotype.  
 
In some circumstances a single major contributor will be apparent, but some 
ambiguity may exist for the genotype of the major contributor at a few loci due to 
stacking of minor contributor alleles.  Peak height ratio expectations may limit the 
ambiguity, but if uncertainty still exists, an analyst may choose all combinations of 
types that are not designated as minor at the ambiguous loci or all loci. 
 
Alleles/loci used for comparison: 
The DNA types for a predominant contributor will be considered for comparison 
in a similar fashion as single source samples (section 2.9.1.1). 
 
Minor contributors to a mixture with a single major contributor, but no 
assumption as to the number of total contributors will be evaluated in a similar 
fashion as in section 2.9.2.2 
 

b) Assumption of two major contributors.  It is possible that two DNA contributors 
will contribute significantly more DNA than any other contributors to a mixed 
DNA sample.  In this circumstance, an analyst can treat the two major contributors 
in a fashion similar to section 2.9.1.2. 
 
Minor contributors to a mixture with two major contributors, but no assumption 
as to the number of total contributors will be evaluated in a similar fashion as in 
section 2.9.2.2 
  

c) Assumption of one major contributor, one mid-level DNA contributor, and at 
least one minor DNA contributor.  In certain mixtures, it is possible to identify a 
“mid-level” contributor that is contributing more than at least one other 
contributor but less than another.  In these circumstances, the assumptions of the 
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analyst should be documented in the case packet. Additional terms such as “mid-
level” or “significant” can be used provided they are clearly defined in the case 
notes. Alleles designated as likely originating from the significant second 
contributor should be documented in the analytical record. 
 
Alleles/loci used for comparison: 
The interpretation of the presence of a significant second contributor to a mixture 
should be based on a discernable difference in peak intensities between the second 
significant contributor and any other minor alleles present in the mixture.  Alleles 
designated as likely originating from the significant second contributor should be 
documented in the analytical record. Care should be taken with any alleles thought 
to be from a second significant contributor if those alleles are in the stochastic 
range. 

 
2.9.2 Even when the number of total contributors and/or the number of major contributors 

cannot be confidently assumed, the sample may be evaluated for the presence of possible 
major contributors (section 2.9.2.1) and minor contributors (section 2.9.2.2). In some 
circumstances, the mixture cannot be resolved into major and minor components (section 
2.9.2.3) or is not useful for comparison (section 2.9.2.4).  
 
2.9.2.1 Major contributors with no assumption of the number of contributors.  Major 

contributors should not have types that are designated as minor contributor alleles (see 
section 2.5); the subset of alleles in a DNA mixture above the level of minor 
contributor alleles are considered possible major contributor DNA types.  It may be 
possible that the number of major contributors can be assumed even if the number of 
total contributors cannot be confidently determined (see section 2.8.1.4). 
 
Loci used for comparison: 
Loci with all possible major contributor DNA types above the stochastic threshold will 
be used for comparison to the major contributor DNA types.  If the mixture contains 
multiple major contributors (i.e. a balanced mixture), caution should be exercised in 
using loci for comparison where the total signal detected is less than 700rfu.  At this 
level it is possible that major contributor alleles may be below the detection threshold 
of 50rfu (using the 7% threshold).  Variables including the peak heights, number of 
detected alleles, and the minimum number of contributors will all play a part in 
determining whether a locus should be used for comparisons. 
 
If possible major contributor DNA types at a locus are detected below the stochastic 
threshold, in a mixture evaluated without assumptions; the locus will not be used for 
comparison purposes to possible major contributors. The locus will be not be used for 
comparison due to the concern that one or more major contributors may have DNA 
types that were not detected. 
 
In mixtures where only a subset of the loci are deemed usable for 
comparison/statistical calculations, any inclusions should be supported by the 
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information contained within the remaining loci.  If the remaining loci contain 
instances that conflict with the stated inclusion, the analyst may deem that exclusion is 
the more appropriate conclusion given the totality of the information in the results.  If 
an analyst opts for exclusion under the previously described scenario, the reasons 
underlying the exclusion must be articulated in the notes. 

