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1 Analysis and Interpretation of DNA Results 
 
Autosomal Analysis and Interpretation Guidelines 
The AmpFlSTR® Identifiler® Plus PCR Amplification Kits are short tandem repeat (STR) multiplex assays 
that amplify 15 tetranucleotide repeat loci and the Amelogenin gender determining marker in a single 
PCR amplification.  The AmpFlSTR® Identifiler® Plus PCR Amplification Kit uses the same primer 
sequences as the earlier generation AmpFlSTR® Identifiler® PCR Amplification Kit.  The Identifiler® Plus kit 
uses modified PCR cycling conditions for enhanced sensitivity, a new buffer formulation to improve 
performance with inhibited samples, and an improved process for DNA synthesis and purification of the 
amplification primers to deliver a much cleaner electrophoretic background.  With these modifications, 
the AmpFISTR® Identifiler® Plus PCR Amplification Kit delivers the same power of discrimination as, 
better sensitivity than, and better robustness than the earlier generation of the AmpFISTR Identifiler® 
Kit. The AmpFISTR Identifiler® Plus kit employs the latest improvements in primer synthesis and 
purification techniques to minimize the presence of dye-labeled artifacts. These improvements result in 
a much cleaner electropherogram background that enhances the assay’s signal-to-noise ratio and 
simplifies the interpretation of results.  
 

Loci Targeted by AmpFlSTR® Identifiler® Plus PCR Amplification Kits
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The GlobalFiler amplification kit is a multiplex PCR assay that amplifies 24 loci in a single amplification 
reaction.  The kit exceeds the new CODIS core loci requirements.  GlobalFiler contains all 20 current core 
CODIS loci, Amelogenin, a Y-STR marker (DYS391), a novel Y Indel, and SE33.  The increase in the number 
of loci will provide higher discrimination power, stronger kinship analysis, and increased international 
database compatibility.  Furthermore, the addition of 10 mini-STR loci that are less than 220 base pairs 
(bp) in size maximizes the kits performance with degraded samples. 
 
The addition of the DYS391 locus and the Y Indel marker is advantageous for sex determination 
confirmation.  With the addition of the Y Indel marker, Life Technologies added an additional sex 
determination marker.  An Indel is an Insertion or Deletion of a short sequence of nucleotides.  The Y 
Indel amplicon in the GlobalFiler kit is less than 90 bp.  A ‘1’ allele indicates the deletion and a ‘2’ allele 
indicates the insertion.  The Y Indel marker is beneficial when the Amelogenin Y allele in a male sample 
is null and the DYS391 marker (361-393 bp) drops out, either due to mutation, degraded DNA or low 
template DNA.   
Loci Targeted by GlobalFiler PCR Amplification Kit  
Locus 

Designation 
Chromosome 

Location Alleles Included in Allelic Ladder* Dye 
Label 

DNA 
Control 007 

D3S1358 3p21.31 8, 9, 10, 11, 12, 13, 14, 15, 15.2, 16, 16.2, 17, 17.1, 17.2, 18, 18.2, 19, 
20, 20.1 

6-
FAM™ 15,16 

vWA 12p13.31 10, 11, 12, 13, 14, 15, 15.2, 16, 17, 18, 18.2, 19, 20, 21, 22, 23, 24, 25  14, 16 
D16S539 16q24.1 4, 5, 6, 7, 8, 8.3, 9, 9.3, 10, 11, 11.3, 12, 12.1, 12.2, 13, 13.3, 14, 15  9, 10 

CSF1PO 5q33.3-43 5, 6, 7, 7.3, 8, 8.1, 9, 9.1, 10, 10.1, 10.2, 10.3, 11, 11.1, 11.3, 12, 12.1, 
12.3, 13, 14, 15  11, 12 

TPOX 2p23-2per 4, 5, 6, 7, 7.1, 7.3, 8, 9, 10, 10.1, 10.3, 11, 12, 13, 14, 15, 16  8, 8 
Y indel Yq11.221 1, 2 VIC® 2 

Amel X: p22.1-22.3 
Y: p11.2 X, Y  X, Y 

D8S1179 8q24.13 4, 5, 6, 7, 8, 9, 10, 10.2, 11, 12, 12.3, 13, 13.3, 14, 15, 15.3, 16, 17, 18, 
19, 20  12, 13 

D21S11 21q11.2-q21 

23.2, 24, 24.2, 25, 25.2, 25.3, 26, 26.2, 27, 27.1, 27.2, 28, 28.1, 28.2, 
28.3, 29, 29.1, 29.2, 29.3, 30, 30.1, 30.2, 30.3, 31, 31.1, 31.2, 31.3, 32, 
32.1, 32.2, 32.3, 33, 33.1, 33.2, 33.3, 34, 34.1, 34.2, 35, 35.1, 35.2, 36, 
36.1, 36.2, 37, 37.2, 38, 38.2, 39 

 28, 31 

D18S51 18q21.33 
6, 7, 8, 9, 9.2, 10, 10.2, 11, 11.2, 12, 12.2, 12.3, 13, 13.1, 13.2, 13.3, 14, 
14.2, 15, 15.2, 15.3, 16, 16.1, 16.2, 17, 17.2, 17.3, 18, 18.1, 18.2, 19, 
19.2, 20, 20.2, 21, 21.1, 22, 22.2, 23, 23.2, 24, 25, 26, 27, 28 

 12, 15 

DYS391 Yq11.21 6, 7, 8, 9, 10, 11, 12, 13, 14  11 
D2S441 2p14 8, 9, 9.1, 10, 11, 11.3, 12, 12.3, 13, 13.3, 14, 14.3, 15, 16, 17 NED™ 14, 15 

D19S433 19q12 5.2, 6, 6.2, 7, 8, 9, 9.2, 10, 10.2, 11, 11.2, 12, 12.1, 12.2, 13, 13.1, 13.2, 
14, 14.2, 14.3, 15, 15.2, 16, 16.2, 17, 17.2, 18, 18.2, 18.2, 19  14, 15 

TH01 11p15.5 3, 4, 5, 5.3, 6, 6.3, 7, 7.3, 8, 8.3, 9, 9.3, 10, 10.3, 11, 12, 13, 13.3  7, 9.3 

FGA 4q28 

12.2, 13, 14, 15, 16, 16.1, 16.2, 17, 17.2, 18, 18.2, 19, 19.2, 19.3, 20, 
20.1, 20.2, 20.3, 21, 21.2, 21.3, 22, 22.1, 22.2, 22.3, 23, 23.1, 23.2, 
23.3, 24, 24.1, 24.2, 24.3, 25, 25.1, 25.2, 25.3, 26, 26.1, 26.2, 27, 27.2, 
28, 28.2, 29, 29.2, 30, 30.2, 31, 31.2, 32, 32.2, 33.2, 34.2, 41.2, 42.2, 
43.2, 44.2, 45.2, 46.2, 47.2, 48.2, 49.2, 50.2, 51.2 

 24, 26 

D22S1045 22q12.3 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 TAZ™ 11, 16 
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D5S818 5q21-31 6, 7, 8, 9, 10, 10.1, 11, 11.1, 12, 12.1, 12.3, 13, 14, 15, 16, 19  11, 11 
D13S317 13q22-31 5, 6, 7, 7.1, 8, 8.1, 9, 10, 11, 11.3, 12, 12.3, 13, 13.3, 14, 15, 16, 17  11, 11 

D7S820 7q11.21-22 5, 5.2, 6, 6.3, 7, 7.1, 7.3, 8, 8.1, 8.2, 8.3, 9, 9.1, 9.2, 9.3, 10, 10.1, 10.3, 
11, 11.1, 11.3, 12, 12.1, 12.3, 13, 13.1, 14, 14.1, 15, 16  7, 12 

SE33 6q14 

4.2, 5, 6, 6.3,7, 8, 8.2, 9, 9.2, 10, 10.2, 11, 11.2, 12, 12.2, 13, 13.2, 14, 
14.2, 14.3, 15, 15.2, 15.3, 16, 16.2, 16.3, 17, 17.2, 18, 18.2, 19, 19.2, 
19.3, 20, 20.2, 21, 21.1, 21.2, 22, 22.2, 23, 23.2, 24, 24.2, 28, 25.2, 26, 
26.2, 27, 27.2, 28, 28.2, 29, 29.2, 30, 30.2, 31, 31.2, 32, 32.2, 33, 33.2, 
34, 34.2, 35, 35.2, 36, 36.2, 37, 37.2, 38 

 17, 25.2 

D10S1248 10q26.3 7, 8, 9, 10 ,11, 12, 13, 14, 15, 16, 17, 18, 19 SID™ 12, 15 

D1S1656 1q42.2 8, 9, 10, 11, 12, 13, 13.3, 14, 14.3, 15, 15.3, 16, 16.3, 17, 17.1, 17.3, 18, 
18.3, 19, 19.3, 20, 20.3, 21  13, 16 

D12S391 12p13.2 13, 14, 15, 16, 17, 17.1, 17.3, 18, 18.1, 18.3, 19, 19.1, 19.3, 20, 20.1, 
20.3, 21, 22, 23, 24, 24.3, 25, 26, 27  18, 19 

D2S1338 2q35 10, 11, 12, 13, 14, 15, 16, 17, 18, 18.3, 19, 19.3, 20, 21, 22, 23, 23.2, 
23.3, 24, 24.2, 25, 26, 27, 28, 29  20, 23 

*Green font indicates virtual bins. 
 
Loci Layout for GlobalFiler 

 
1.1  GeneMapper Analysis 

1.1.1 Allele assignment occurs through a three-step process:  
• Spectral separation:  The 4 dyes that Identifiler Plus uses in the STR amplification are 6-FAM, 

VIC, NED, and PET.  A fifth dye, LIZ, is used in the internal size standard.  The 5 dyes that 
GlobalFiler and Yfiler Plus use are 6-FAM, VIC, NED, TAZ, and SID.  The sixth dye, LIZ, is used in 
the internal size standard.  Although each dye emits its maximum fluorescence at a different 
wavelength, there is overlap in the emission spectra.  Multi-component analysis is the process 
that separates the five or six different fluorescent dye colors into distinct spectral components.  
This analysis occurs automatically after each instrument run.  
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Note: The precise spectral overlap is determined by separately analyzing DNA fragments labeled 
with each of the dyes (spectral standards). 

• Peak BP sizing:  The internal size standard (GS500 LIZ, for the Identifiler Plus and Yfiler multiplexes 
and GS600 LIZ for the GlobalFiler and Yfiler Plus multiplexes) is used to calculate precise peak bp 
sizing. The internal size standard is used to normalize injection-to-injection variations.  The Local 
Southern method is used to compare allele peaks with the LIZ peaks and calculate the bp size.  
This method uses the two points in the size standard directly below (smaller than) and the one 
point directly above (larger than) the unknown fragment and then one point below and two 
above.  The average of those calculations is then used to determine the size of the unknown 
fragment.  In GlobalFiler, there are 2 instances where a deviation from the Local Southern method 
will be utilized.  The ‘8’ bin in the D2S441 locus in the yellow dye is smaller than 80 bp, leaving 
only one fragment in the size standard (60 bp) less than the shortest peak in the allelic ladder.  
Likewise, the virtual bins ’37.2’ and ‘38’ in the SE33 marker are larger than the 440 bp leaving only 
one fragment in the size standard (460 bp) larger than these possible alleles.  In these instances, 
the algorithm will use the two closest points to the unknown peak to determine the fragment 
length.  Life Technologies performed the developmental validation of the GlobalFiler kit using this 
method and did not see any issues with sizing.   

• Allele designations:  Allele calls for each peak are made by comparing the bp size of the sample 
or control peak to the bp sizes of peaks in the allelic ladder. Thus, for allele designations to be 
determined, an allelic ladder must be present and interpretable in each run, and each ladder 
must have the appropriate alleles present for each locus when analyzed. 

 
1.1.2 GeneMapper Procedure 

1.1.2.1 Login to GeneMapper using the appropriate username and password. 
1.1.2.2 Add Samples to Project:  Browse to appropriate data folders.  Select the Casework 

folder and click Add To List at the bottom of the screen. Click Add to import the files 
into the project and close the dialog box.  The samples are displayed in the Project 
window. 

1.1.2.3 Check that the Sample Type, Analysis Method, Panel, and Size Standard are 
correctly labeled.   

 For Identifiler Plus:  
• Sample types: Select the sample type; allelic ladder samples must be labeled as “Allelic 

Ladder” 
• Analysis method: Identifiler_Plus_AnalysisMethod_v1X 

o Verify the analysis range is set to exclude the primer peak 
o Verify the minimum peak threshold is 50 RFU 

• Panel: Identifiler_Plus_Panels_v1.2X 
• Size standard: CE_G5_HID_GS500  

 
 

 
  For GlobalFiler:  
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• Sample types: Select the sample type; allelic ladder samples must be labeled as “Allelic 
Ladder” 

• Analysis method: “Globalfiler AT” or “Globalfiler AT no stutter” (for STRmix™ 
interpretations)  

o Verify the analysis range is set to exclude the primer peak 
o Verify the minimum peak thresholds are: 

 
 

 
 
 
 

 
 

 At times, the LIZ internal size standard peaks may not reach the 500 RFU 
threshold set in the GlobalFiler AT analysis method despite exhibiting 
acceptable peak morphology throughout the injection.  The sample may be re-
injected or re-analyzed by GeneMapper ID-X using the “Globalfiler AT-LIZ 100 
RFU” analysis method that incorporates a 100 RFU threshold for the orange size 
standard dye.  Refer to 1.1.2.3.3 for additional detail on assessing internal size 
standard peak morphology. 

• If multiple peaks not readily attributable to artifact are observed below the analytical 
threshold in a reagent blank or amplification negative control, the sample should be 
analyzed using the peak detection threshold, GlobalFilerPD, to investigate the possibility of 
contamination.  Consult the DNA Technical Leader, the Assistant DNA Technical Leader, the 
Forensic Biology Manager, the DNA Interpretation Supervisor, or the Forensic Biology 
Training Coordinator when activity in a reagent blank or amplification negative control is 
detected between the peak detection threshold and the analytical threshold. 

o Verify the analysis range is set to exclude the primer peak 
o Verify the minimum peak thresholds are: 

Dye Color Minimum Peak Detection Threshold 
(RFU) 

Blue 35 
Green 30 
Yellow 30 

Red 30 
Purple 30 

 
• Panel: GlobalFiler_v1 
• Size standard: GS600_LIZ_(60-460)  

 
1.1.2.3.1 Analysis settings are GeneMapper Default settings unless otherwise 

documented in this SOP.   

Dye Color Minimum Analytical Threshold 
(RFU) 

Blue 80 
Green 60 
Yellow 70 

Red 60 
Purple 60 
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1.1.2.3.2 Hit the green arrow on the toolbar.   
• Project files shall be uniquely named, such as with the initials and the date the run was set up.  

For example, a run on May 19, 2009 by JD should be named JD051909.  Multiple runs on the 
same day can be put into sequential order utilizing either numbers or letters (e.g. JD051909, 
JD051909B, PA051909, and PA051909#2).  Alternatively, the LIMS-generated 3130 plate number 
may be used to identify the GeneMapper project. 