 
2.9.2.2 Minor contributors with no assumption of the number of contributors.  Minor 

DNA contributors should show proportional contribution across the DNA mixture.  
There can be more than one minor DNA contributor to a mixture.  In general, minor 
DNA contributors will possess weaker DNA types across several loci (see section 2.5).  
Masking and allelic drop-out are more likely with minor DNA contributors.  Caution 
should be taken when interpreting a mixture with only one or two minor DNA types 
in a complex mixture as allele sharing may have caused the allele designation to be a 
“minor” type(s).  The validation data indicates that it is possible to have alleles less than 
1/3 the height of the tallest in mixtures with relatively equivalent contributors due to 
allele stacking effects. 

 
If no assumptions are made about the number of minor DNA contributors then all 
combinations of alleles at a locus should be considered as possibly originating from a 
minor contributor and not just genotypes containing the designated minor alleles.   
 
Loci used for comparison: 
Loci with minor contributor alleles present and where the analyst is confident that all 
DNA types are detected will be used for comparison to possible minor contributors.  
Analysts should be able to articulate their reasoning for the use of loci for comparison 
to potential minor contributors.  Peak heights, number of detected peaks, minimum 
number of potential DNA contributors may all play a role in an analysts decision use a 
locus for comparison purposes.  Loci with DNA types below the stochastic threshold 
will not be used for comparison purposes to possible minor contributors due to 
concern that one or more minor contributors may have DNA types that were not 
detected.  If fewer than four loci are useful for comparison to possible minor 
contributors, the profile will be considered uninterpretable with respect to minor 
contributors.  

 
2.9.2.3 Mixtures with no major contributors and no assumption of the number of 

contributors. Samples with no DNA types designated as minor contributor alleles (see 
section 2.5) are not resolvable into major or minor contributors.  Mixtures, such as 
those of more than four contributors, may have DNA types designated as minor 
contributor alleles, but ambiguity may still exist as to whether one or more 
contributors is donating more DNA than others in the mixture.  Such samples will be 
evaluated for possible DNA contributors.   
 
Loci used for comparison: 
Loci where the analyst is confident that all DNA types are detected will use all alleles 
for comparison to possible DNA contributors.  Loci with DNA types below the 
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stochastic threshold will not be used for comparison purposes to possible DNA 
contributors due to concern that one or more DNA contributors may have DNA types 
that were not detected.  If fewer than four loci are useful for comparison to possible 
DNA contributors, the profile will be considered uninterpretable.  

 
2.9.2.4 Uninterpretable mixtures are mixtures where no assumptions can be confidently 

made and where all observed alleles are below the stochastic threshold are not useful 
for comparison and are considered uninterpretable.  A mixture may be useful for 
comparison to possible major contributors and may be uninterpretable with respect to 
possible minor contributors. 
 

3. Comparison of DNA Typing Results  
 
3.1 Inclusion.  If a person of interest has no unexplainable differences from the alleles or allele 

combinations determined to be useful for statistical support of inclusions, and thus comparison, 
they are included as a source of the DNA or possible contributor to the DNA mixture.   

 
3.2 Exclusion.  If a person of interest has unexplainable differences from the alleles or allele 

combinations determined to be useful for comparisons, they are excluded as a source of the DNA 
or possible contributor to the DNA mixture.   

 
Inconclusive.  An analyst may determine that due to a combination of variables including (but not 
limited to) the number of DNA contributors as well as a lack of information in the results that no 
comparisons can be made to the profile (or comparison for possible minor contributors). 
 

3.3 Unsuitable for comparisons. Some mixtures such as those with five or more contributors may 
not be suitable for comparison, unless a minimal number of major contributors exist.  
Comparisons to these mixtures will be considered inconclusive. 
 
Mixtures with no assumptions made to the number of contributors, that have less than 4 loci 
available for comparison, will be deemed unsuitable for comparisons. 
 