 
1.1.2.3.3 Checking Internal Lane Size Standards (ILS):  

• The use of an internal lane size standard is essential for achieving high precision for sizing DNA 
fragments by electrophoresis. Without correct ILS calls, sample profiles may be inaccurate. Each 
peak for an ILS as described below needs to be called in order for a sample to be analyzed. If one 
is not called the GeneMapper software flags it as a size standard failure.  

• Visually inspect each ILS peak within each sample to ensure it is labeled correctly. Examine 
peaks for good morphology and similar RFU heights.  If the ILS exhibits poor morphology or 
dissimilar RFU heights, the sample should be re-injected when there is a possibility of the failure 
to detect allelic data. It may not be necessary to re-inject full, single-source samples for which 
there is no reasonable expectation that data may be undetected due to a poor injection, such as 
in a positive control or reference sample.  Evidence will generally not qualify for this exception, 
since we have no expectation of results on items of evidence.  LIZ includes peaks at the 
following base pair sizes:   

o Identifiler Plus: GeneScan™ 500 (GS-500 (LIZ)): 75, 100, 139, 150, 160, 200, floater (245-
250), 300, 340, 350, 400, and 450 bps.   

 
Example of an acceptable Identifiler Plus ILS: 
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Example of an unacceptable Identifiler Plus ILS: 

 
o GlobalFiler: GeneScan™ 600 (GS-600 (LIZ)): 60, 80, 100, 114, 120, 140, 160, 180, 200, 214, 

220, 240, 250, 260, 280, 300, 314, 320, 340, 360, 380, 400, 414, 420, 440, and 460 bps.   
 

Example of an acceptable GlobalFiler ILS: 

 
Example of an unacceptable GlobalFiler ILS: 

 
NOTE: With GS-500(LIZ), the 250 bp size standard fragment forms a secondary structure while migrating 
through polymer that causes the fragment to not migrate as a 250 bp fragment should. Therefore, it is 
standard to not label the 250 bp fragment. The GS-600 (LIZ) 250 size standard does not form a 
secondary structure while migrating through polymer. 
 

• If a sample results in a size standard failure, the analysis starting and stopping point may be 
adjusted under the corresponding Analysis Method in GeneMapper™ IDX to account for changes 
in migration rates. If this does not address the size standard failure, the sample may need to be 
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re-injected onto the analyzer to address the failure. If this measure does not fix the issue the 
sample can be prepared again and added onto a genetic analyzer. Consult the DNA Technical 
Leader, the Assistant DNA Technical Leader, the Forensic Biology Manager, the DNA 
Interpretation Supervisor, or the Forensic Biology Training Coordinator if the aforementioned 
measures are unsuccessful.  

 
NOTE: Changes to starting and stopping points in an Analysis Method in GeneMapper™ IDX changes 
these values for all users. 
 

1.1.2.3.4 Examine ladders and all controls and confirm: 
• Allelic ladders were correctly labeled.  GeneMapper averages all injections labeled “Allelic 

Ladder” for the same panel.  If any ladders do not exhibit quality data, change the sample type 
from “Allelic Ladder” to “Sample” so they are not included in the software averaging of ladders. 

• All positive control peaks are present and labeled correctly.  No extra peaks indicating 
contamination are present.  If the amplification positive control fails to amplify/type correctly, 
all associated samples must be re-amplified.  The positive control can be re-injected prior to re-
amplification to verify if the issue is PCR-based or related to the capillary electrophoresis set-up 
or injection. 

• All negative controls (reagent blanks and amplification negative control) show no labeled peaks 
indicating contamination.  Refer to the General DNA SOP for guidance if activity is detected in a 
negative control.  Each reagent blank must have acceptable results for data from the 
corresponding extraction set to be used.  The amplification negative control must have 
acceptable results for data from the corresponding amplification set to be used.  Additionally, 
each analyzer run must have at least one acceptable negative control.   

 
1.1.2.3.5 Examine all electropherograms for data quality and allele calls.  Refer to the 

discussion below for guidance on evaluating data and editing artifacts and 
microvariant calls.  

• It is acceptable to delete/rename artifacts within the GeneMapper project.  
• Right click on the peak or allele to be edited.  Choose either to Delete Allele or Rename 

Allele.  After making selection, a dialog box appears asking for a sample comment.  You 
must type in an explanation of the edit.  

• Deleting an allele marks it through with a cross out and allows it to be removed from the 
plot (i.e. pull up).  Renaming an allele leaves the allele but allows for the call to be 
changed (i.e. microvariant).   

• GeneMapper tracks changes.  When the “track changes” option is on, all alleles, including 
deleted ones, are displayed.  When “track changes” is turned off, only alleles that have not been 
deleted are displayed, including those that are renamed. 

• When plots are printed with the “track changes” turned off, the “Label Edit Viewer” entries 
must be printed.  The project must be saved before the table is populated with the latest 
changes. 

• To print the “Label Edit Viewer”, first save the project. 
• Select all samples in the Samples tab 
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• Go to View -> Label Edit Viewer 
• Select export and save the file 
• Open the file in excel and print 
• The table must be labeled with the project name and the date printed 
• This table must be initialed by both the writing analyst and the technical reviewer. 

• It is important to understand that when a sample is analyzed, all prior changes are overwritten 
and returned to the original state.  Re-analyze samples only if absolutely necessary and limit to 
only those samples necessary.   

 
1.1.2.3.6 Upon completion of analysis, save the project.  Print plots for all case 

samples and associated controls to be included in the case file.  Place in 
each case folder a printout of the complete GeneMapper project list for 
each run and the electropherograms (all 5 or 6 colors) for the positive 
control, negative control, and all samples and reagent blanks for that case.  
If an entire run is not used, it is not necessary to print the plots. However, 
the injection list must be included in the case file with an explanation as to 
why data was not used (e.g., no acceptable positive control).  Document 
each time injection parameters change, such as longer or shorter injection 
times.   

1.1.2.3.6.1 Electropherograms shall be marked with the following for all non-
probabilistically interpreted interpretable mixtures: 
• Any major/minor/trace distinctions 
• The minimum number of contributors or the finite number of 

contributors, if applicable 
• Any assumptions made in the interpretation of the data, such as 

the assumed contributor 
• Any deductions made using an assumed contributor 

 
Legend for Analyst’s Electropherogram Notes 

** May be attributed to elevated stutter 
 Minor alleles (circled) 

[ ] Trace alleles 
-- Allelic drop out or masking may be possible 

AC Assumed contributor 
EF Epithelial Fraction 

INC Inconclusive 
ND No Deduction 
NR No Results 
SF Sperm Fraction 
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1.1.2.3.6.2 When STR data for an extraction is not used for interpretation due to 
quality control issues, the case files must include, at a minimum, all 
associated examination documentation and a capillary 
electrophoresis grid for each injection.  

 
1.1.2.3.7 A second analyst must review the GeneMapper project independently and 

agree with the allele calls reported by the first analyst.  The second analyst’s 
initials and date on the injection list indicate a GeneMapper project review 
of the associated controls and samples within a case. 

 
1.1.2.3.8 In order to import GeneMapper allele calls into the allele chart of LIMS 

reports:  
• Select the case-specific samples to be exported in the sample tab (this must be 
performed for each case) 
• Go to Tools -> Report Manager 
• Ensure that LIMS Import Report is selected 
• Go to File -> Export 
• Save the file  
• Go to the allele chart panel in LIMS -> Import  
• Navigate to location of your saved GeneMapper export file->Open  
• Select Replace->OK to replace existing data or 
• Select Append->OK to add to existing table data 
 

1.1.2.3.9 Allele calls may also be manually entered into the LIMS allele chart panel. 
 

1.1.3 Artifacts and unusual results 
1.1.3.1 True alleles are defined as any peak that meets established threshold values, which 

is clearly visible above baseline noise, is of a size that falls within a defined category 
as determined by the GeneMapper program and is not an artifact.  Peaks other than 
true alleles may be detected on the electropherogram and labeled by GeneMapper.  
The source of these artifacts should be determined where possible.  If such a peak 
can be definitely identified as an artifact and the peak does not interfere with 
interpretation of the data, then the artifact can be described appropriately, and the 
data can be used for interpretation.  The presence of the artifact shall be 
documented on the plot or the Label Edit Viewer table.  A technical reviewer must 
agree with the analyst’s decision and shall initial the plot to indicate his/her 
agreement or the Label Edit Viewer. Disagreements between the analyst and 
technical reviewer must be brought to the DNA Technical Leader, the Assistant DNA 
Technical Leader, the Forensic Biology Manager, the DNA Interpretation Supervisor, 
or the Forensic Biology Training Coordinator for resolution. If an artifact or 
suspected artifact may interfere with interpretation, the data cannot not be used; 
the locus may be called inconclusive or the sample may be re-analyzed (re-inject or 
re-amplify) to resolve the issue.   
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It may not always be possible to conclusively attribute labeled activity to either being 
a true peak or an artifact.  For example, in a mixture with minor activity that also 
exhibits spectral failure (or pull-up), a re-injection may not provide conclusive 
evidence that a minor peak that could also be pull-up is artefactual or not.  In those 
instances, it may be most appropriate to label a peak as “inconclusive”.  Loci 
containing “inconclusive” activity shall not be included in statistics.   

 
1.1.3.2 Commonly observed artifacts include: 

1.1.3.2.1 Spikes: Spikes are sharp, narrow peaks generally present in all colors and 
occur at the same location. This is often caused by electrical anomalies. This 
can also be caused by air bubbles and urea crystals.   

 
1.1.3.2.2 Stutter: A stutter peak is a reproducible minor product peak usually four 

bases (1 repeat) shorter than the corresponding main allele peak.  Stutter 
products are the most common source of additional peaks in an STR sample, 
caused by a slipped-strand mispairing during PCR.  Rarely, stutter may be 
observed at two or three repeats shorter that the true allele, or one repeat 
greater than the true allele. Peaks in the minus 1 repeat position that fall 
below the maximum % stutter values (see the Identifiler Plus and GlobalFiler 
internal validation data) may be assumed to be stutter, and GeneMapper 
does not label these peaks.  If an apparent stutter peak exceeds the 
published maximum stutter percent, the sample must be carefully 
evaluated to determine if the peak may be a true peak or stutter.  In 
general, the percent stutter increases with allele length, specifically the 
uninterrupted sequence length. Forward stutter peaks generally exhibit a 
much lower percentage difference from the true allele than minus one 
repeat stutter peaks.  Both minus 1 repeat and plus 1 repeat stutter seem to 
be more common when excessive template DNA is amplified (when one or 
more of the critical components of the amplification master mix becomes 
limited or depleted, causing a loss of processivity).   

 
The following conditions generally lead to elevated stutter:  

• Using low amounts of amplifiable DNA during PCR amplification causing stochastic effects to 
lead to the increased amount of stutter products relative to the true allele peaks; stutter 
product generated during the early amplification cycles may be subsequently amplified in 
later cycles along with the true allele products, resulting in stutter peak activity that is 
higher than what is routinely observed in validation studies and casework where more 
optimal amounts and quality are amplified in the PCR.  (see 13.1.4 below for corrective 
action) During the stochastics study of the GlobalFiler validation, stutter was observed that 
exceeded the manufacturer’s recommended stutter percentages by over 20%.  Extreme 
caution should be used when examining stochastic data, specifically when attempting to 
determine a finite number of contributors. 
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• Loading excessive amounts of amplified DNA onto the genetic analyzer causing a 
phenomenon known as over-subtraction; over-subtraction can cause elevated pull-up, 
stutter and minus A peaks when the analysis software normalizes the true off-scale peak(s) 
but does not adjust the artifacts (because they are not off-scale).  This may also result in a 
loss of linearity in RFU increase when injection times are extended.  (see 13.1.4 below for 
corrective action) 

• Limited or pervasive conditions that affect the production of and amplification of the stutter 
products relative to the true allele template and products, also known as “preferential 
amplification”, even when performed under routine and optimal conditions, that may result 
in an increase in the percentage of the peak height observed for a stutter peak relative to 
the peak height observed for the true allele. 

• For mixtures in which minor contributors are determined to be present, a peak in stutter 
position (generally n-4) may be determined to be 1) a stutter peak, 2) an allelic peak, or 3) 
indistinguishable as being either an allele or stutter peak.  This determination is based 
principally on the height of the peak in the stutter position and its relationship to the stutter 
percentage expectations established by the laboratory.  Generally, when the height of a 
peak in stutter position exceeds the laboratory’s stutter expectation for a given locus, that 
peak is consistent with being of allelic origin and designated as an allele.  If a peak is at or 
below this expectation, it is generally designated as a stutter peak.  However, it could also 
be considered as a possible allelic peak, particularly if the peak height of the potential 
stutter peak(s) is consistent with (or greater than) the heights observed for any allelic peaks 
that are conclusively attributed (i.e., peaks in non-stutter positions) to the minor 
contributor(s).   

• Caution must be exercised when peaks in stutter position are observed in: 1) samples that 
show no other obvious indications of a second contributor; 2) mixtures from two or more 
contributors where all of the peaks observed are low or mixtures that can be deconvoluted 
into major and minor contributors, but the minor peaks also appear in stutter position; and 
3) samples with peaks observed in the stutter position with calculated stutter percentage 
only a few percentage points (1-5%) higher than the maximum percentage used for 
filtration.  The misidentification of stutter activity as real activity can result in an incorrect 
increase to the number of contributors to a given profile.  Peaks that cannot be conclusively 
attributed to stutter activity over true activity may be reported as “inconclusive”. 

• The following stutter tables represent the stutter filters employed by the GeneMapper ID-X 
software.  Evidence samples for which STRmix™ will be used must be analyzed without 
stutter filters prior to import into the STRmix™ software.  Reference samples for which 
STRmix™ will be used must be analyzed with stutter filters prior to import into the STRmix™ 
software.   

 
AmpFISTR® Identifiler® Plus Kit  

Marker Max Average StdDev Avg + 3 SD GM IDP Panel  HFSC Protocol 
D8S1179 8.74 5.31 1.17 8.82 10.32 10.32 
D21S11 8.68 6.72 0.79 9.08 10.67 10.67 
D7S820 7.10 4.87 1.00 7.88 9.69 9.69 
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CSF1PO 6.31 4.49 0.82 6.94 9.20 9.20 
D3S1358 12.80 7.29 1.26 11.07 12.27 12.27 
TH01 3.95 1.79 0.71 3.91 4.08 4.08 
D13S317 8.33 4.01 1.35 8.06 9.93 9.93 
D16S539 13.88 5.70 1.99 11.67 10.39 11.67 
D2S1338 12.63 7.15 1.29 11.03 12.44 12.44 
D19S433 8.98 6.55 0.76 8.82 11.21 11.21 
vWA 13.10 7.10 1.28 10.92 12.45 12.45 
TPOX 5.57 2.31 0.82 4.76 6.38 6.38 
D18S51 15.13 8.27 1.78 13.60 13.68 13.68 
D5S818 9.43 5.85 1.28 9.70 10.06 10.06 
FGA 17.65 8.46 2.21 15.09 13.03 15.09 

Bold values indicate higher percentages than developmental validation and therefore require 
adjustment to the GeneMapper Panel Manager. 
 