If the positive amplification control does not provide the expected results, or if DNA types are 
detected in the negative amplification control or the relevant reagent blank, the sample may not be 
useful for comparison (see section 1.6) and would thus be uninterpretable.   
 

4. Statistical Analysis of DNA Typing Results 
 

When a comparison leads to a conclusion that an individual is included as a possible source of the DNA or a 
possible contributor to a DNA mixture, an assessment of the significance of that inclusion should be 
performed by calculating the rarity of such an inclusion.  If the inclusion has little probative value a 
calculation may not be necessary.  If an individual is included as a possible contributor to the DNA from 
multiple items in a case, calculations may only be necessary for the most probative item(s) and/or the 
item(s) with the highest discrimination potential.   
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Calculations will only be performed on loci and/or allele combinations that have been deemed acceptable 
for comparison purposes (section 2.7). 
 
All calculations will be generated for the Caucasian, African American and Southwestern Hispanic 
populations using the DNA allele frequency data taken from J Forensic Sci 1999, 44(6): 1277-1286 and for 
the D2S1338 and D19S433 loci from Forensic Science Communications 2001, 3(3) unless noted.  If a 
different database is used for calculations, it should be included in the administrative documents with the 
case file and noted in the report. 
 
The product rule will be used for calculations by determining the probability at each locus and multiplying 
the results for each locus together. 
 
In general, Popstats is used for statistical calculations.  In some circumstances the SDPD 2p calculator can 
be used for low level samples.  There is also the SDPD RMP calculator, which can be used for mixtures, 
that allows for the exclusion of certain genotypes from the calculation.   

 
4.1 For single source samples and samples with a predominant DNA profile the significance of a 

match should use the random match probability (RMP) formulae for single source samples.  Loci 
with two alleles (heterozygotes) or with a single allele above the stochastic threshold 
(homozygotes) can be calculated using Popstats.  For loci with a single allele below the stochastic 
threshold the analyst can use the SDPD 2p calculator in combination with the Popstats results or 
can decide not to use the locus for statistical weight if the added value would be insignificant to the 
overall conclusion.  The formulae for the Random Match Probability for single source samples are 
shown below:  

 
    f = 2pq    (heterozygote)                                            
    f = p2 + p(1 – p)θ   (homozygote)      (θ=0.01 in most instances)                 
    f = 2p - p2  (single peak below stochastic threshold)  

 
4.2 There are two methods used for calculations when an assumption is made regarding the 

number of contributors or the number of major contributors to a mixture: the likelihood ratio 
(section 4.2.1) and the random match probability (section 4.2.2).  Both methods can be restricted 
(taking into account peak height ratios and mixture ratios) or unrestricted.  The RMP can also be 
modified based on an assumed number of contributors to exclude unreasonable genotypes from 
consideration. Both methods can take into account the presence of an assumed contributor.    
 
4.2.1 If the number of contributors can be assumed with confidence, the likelihood ratio takes 

into account all of the information in the sample.  The likelihood ratio is the ratio of two 
probabilities of the same event under two mutually exclusive hypotheses.  Given the same 
data, it is possible to calculate more than one likelihood ratio under a different set of 
assumptions and hypotheses.   
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In general, the likelihood ratio formula is:              
 
Typically the calculation in the numerator is the probability of obtaining the evidence 
under the hypothesis that a person of interest is one of the contributors to the DNA 
mixture along with additional known or unknown people.  The calculation in the 
denominator is the probability of obtaining the evidence under the hypothesis that  a 
randomly selected individual is contributing to the DNA mixture along with additional 
known (generally the same as the numerator) or unknown contributors.  If the result of the 
ratio is a number greater than one, the DNA results are more probable if the person of 
interest is a contributor to the mixture.  If the result of the ratio is less than one, the DNA 
results are more probable if the evidence is a mixture of DNA from randomly selected 
individuals.   