GlobalFiler Kit  

Marker Stutter 
Position (n) Average Standard 

Deviation 
Max 

Observed 

Average 
+ 3x 

Standard 
Deviation 

Manufacturer 
Recommended 

HFSC 
Protocol 

D3S1358 n-4 63 6.96% 0.98% 8.93% 9.90% 10.98% 10.98% 
vWA n-4 61 5.96% 1.77% 10.05% 11.27% 10.73% 11.27% 
D16S539 n-4 49 4.82% 1.30% 8.15% 8.72% 9.48% 9.48% 
CSF1PO n-4 54 5.19% 1.19% 10.11% 8.76% 8.77% 8.77% 
TPOX n-4 35 2.73% 0.78% 3.89% 5.07% 5.55% 5.55% 
D8S1179 n-4 72 5.77% 1.44% 9.46% 10.09% 9.60% 10.09% 
D21S11 n-4 69 6.52% 1.07% 8.88% 9.73% 10.45% 10.45% 
D18S51 n-4 72 6.53% 1.71% 12.59% 11.66% 12.42% 12.42% 
DYS391 n-4 14 5.27% 0.91% 7.28% 8.00% 7.43% 8.00% 
D2S441 n-4 74 4.54% 1.10% 6.80% 7.84% 8.10% 8.10% 
D19S433 n-4 66 6.04% 1.22% 9.75% 9.70% 9.97% 9.97% 
TH01 n-4 58 2.05% 0.63% 3.60% 3.94% 4.45% 4.45% 
FGA n-4 82 7.17% 2.16% 19.75% 13.65% 11.55% 13.65% 
D22S1045 n-3 77 6.89% 2.65% 11.89% 14.84% 16.26% 16.26% 
 n+3 54 3.91% 1.15% 7.12% 7.36% 6.69% 7.36% 
D5S818 n-4 63 5.28% 0.95% 8.26% 8.13% 9.16% 9.16% 
D13S317 n-4 62 4.22% 1.59% 7.72% 8.99% 9.19% 9.19% 
D7S820 n-4 61 4.08% 1.47% 9.25% 8.49% 8.32% 8.49% 
SE33 n-4 94 8.67% 1.74% 14.01% 13.89% 14.49% 14.49% 
 n-2 76 3.04% 0.96% 10.54% 5.92% 3.97% 5.92% 
D10S1248 n-4 62 6.80% 1.17% 9.73% 10.31% 11.46% 11.46% 
D1S1656 n-4 76 6.95% 1.82% 14.31% 12.41% 12.21% 12.41% 
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 n-2 44 1.46% 0.30% 2.37% 2.36% 2.45% 2.45% 
D12S391 n-4 63 7.23% 2.03% 12.30% 13.32% 13.66% 13.66% 
D2S1338 n-4 81 6.80% 1.66% 12.76% 11.78% 11.73% 11.78% 

Bold values indicate higher percentages than developmental validation and therefore require 
adjustment to the GeneMapper Panel Manager. 
 
GlobalFiler DNA Dependent Stutter Artifacts 

Marker Stutter 
Position (n) Average Standard 

Deviation 
Max 

Observed 

Average + 3x 
Standard 
Deviation 

HFSC 
Protocol 

D3S1358 
n+4 5 0.64% 0.35% 1.25% 1.69% 1.69% 
n-8 3 0.70% 0.23% 0.88% 1.39% 1.39% 

D16S539 n+4 1     0.72%   0.72%  
CSF1PO n+4 4 2.04% 1.79% 4.63% 7.41% 7.41% 

TPOX n+4 1     2.72%   2.72%  

D8S1179 
n+4 17 0.83% 0.38% 1.70% 1.97% 1.97% 
n-8 2 0.38% 0.04% 0.41% 0.50% 0.50% 

D21S11 
n+4 9 0.94% 0.20% 1.31% 1.54% 1.54% 
n-8 7 2.39% 1.70% 5.63% 7.49% 7.49% 

D18S51 
n+4 5 1.70% 0.78% 2.77% 4.04% 4.04% 
n-8 2 2.82% 2.38% 4.50% 9.96% 9.96% 

D2S441 n+4 11 0.84% 0.29% 1.54% 1.71% 1.71% 

D19S433 
n+4 4 1.56% 0.53% 2.03% 3.15% 3.15% 
n-8 1     1.12%   1.12% 

TH01 n-8 1     1.41%   1.41% 

FGA 
n+4 7 0.97% 0.36% 1.64% 2.05% 2.05% 
n-8 2 0.67% 0.30% 0.88% 1.57% 1.57% 

D22S1045 n-6 6 0.64% 0.32% 1.29% 1.60% 1.60% 

D5S818 
n+4 18 0.97% 0.28% 1.71% 1.81% 1.81% 
n-8 5 0.53% 0.06% 0.63% 0.71% 0.71% 

D13S317 
n+4 14 1.06% 0.66% 2.60% 3.04% 3.04% 
n-8 4 0.58% 0.15% 0.75% 1.03% 1.03% 

D7S820 n+4 2 0.38% 0.03% 0.40% 0.47% 0.47% 

SE33 
n+4 21 1.48% 1.34% 6.32% 5.50% 5.50% 
n-6 1     0.39%   0.39%  
n-8 7 0.68% 0.10% 0.83% 0.98% 0.98% 

D10S1248 
n+4 4 1.82% 1.31% 3.13% 5.75% 5.75% 
n-8 5 0.75% 0.47% 1.43% 2.16% 2.16% 
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D1S1656 
n+4 16 1.12% 0.61% 3.04% 2.95% 2.95% 
n-8 5 0.59% 0.08% 0.71% 0.83% 0.83% 

D12S391 
n+4 1     1.64%   1.64%  
n-8 2 0.65% 0.19% 0.79% 1.22% 1.22% 

D2S1338 
n+4 1     0.72%   0.72%  
n-8 5 0.62% 0.19% 0.76% 1.19% 1.19% 

 
 

1.1.3.2.3 Incomplete 3’(+A) nucleotide addition/Minus A:   PCR amplification results 
in the addition of a single “A” nucleotide at the 3’ end of double stranded 
PCR products, resulting in a product that is one bp longer than the actual 
target DNA sequence.  PCR reactions have been optimized to favor this “A” 
addition, but incomplete “A” addition may occur when excessive amount of 
target DNA is present, or in other conditions that are less than optimal for 
the PCR reaction.  Incomplete “A” addition, or “minus A” appears as a peak 
one bp shorter, and typically at a smaller peak height than the true allele.  
See the stutter discussion regarding over-subtraction.  

 
1.1.3.2.4 Pull-up/Matrix Failure:   Pull-up is the result of the instrument’s inability to 

completely separate the spectral components.  Pull-up is identified as a 
smaller peak of the same location as a true allele but in another color.  It is 
the result of either excessive DNA or a faulty spectral.  Complex pull-up 
occurs when a locus is heterozygous and the two peaks are within one 
repeat unit of each other.  This can cause a single bridge-like peak to be 
observed in another color channel.  See the stutter discussion regarding 
over-subtraction.  

 
1.1.3.2.5 Dye Blobs: Dye blobs occur when fluorescent dyes come off their respective 

primers and migrate independently through the capillary.  Dye blob 
morphology is generally characteristically broad, and not very “peak-like”. 

 
1.1.3.2.6 Non-DNA activity that cannot conclusively be attributed to one of the 

previously defined artifacts may be described generally, using terms such as 
“artifact”, “elevated baseline”, or “weak morphology”.   