 
In the SDPD lab, the likelihood ratio has been more commonly calculated when a 
contributor is assumed and the number of contributors is also assumed, but it can also be 
calculated without the assumption of a contributor.  Likelihood ratios are also used in 
parentage and kinship calculations, but these will be dealt with later (sections 4.4 and 4.5). 

 
Please see the complete document for additional scenarios where likelihood ratios could be 
useful.  Popstats can calculate likelihood ratios; however it does not employ formulas to 
deal with restricted likelihood ratios or scenarios where allelic dropout is possible. 

 
4.2.2 Although commonly used for single source samples, random match probabilities (RMP) 

calculations can also be performed for mixtures with an assumed number of contributors 
or for major contributors to a mixture with an assumed number of major contributors.  
The RMP calculates the probability of each genotype that could reasonably represent a 
contributor.  The RMP differs from a combined probability of inclusion (see section 4.3) in 
that fewer possible genotypes exist due to the assumption regarding the number of 
contributors. 
 
When a mixture is encountered that appears to have a single major contributor, but where 
some ambiguity exists in the genotype at one or more loci (see section 2.8.1.4a for an 
example), an RMP incorporating multiple genotypes at the ambiguous loci can be 
performed. 
 
In balanced mixtures of DNA from two people, the RMP could be calculated by using only 
the possible combinations that could have contributed to the mixture (e.g. heterozygote 
combinations where four alleles are detected).   
 
In circumstances where DNA types below the stochastic threshold are detected and where 
dropout has possibly occurred, a modified version of the 2p - p2 calculation in section 4.1 
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can be performed using the following formula for the alleles below the stochastic threshold 
(p, q, r, etc): 

 
2(p + q + r + …) – (p + q + r + …)2 

 

In mixtures of DNA where the presence of a specific contributor is assumed, an RMP could 
be calculated for the combinations of DNA types foreign to the assumed contributor.  Such 
calculations focus on the obligate alleles in the mixture. 
 

4.3 Combined Probability of Inclusion 
 
When no assumptions regarding the number of contributors can be made with confidence, the 
combined probability of inclusion (CPI) is used to express the significance of an inclusion.  The 
probabilities of all possible combinations at each locus are calculated and summed to generate a 
probability of inclusion or PI.  The PI for each of the loci acceptable for comparison are multiplied 
together to generate the CPI.  The PI for each marker and the CPI are calculated as: 
 

     PI = (p + q + r + …)2     

  CPI = PI1 * PI2* PI3 * …   
 
A CPI using the possible major contributor DNA types (e.g. types above minor) can be calculated 
to express the significance of an inclusion as a major contributor.  A separate CPI calculation using 
all DNA types can be performed to express the weight of an inclusion of a minor contributor.  For 
samples without major and minor contributors, a CPI using all alleles can be performed to express 
the significance of an inclusion as a possible DNA contributor. 

 

4.4 Parentage  
 
In cases involving disputed parentage, a parentage calculation will be provided using the formulae 
integral in the Popstats software.  If manual calculations are necessary because the parents and child 
are from a racial group for which Popstats does not have relevant population data, the formulae can 
be found in the “Help” section of Popstats.  Calculations for three parentage scenarios are 
performed: when one parent is alleged and the other is known (section 4.4.1), when one parent is 
alleged and the other is unknown (section 4.4.2), and when both parents are known and the child is 
alleged (section 4.4.3).  
 
4.4.1 The scenario when an allegation of parentage exists and DNA types from the child, the 

known parent, and the alleged parent exist is referred to as a parentage trio.  In this 
circumstance, a Parentage Index (PI) is calculated.  The PI is the Likelihood Ratio of the 
probability of the genetic evidence given that the alleged parent is the biological parent of 
the child versus the probability of the genetic evidence given that a randomly selected, 
unrelated individual is the biological parent of the child.  See the complete document for 
information on considering mutations. 
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4.4.2 In cases where one parent is alleged and the other parent is either unknown or for which 
DNA results are unavailable, a single parent case exists.  These are often referred to as a 
“motherless paternity” or “fatherless maternity” cases.  These calculations are performed by 
Popstats within its kinship tools. 
 

4.4.3 When the child of two parents is disputed, a Reverse Parentage Index (RPI) will be 
calculated.  This is the Likelihood Ratio of the probability of the genetic evidence given that 
the alleged child is the biological child of the parents versus the probability of the genetic 
evidence given that the alleged child is not the biological child of the parents.  

 
4.5 When the biological relationship, or kinship, of two individuals is disputed, a Kinship Index (KI) 

will be calculated.  This is the Likelihood Ratio of the probability that the two individuals’ 
genotypes are associated by kinship, versus the probability that the two individuals’ genotypes are 
associated by chance.  In cases involving disputed kinship, a kinship calculation will be provided 
using the formulae integral in the Popstats software.   

 
5. Reporting of DNA Typing Results and Conclusions  

 
The following are meant as guidelines for reporting conclusions for DNA testing in Forensic Biology Unit 
reports.  There are many ways to state a conclusion in a DNA report and the suggestions listed below do 
not cover every possible scenario.  Alternative wording may be used to express a conclusion so long as the 
conclusion is correct, supported by the data, and is appropriate based on the statistical probability limits 
employed by the Unit.   

 
5.1 Reporting of DNA typing results 

 
If all samples tested gave no DNA typing results, an analyst may convey these results with a written 
statement to that effect in the results section of the report.  
 
If DNA typing results are reported for one or more samples, the DNA typing results will be 
reported in tabular form.  If a low number of samples were tested, the table may be placed in the 
results section of the report.  If a larger number of samples were tested, or if the analyst desires, 
the table should be placed at the end of the report with a statement in the results section directing 
the reader to the location of the table.  If multiple items are tested, the table should include a clear 
indication of the item being presented.  A brief description of each item is desired.  An example of 
a table of results is shown below: 

 

Description D8S1179 D21S11 D7S820 CSF1PO D3S1358 TH01 D13S317 D16S539 D2S1338 D19S433 vWA TPOX D18S51 Amel D5S818 FGA 
100XXXX 
Stain from pants 

13, 14 30 9, 10* ND 14, 15 9 8, 11 13*, 14 24* 13 14, 15 8*, 11 ND X, Y 10, 12 21* 

100XXXY 
Baseball cap 

13, 14, 15, 
16 

[10] 

28, 30 
[32.2*] 

8, 9, 10 
 

11, 12 
[13*] 

14, 15, 17 
[18] 

 

6, 9 
[9.3] 

 

8, 11 
[13] 

11, 12, 13, 
14 

[10*] 

19, 24, 26 
[22] 

13, 14, 
14.2 

[15.2] 

14, 
15, 16 

8, 11 15, 17, 
18, 20 
[12*] 

X, Y 10, 11, 
12 

 

20, 
21, 24 
[19*], 
[27*] 

100XXYY 

John Smith 
13, 14 30 9, 10 NT 14, 15 NT 8, 11 NT NT NT 14, 15 NT 15, 17 X, Y 10, 12 20, 21 
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1 = DNA results are a composite of two injections 
2 = DNA results taken from Criminalist Joe Blow’s report for case #XX-XXXXXX dated April 7, 2002 
[ ]  = DNA type(s) likely from minor contributor(s). 
* = DNA type detected below the stochastic threshold 
ND = No DNA types detected 
NT = Not tested 

 
If results from previous analyses are reported with results from current analysis, a reference to the 
report from which the previously obtained results are taken should be included in the table. 
 
The table of results will indicate which types are minor contributor’s alleles and which types were 
detected below the stochastic threshold.  If a composite profile is used, a note to that effect should 
be placed in the table.  The table should specify if no results were obtained or if testing was not 
performed at a locus.  If abbreviations or symbols are used in the table, a key to the symbols should 
be provided with the table. 
 