 
1.1.3.3 Other GlobalFiler artifacts, published or observed during internal validation: 

 
Locus/Loci  Approximate 

size 
Cause Additional information 

Amelogenin 
and Yindel 

~94.5 bp likely caused by 
secondary structure or 

Typically observed at ~94.5 bp, at 0.3% to 0.7% of the parent 
peak, and does not fall within an allelic bin. Peak height is 
directly proportional to the peak height of the X allele peak.  
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non-STR amplification 
by-product 

Although the artifact peaks are typically present at low levels, 
they may be observed depending on DNA input amount and 
the peak detection threshold used for analysis. 
 
Source: developmental validation 

D2S1338 ~345 bp Unknown Sequencing revealed no homology with the human genome, 
nor did the NCBI BLAST search yield any significant matches to 
other genomes in the database. 
 
Source:  Thermo Fisher sequencing of HFSC amplicon 

Before 
D2S441 

~63 bp Probable cause is a DNA 
template independent 
artifact likely caused by a 
primer dimer  

Typical signal intensity is relative to the kit storage and usage 
conditions; not always reproducible upon re-amplification; may 
be caused or exaggerated by suboptimal kit storage or usage 
conditions, such as extended bench time at ambient 
temperature during PCR setup 
 
Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

D2S441 ~87 bp likely intrinsic to primer 
design, probably from a 
secondary structure or 2-
base slippage 

Typically observed at ~87 bp, at ~0.5% of the parent peak. 
 
Source: Thermo Fisher database and Thermo Fisher internal 
observations 

D2S441 ~92-100 bp probable cause is a DNA 
template independent 
artifact likely caused by a 
dye derivative (dye 
amide), which is a 
cleavage of the dye from 
the labeled primer at the 
amide linkage 

Typical signal intensity is <175 RFU; may be promoted by post-
manufacturing activities, such as repeated freeze/thaw cycles, 
extended use of the kit beyond recommended storage 
conditions, or the introduction of chemical factors (i.e., 
cleaning reagents)  
 
Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

D2S441 n-2 to n-2.5 
bp 

Probable cause is a DNA 
template dependent 
artifact likely caused by 
n-2 stutter or the 
formation of a secondary 
structure in the target 
sequence 

Signal intensity is relative to the DNA input amount (~0.5% of 
the parent peak height) 
 
 
 
Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

D3S1358 ~132 bp probable cause is non-
STR amplification by-
product 

Has been observed in samples; has not been observed in PCR 
negative controls.  Although the artifact peaks are typically 
present at low levels, they may be observed depending on DNA 
input amount and the peak detection threshold used for 
analysis. 
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Source: developmental validation 
Before 
D5S818 

~131 bp Likely a human 
microvariant associated 
with the D5S818 marker 

This artifact was found to be consistent with the D5S818 
marker during primer screening and the artifact sequence has 
homology with chromosome 5 of the human genome. 
 
Source:  Thermo Fisher sequencing of HFSC amplicon 

D5S818 ~142 bp 
 

probable cause is the 
presence and 
amplification of non-
human DNA 
 

Sequencing studies have shown that the amplicon produced is 
homologous to the Lachnoclostridium genome.  Has been 
observed in sample types potentially exposed to fecal matter, 
such as rectal and peri-anal swabs 
 
Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

D5S818 ~180 bp probable cause is non-
STR amplification by-
product 

Has been observed in samples; has not been observed in PCR 
negative controls.  Although the artifact peaks are typically 
present at low levels, they may be observed depending on DNA 
input amount and the peak detection threshold used for 
analysis.  Signal intensity relative to input amount, typically 
<175 RFU with a 1 ng template input 
 
Source: developmental validation, Thermo Fisher Scientific 
Technical Note dated November 29, 2017 

Before 
D7S820 

~250 bp probable cause is the 
presence and 
amplification of non-
human DNA 

Sequencing and an NCBI BLAST search revealed homology with 
the Porphyromonas asacchharolytica genome (bacteria). 
 
 
Source:  Thermo Fisher sequencing of HFSC amplicon 

D8S1179 ~114-121 bp probable cause is a DNA 
template independent 
artifact likely caused by a 
dye derivative (dye 
amide), which is a 
cleavage of the dye from 
the labeled primer at the 
amide linkage  

Typical signal intensity is <175 RFU; may be promoted by post-
manufacturing activities, such as repeated freeze/thaw cycles, 
extended use of the kit beyond recommended storage 
conditions, or the introduction of chemical factors (i.e., 
cleaning reagents)  
 
 
Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

D21S11 ~207 bp probable cause is the 
presence and 
amplification of non-
human DNA 

Has been observed in samples with low or undetermined 
quantitation results; has not been observed in PCR positive or 
negative controls. Sequencing studies have shown that the 
amplicon produced is homologous to yeast and fungal species 
commonly found in the environment, such as from plants, soil 
and decaying organic matter with no sequence homology to 
the human genome. 
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Source: developmental validation 

SE33 n-90 bp 
 

low level binding of the 
D3-unlableed primer to 
the SE33 region internal 
to the SE33 primer 
binding sites, specifically 
caused by a single 
nucleotide 
polymorphism that exists 
within a segment of the 
population of African and 
European descent 

Typically observed ~90 nucleotides before the parent SE33 
peak(s).  Sequencing studies have shown that the amplicon 
produced is homologous the human genome.  Signal intensity 
is relative to the amount of contributor present with the SNP 
(~15% to 30% of the parent peak height).  Depending on the 
location of the parent SE33 allele containing the SNP, the 
artifact could appear in D13S317, D7S820, or SE33. 
 
 
Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

SE33 ~352.5 bp probable cause is the 
presence and 
amplification of non-
human DNA 

Sequencing and an NCBI BLAST search revealed homology with 
the Kosakonia cowanii and Klebsiella pneumoniae genomes.  
 
Source:  Thermo Fisher sequencing of HFSC amplicon 

TH01 n-10 to n-12 likely caused by 
secondary structure 

There is a direct correlation between the signal intensities of 
the N-12 artifacts and the TH01 alleles with the artifact peak 
heights that range from 0.4% to 0.9% of the TH01 allele peak 
heights.  Although the artifact peaks are typically present at 
low levels, they may be observed depending on DNA input 
amount and the peak detection threshold used for analysis. 
 
Source: developmental validation, Thermo Fisher Scientific 
Technical Note dated November 29, 2017 

TPOX n-24 likely caused by 
secondary structure 

Although the artifact peaks are typically present at low levels, 
they may be observed depending on DNA input amount and 
the peak detection threshold used for analysis. 
 
Source: developmental validation 

vWA  ~204 bp probable cause is the 
presence and 
amplification of non-
human DNA 
 

Has been observed in samples with low or undetermined 
quantitation; has not been observed in PCR positive or 
negative controls.  Sequencing studies have shown that the 
amplicon produced is homologous to yeast and fungal species 
commonly found in the environment with no sequence 
homology to the human genome. 
 