In an effort to streamline the reporting process, especially in cases without suspects, 
uninterpretable samples may be omitted from the table of results.  Victim profiles may also be 
omitted from the tabular results unless the profile comprises an element of a potentially probative 
evidence sample.   
 
Asterisks indicating DNA types below the stochastic threshold are not required for reference 
samples containing heterozygous genotypes with one or more DNA types below the stochastic 
threshold. 

 
5.2 Reporting of conclusions 

 
Conclusions for each item should be present in the conclusions section of the report.  It is 
acceptable to group similar conclusions for multiple items together. 
 

5.2.1 In general, conclusions should state whether a mixture was obtained, and if a mixture was 
obtained, the minimum number of contributors should be stated.  The conclusion should 
indicate if the sample is not suitable for comparison purposes.  A brief description of the 
reason that it is not suitable should be included.  In the case of a mixture that is only 
suitable for comparison to possible major contributors, an indication should be included 
that the sample is not suitable for minor contributor statistical assessments and therefore 
unsuitable for comparison to possible minor contributors (see 5.2.1.1).  It may in some 
circumstances be relevant to indicate whether male or female DNA is present in the sample 
even if no statistics/comparisons can be made to the male DNA. 
 
If the sample is suitable for comparison and if comparisons are made, the conclusion should 
indicate whether the persons of interest are included or excluded.  If the comparison is 
determined to be inconclusive, a statement giving reasons leading to the inconclusive 
determination should be included in the report. 

 
If an inclusion is made, and if the inclusion warrants a probability calculation (see section 
4), the applicable probabilities should be listed.  

Arch
ive

d V
ers

ion



Unit Legacy Kit Interpretation Guidelines Manual 

Forensic Biology 

 

Implemented: 10/16/2017 Issuing Authority: F. Healy, Quality Assurance Manager Page 42 of 47 
Printed documents are not controlled 

 

 
Any assumptions made regarding the comparisons and/or the probability calculations must 
be listed in the conclusion. 

 
If the inclusion of an individual requires a larger number of contributors than the minimum 
based on allele number and peak height ratios, a statement to that effect should be 
included. 

 
A statement as to whether DNA types or a subset of the DNA types from an item will be 
uploaded into CODIS should be included, if applicable. 
 
5.2.1.1 Statement when the mixture, or a portion of the mixture (i.e. minors), is 

unsuitable for statistical calculations or comparisons:   
 
Due to the number of possible DNA contributors and the low level of the detected 
DNA types, the results in this mixture do not meet the laboratory’s criteria for use 
in statistical calculations and therefore no comparisons can be made to reference 
samples. 
 
Statement when the mixture, or a portion (i.e. minors) of the mixture, is 
unsuitable for statistical calculations or comparisons, but a search of the CODIS 
databases will be attempted: 
 
Due to the number of possible DNA contributors and the low level of the detected 
DNA types, the results in this mixture do not meet the laboratory’s criteria for use 
in statistical calculations and therefore no comparisons can be made to reference 
samples.  Sufficient information exists in the mixture to allow for searching against 
the CODIS databases.  Any hits obtained should only be treated as investigative 
leads as no statistical weight can be applied to possible matches. 

 
5.2.2 Examples of inclusions in common scenarios 

 
5.2.2.1 Examples of inclusions as a possible source of a single source or predominant 

sample 
 
If the profile frequency is rarer than 1 in 300 million, the terms “match” or “very 
likely the source” may be used to describe the inclusion: 
 

The (predominant) DNA profile from the evidence (Item 1) matches the DNA 
profile obtained from John Doe.  The approximate probabilities that a person 
selected at random would possess the same (predominant) DNA profile as the 
evidence are:  

 
If the profile frequency is more common than 1 in 300 million, a term such as “is 
included as a possible source” may be used: 
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John Doe is included (or could not be excluded) as being the source of the 
DNA from the evidence (Item 1).  The approximate probabilities that a person 
selected at random would possess the same DNA types as the evidence are: 

 
5.2.2.2 Example of an inclusion as a contributor to a mixture with no assumption as to the 

number of contributors 
 

A mixture DNA from at least two (or however many) people was recovered 
from the evidence (Item 1).  John Doe is included as being a possible DNA (or 
major or minor) contributor to the DNA mixture from the evidence.  The 
approximate probabilities that a person selected at random would be included 
as a possible DNA (or major or minor) contributor to the mixture are: 

 
5.2.2.3 Example of a conclusion where an assumption is made 

 
A mixture of DNA was obtained from the evidence (Item 1).  The results 
support that it is a mixture of (fill in relevant assumption).   

  
5.2.2.4 Example of an inclusion as a contributor to a mixture when the number of 

contributors is assumed (likelihood ratio scenario) 
 

A mixture of DNA was recovered from the evidence (Item 1).  The DNA 
results are consistent with a mixture of two people.  John Doe is included as a 
possible DNA contributor to this mixture.  Assuming two contributors to the 
DNA mixture, the DNA results suggest (see verbal wording below) support 
that this represents a mixture of DNA from John Doe and one unknown 
individual rather than if it is a mixture of DNA from two unknown individuals 
as expressed in the following table: 

 
The following represents suggested wording to convey the strength of the 
likelihood ratio calculation  

Likelihood Ratio Results Verbal wording Support for 
Hx 

1,000,000+ Extremely strong 
100,000 Very strong 

10,000 Strong 
1000 Moderately strong 

100 Moderate 
10 Limited 

1 Inconclusive 
0.1 Limited Support for 

Hy 0.01 Moderate 
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0.001 Moderately strong 
0.0001 Strong 

0.00001 Very strong 
0.000001 Extremely strong  

Verbal wording suggestions obtained from Dr. Chris Maguire – Northumbria University Center for Forensic Science 

 
5.2.2.5 Example of an inclusion as a contributor to a mixture when an assumption is made 

regarding the number of contributors and with one or more assumed contributors 
 

A mixture of DNA from at least two people was recovered from the evidence 
(Item 1).  John Doe and Jane Victim are both included as possible DNA 
contributors to this mixture.  Assuming that Jane Victim is a DNA contributor 
to the mixture and there is only one additional DNA contributor, then John 
Doe is (included as/very likely) the source of the DNA foreign to Jane Victim.  
The probabilities that a person selected at random would be included as a 
contributor to the DNA foreign to Jane Victim are:  

 
5.2.2.6 Example of an inclusion in a paternity case 

 
John Doe cannot be excluded as being the biological father of Baby Doe based 
on the DNA evidence.  It is (X/Y) more likely to observe these DNA results if 
John Doe was the true biological father than if a random (ethnicity) man was 
the father.  The probability of John Doe being the biological father is greater 
than 99.9999%.   
 

5.2.2.7 Inclusions to single source profiles on non-probative samples 
 

As a general rule, inclusions on samples that have no apparent probative value do 
not require the significance of the inclusion to be supported with a probability of 
inclusion statement, as long as the wording chosen for the conclusion is 
appropriate based on the statistical probability limits employed by the Unit.   

 
The words “match” and “very likely the source” may be used for inclusions to single 
source or predominant profiles on non-probative samples if a 15 locus match is 
obtained, given the minimum 15 locus profile frequencies using the Applied 
Biosystems Identifiler Plus kit (see below).  The term “consistent with originating 
from” is also acceptable but is not subject to statistical limitations so long as the 
data supports its use.   
 
If less than a 15 locus inclusion to a single source sample is obtained and an analyst 
still wishes to use “match” or “very likely the source” it may be necessary to have a 
profile frequency calculation in the analytical record to support the application of 
those terms, but that does not have to appear in the report.   
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Given the minimum 8 locus profile frequencies using the Applied Biosystems 
Minifiler kit (see below), the words “match” and “very likely the source” may only 
be used for conclusions on non-probative samples if their use is supported by a 
profile frequency calculation in the analytical record, which does not have to 
appear in the report.   
 