Source: developmental validation 

Y Indel ~84 bp probable cause is the 
presence of non-STR 
amplification by-product 

Can vary in peak height from lot to lot and sample to sample 
but typically <175 RFU with a 1 ng template; may be observed 
in male and female samples 
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Source: Thermo Fisher Scientific Technical Note dated 
November 29, 2017 

D3S1358 ~126-127 bp Probable cause: DNA 
template independent 
artifact likely caused by a 
dye derivative, which is a 
cleavage of the dye from 
the labeled primer 

<175 RFU.  May be promoted by post-manufacturing activities, 
such as repeated freeze/thaw cycles, extended use of the kit 
beyond recommended storage conditions, or the introduction 
of chemical factors (for example, cleaning reagents). 
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

D16S539 ~228 bp Probable cause: sample 
dependent artifact likely 
caused by the presence 
and amplification of non-
human DNA in the 
sample 

Typical signal intensity: relative to the amount of non-human 
DNA present; Most likely source of the artifacts is cross-
reactivity with some species of pig or wild boar DNA. 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

N/A ~94 bp Probable cause: DNA 
template dependent 
artifact likely caused by a 
non-STR amplification 
byproduct or formation 
of a secondary structure 
in the target sequence 

Typical signal intensity: relative to DNA input amount (~0.3% to 
0.7% of the X peak height) 
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

N/A ~95 bp Probable cause: sample 
dependent artifact likely 
caused by the presence 
and amplification of non-
human DNA in the 
sample 

Typical signal intensity: relative to the amount of non-human 
DNA present; Most likely source of the artifacts is cross-
reactivity with some species of pig or wild boar DNA. 
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

SE33 ~424 bp Probable cause: sample 
dependent artifact likely 
caused by the presence 
and amplification of non-
human DNA in the 
sample 

Typical signal intensity: relative to the amount of non-human 
DNA present; Most likely source of the artifacts is cross-
reactivity with some species of pig or wild boar DNA 
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

D8S1179 ~124 bp Probable cause: sample 
dependent artifact likely 
caused by the presence 
and amplification of non-
human DNA in the 
sample 

Typical signal intensity: relative to the amount of non-human 
DNA present; Has been observed in a variety of crime scene 
related sample types (for example, mop/broom fringe, 
cigarette butts, and skin swabs). Sequencing studies have 
shown that the artifact sequence has partial homology to 
bacterial species commonly found in soil and aquatic 
environments with no sequence homology to the human 
genome. 
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Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

D8S1179 ~113 bp Probable cause: DNA 
template independent 
artifact likely caused by a 
dye derivative, which is a 
cleavage of the dye from 
the labeled prime 

<20 RFU, when kit is stored per recommendation; Artifact 
grows slowly over time but is not expected to be higher than 
50 RFU unless kit reagents are stored improperly or used 
beyond the in-use time limits/expiration date.  
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

D18S51 ~286 bp Probable cause: sample 
dependent artifact likely 
caused by the presence 
and amplification of non-
human DNA in the 
sample 

Typical signal intensity: relative to the amount of non-human 
DNA present; Observed in a swab of the fringe of a 
mop/broom. Sequencing studies have shown that the artifact 
sequence has partial homology with the Pseudomonas putida 
bacterium. 
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

D18S51 N-2 bp Probable cause: DNA 
template dependent 
artifact (N-2 stutter) 
caused by a dinucleotide 
repeat stretch in the 
flanking region 

Typical signal intensity: relative to DNA input amount (~2-4% of 
the parent peak height). This N-2 stutter is observed less 
frequently than traditional N-4 stutter. 
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

DYS391 N-5 bp Probable cause: DNA 
template dependent 
artifact likely caused by 
polymerase slippage 
(atypical stutter) due to a 
repeating nucleotide 
region within the target 
sequence range 

Typical signal intensity: N/A – to date, the artifact has only 
presented as a shoulder of the typical N-4 stutter peak.  
 
Source: Thermo Fisher Scientific Technical Note dated May 
11,2020 

 
Activity that is suspected to be artefactual in nature but is not listed above must be reported to the DNA 
Technical Leader.  The sample may be re-injected and/or re-amplified in an effort to reproduce the 
questionable activity.  
 

1.1.4 Microvariants 
1.1.4.1 Microvariants are true alleles that vary by fewer than 2 or 4 bp from the typical 

repeating unit.  The designation of alleles containing an incomplete repeat unit, 
falling within the range spanned by the ladder alleles includes the number of 
complete repeats, a decimal point, and then the number of base pairs in the 
incomplete repeat (e.g. 9.3 for a TH01 allele with 9 full repeats plus three more 
bps).  The determination of the number of additional bp present in a microvariant is 
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made by comparing the bp size of the off-ladder peak with the bp size of the 
flanking alleles in the allelic ladder.  If the locus is heterozygous, evaluate the sister 
allele to help establish whether the off-ladder allele is truly a microvariant, or simply 
off-ladder due to electrophoretic drift. 

 
If an allele is sized smaller than or larger than the smallest or largest ladder allele at a 
locus, and not in a virtual bin, it shall be designated as greater than or less than the 
appropriate ladder allele (i.e. > 11 for TH01).  Any allele designated as off-ladder by 
GeneMapper and not determined to be an artifact is verified by re-injection or re-
amplification.  If the microvariant appears in multiple evidence samples from the 
same case otherwise having the same profile, or the microvariant is also contained in 
the DNA profile of an assumed contributor that is consistent with the evidence, it is 
not necessary to re-inject the evidence or the assumed contributor’s reference.  It is 
also not necessary to re-inject a microvariant that was filtered out as stutter but 
becomes apparent when interpreted without a filter for STRmix™ interpretation 
(e.g., filtered n-2 stutter at D1S1656); the stutter OL must be renamed with the 
appropriate allele call prior to STRmix™ interpretation.  Because every measure is 
taken to interpret evidence samples prior to reference samples, the presence of a 
microvariant in an associated known sample does not suffice for confirmation in a 
single evidentiary profile, as the evidence is interpreted before and separate from 
any associated knowns in the case.  A reference that contains a microvariant does 
not need to be re-injected if: 1) it is consistent with evidence that has already been 
re-injected for confirmation; or 2) it is consistent with an evidentiary profile that is 
observed in multiple evidence samples. 
 
If a mixture or partial profile has been evaluated and determined to be  
uninterpretable but contains an off-ladder allele, the analyst may choose to forgo  
the confirmation process (e.g., re-injection) and report the allele as “INC”.  This  
option would only be exercised when the act of confirming the off-ladder allele  
would not aid in the interpretation of the mixture or partial profile and no future  
comparisons to the mixture or partial profile can be foreseen.   

 
It is recommended that analysts visit http://www.cstl.nist.gov/strbase/var_tab.htm 
(Variant Allele Reports) for a given off-ladder allele.  Supporting documentation 
should be included in the case record.   
 
It is possible for alleles to fall outside the range of their locus and to be detected in  
the size range of a neighboring locus (e.g., an allele 25 in locus D3S1358 would be  
detected in the lower range of locus vWA). 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 determining to which locus the allele belongs. The interlocus allele will then be  

http://www.cstl.nist.gov/strbase/var_tab.htm
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renamed as greater than or less than the appropriate ladder allele for the designated  
locus.  Supporting documentation should be included in the case record.  If the locus  
to which the interlocus peak cannot reasonably be determined, one or both of the  
loci may be reported as inconclusive. 

 
1.1.5 Degradation  

1.1.5.1 DNA degradation is a process in which DNA molecules randomly break down into 
smaller pieces. This becomes problematic for forensic DNA typing when it occurs 
within the target DNA sequences of PCR. If the DNA has been degraded or damaged 
at these locations, sister peak height imbalance, abnormally high stutter product(s), 
allele dropout, and/or locus dropout may be observed. Typically, degraded profiles 
will display a downward sloping or “ski-slope” pattern from left to right for each 
dye. This pattern is due to the larger/longer loci being more likely to contain a break 
due to degradation than the smaller loci. 

1.1.5.1.1 If degradation is suspected, the sample may be re-amplified with more DNA. 
To prevent “over-blowing” the sample, proceed with caution with profiles 
that contain higher RFUs.  
 

1.1.6 Inhibition  
1.1.6.1 The presence of inhibitors may manifest itself by the failure to produce results at 

some or all loci and may mimic results seen when degradation is present. Samples 
containing inhibitors often produce partial profile results in which the smaller loci 
drop out before the larger loci. 