5.2.2.8 Non-probative inclusions to mixtures  
 

A mixture of at least two (or however many) people was recovered from the 
evidence.  John Doe is included as being a possible DNA contributor to the 
mixture from the evidence.  There is at least one unknown DNA contributor 
to the mixture.  DNA from the evidence will be searched against the databases 
of the Combined DNA Index System (CODIS).   

 
5.2.3 Examples of wording when a sample is unsuitable for comparison 

 
A mixture of DNA from at least five people was obtained from the evidence 
(Item 1).  Due to the complexity of the mixture, the sample is unsuitable for 
comparisons. 

 
5.2.4 Examples of wording when a comparison is inconclusive  

 
 
During DNA testing of the evidence (Item 1), the positive amplification 
control did not provide the expected results.  Therefore no conclusions will be 
drawn from this item. 

 
Results obtained from the evidence (Item 1) do not meet the laboratory 
requirements for comparison and are thus inconclusive. 

 
5.2.5 Examples of exclusions in common scenarios 

  
5.2.5.1 Example of an exclusion to a single source or predominant DNA profile 

 
The (predominant) DNA recovered from the evidence is from an unknown 
male/female.  John Doe is excluded as the source of the (predominant) DNA 
from the evidence.   
 

If minor DNA types are present in a mixture scenario where a predominant profile 
is deduced, it may be required to state John Doe’s possible inclusion as a possible 
minor contributor. 

 
5.2.5.2 Example of an exclusion to a DNA mixture 
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A mixture of at least two (or however many) people was recovered from the 
evidence.  John Doe is excluded as a possible DNA contributor to the mixture.  
DNA types from the mixture will be searched against the databases of the 
Combined DNA Index System (CODIS). 

 
5.2.6 Reporting Staff Matches 

 
When an evidence DNA profile is found to match a staff member of the laboratory the 
analyst should refer to the “Reporting DNA results matching laboratory staff” 
portion of the CODIS section of the Forensic Biology Unit Policy Manual. 
 

5.2.6.1 Example of wording for staff matches 
 

The DNA profile from Evidence Item X was found to match my DNA profile.  No 
other item in this case contains this profile and therefore interpretations of these  
items  were not affected. 
  
The DNA profile from Evidence Item X was found to match DNA from a 
laboratory analyst from Unit X.  No other item in this case contains this profile and 
therefore interpretations of these items were not affected. 
 
Minor contributor scenario 
 
…also detected in this sample was DNA that is consistent with my DNA profile.  
The presence of this DNA in the sample did not affect the overall interpretation for 
this item.  No other item in this case contains this profile and the interpretations of 
these items were not affected. 
 

5.2.7 Streamlining conclusions 
 
In cases without listed suspects, it may be appropriate to streamline the reporting of the 
conclusions.  If suspects in these cases are ever developed and reports are issued detailing 
these comparisons, streamlined conclusions would not be appropriate. The following are 
examples of streamlined conclusions. 
  
5.2.7.1 Single source profile examples 

 
DNA results from evidence Item X will be searched in CODIS. 

 
The DNA obtained from evidence Item X is from an unknown male.  The DNA profile 
will be searched in CODIS. 
 

5.2.7.2 Predominant DNA profiles 
 
DNA results from evidence Item X will be searched in CODIS. 
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The predominant DNA obtained from evidence Item X is from an unknown male.  
This profile will be searched in CODIS. 
 

5.2.7.3 Mixtures  
  
DNA types from evidence Item X will be searched in CODIS. 

 
A subset of DNA types from a mixture obtained from evidence Item X will be searched in 
CODIS. 
 
DNA results from evidence Item X are unsuitable to be searched in CODIS, but can be 
compared with reference samples. 
 
The DNA results from evidence Item X are unsuitable to be searched in CODIS, but they 
can be compared with reference samples if submitted. 
 

5.2.7.4 Unsearchable results 
 
DNA results from evidence Item X are unsuitable to be searched in CODIS or compared 
with reference samples. 
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