1.1.6.1.1 If inhibition is suspected, the sample may be diluted and reamplified. 
 

1.1.7 DNA Quality 
1.1.7.1 Profile characteristics in combination with the results obtained using the 

Quantifiler® Trio DNA Quantification Kit can aid in determining the DNA quality, with 
respect to both the DNA degradation level and the inhibition level (See the DNA 
Analytical Procedures SOP). Consult with the DNA Technical Leader, the Assistant 
DNA Technical Leader, the Forensic Biology Manager, the DNA Interpretation 
Supervisor, or the Forensic Biology Training Coordinator prior to reprocessing a 
sample with suspected degradation or inhibition.  
 

1.1.8 Re-analysis and Additional Analysis 
1.1.8.1 Any step in the process with unacceptable controls (as defined in this SOP) must be 

rerun.  Refer to the General DNA SOP (Quality Assurance) for instructions on 
investigation and reanalyzing samples where contamination is detected or is 
suspected.  Data from analysis with unacceptable controls may not be used for 
interpretation.  

 
The analytical threshold is the “minimum height requirement at and above which detected 
peaks can be reliably distinguished from background noise”8.  Peaks above this threshold are 



      Biology/DNA  
DNA Interpretation SOP 

Biology/DNA Division 
  
 

 
DNA Interpretation SOP Document ID: 25414 
Issued By: Section Technical Leader  Issue Date: May 17, 2021 
Uncontrolled When Printed Page 25 of 26 
 

generally not considered noise and are either artifacts or true alleles.  The analytical 
threshold for Identifiler Plus amplifications is 50 RFUs.  The analytical thresholds for 
GlobalFiler are color-specific:  
 

Dye Color Minimum Analytical Threshold (RFU) 
Blue 80 

Green 60 
Yellow 70 

Red 60 
Purple 60 

 
The limit of detection (LOD) is defined as the threshold at which signal in the form of data 
peaks can be reliably distinguished from noise.  The limit of quantitation (LOQ) reflects a 
point at which signal can be reliably quantified (e.g., subject to allelic designation).  Because 
a signal just above the LOD is likely contaminated with some noise, it should not be used in 
quantitation comparisons until it also exceeds the LOQ(13).  Both LOD and LOQ can be 
considered the analytical threshold, but HFSC considers the LOQ the analytical threshold.  
The LOD, or minimum peak detection threshold, can be used in the analysis of negative 
controls, including reagent blanks and amplification negatives, to investigate possible 
activity.  Activity that does not exceed the minimum peak detection threshold (LOD) or the 
analytical threshold (LOQ) will not generally be considered contaminating DNA; however, 
the quantity of peaks and peak morphology will be taken into consideration when activity 
below the minimum peak detection threshold (LOD) or the analytical threshold (LOQ) is 
observed in any negative controls. 

 
Interpretive caution must be used when activity is observed below all analytical 
thresholds. 
 
If low levels of DNA provide insufficient data or data below the analytical or 
stochastic threshold upon initial analysis, the analyst may choose any of the 
following (as long as relevant maximums specified in the SOP’s are not exceeded): 

• Re-amplify the sample with more template DNA (or less template DNA, if 
inhibition is suspected). 

• If multiple sets of data are available for a given sample extract due to re-
amplification or re-injection, the concordance of the genotyping results 
must be evaluated.  The profile with the higher/highest quality of data 
will generally be reported, which may not always be the data with the 
most labeled alleles.  However, composite profiles for interpretation and 
CODIS entry may be generated from the multiple STRmix deconvolutions.  
Consult with the DNA Technical Leader, the Assistant DNA Technical 
Leader, the Forensic Biology Manager, the DNA Interpretation Supervisor, 
or the Forensic Biology Training Coordinator prior to reporting a 
composite profile. 
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1.1.8.2 The associated reagent blank and amplification negative control must also be 

subjected to the same concentration and injection conditions as required by the 
forensic sample(s) containing the least amount of DNA.   

 
1.1.8.3 Samples with excessive RFUs (>~4000 RFUs on the 3130xl, >~13,000 RFUs for 

heterozygous peaks on the 3500xl, and >~26,000 RFUs for homozygous peaks on the 
3500xl) must be interpreted with caution.  Excessive template DNA can make data 
interpretation difficult with a greater propensity for pull-up/matrix failure, as well as 
possible non-specific amplification.  A phenomenon known as over-subtraction 
could cause elevated pull-up, stutter and minus A peaks when the analysis software 
normalizes the true off-scale peak(s) but does not adjust the artifacts (because they 
are not off-scale).  This may also result in a loss of linearity in RFU increase when 
injection times are extended.  Re-evaluate the quantification data to ensure the 
correct amount of template was amplified.  The sample may be re-analyzed to 
obtain suitable data through any of the following: 

• Dilute the amplified product in TE buffer, add 1 µl to the formamide/LIZ 
mixture, and re-inject  

• Re-amplify the sample with less template DNA. 
 

1.1.8.3.1 Results with artifacts that interfere with interpretation may be re-analyzed 
as needed to resolve the issue: 

• Artifacts resulting from poor electrophoresis may simply be re-injected. 
• Artifacts resulting from excessive DNA may be re-injected, diluted and re-injected, or re-

amplified with less DNA.   
• Artifacts that are a result of poor amplification, such as excessive –A, are typically resolved best 

by re-amplification. 
• Pull-up due to a poor spectral can only be resolved by running a new spectral or performing 

other instrument maintenance. 
 

 
1.2 Interpretation Guidelines 

 
1.2.1 These guidelines are based on validation studies, published scientific literature, and the 

experience of the analyst. Not every situation can nor should be covered by a specific 
rule and situations may occur that require an analyst to deviate from stated guidelines. 
It is to be expected that these interpretation guidelines will evolve as the collective 
experiences of the laboratory and forensic community in general continue to grow. 
 

1.2.2 Verification shall be performed on new mixture interpretation protocols. When 
modifications are made to existing protocols, the technical leader will assess if a 
verification is necessary and this assessment shall be documented.  
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1.2.3 Results and conclusions from DNA analysis must be scientifically supported by the 
analytical data with appropriate standards and controls.  Interpretations are made as 
objectively as possible.   Expectations of alleles per locus, heterozygous peak height 
ratios, and major/minor ratios are stated below.  It is expected that limited variance 
from these values may occur.  Analysts shall utilize their training and experience to 
address these variances.  Both the reporting analyst and reviewer shall agree on all 
variances that are accepted.  If an agreement between the reporting analyst and 
reviewer cannot be reached, consultation with a more experienced analyst or supervisor 
may help.  If an agreement is still not reached, the variance shall be brought to the 
attention and decision of the Technical Leader.  Case documentation including, but not 
limited to, any and all assumptions must be sufficient for another experienced analyst to 
identify and understand the deviation from stated guidelines.    

 
1.2.3.1 Evidentiary samples are to be completely evaluated prior to the evaluation of any 

reference samples that are to be compared, with the exception of intimate samples 
and the assumed contributor (an individual whose DNA on an item of evidence is 
reasonably expected).  The decision to attempt to develop a profile further through 
re-injection or re-amplification is made without knowledge of the known profile for 
comparison, other than those of assumed contributors.   
 

1.2.3.1.1 Intimate samples are those in which it is expected that a known contributor 
may be found on the evidence. These include, but are not limited to, 
samples contained in a sexual assault kit that were collected from the body 
of the complainant, clothing removed from the complainant or suspect, and 
swabs taken directly from the body of an individual.  Conclusive 
documentation from the submitting agency must exist for a sample to be 
considered intimate.  The medical report contained within a sexual assault 
kit will suffice for documentation of items collected as part of the sexual 
assault examination.   

1.2.3.1.1.1 For manual mixture interpretation, the DNA Technical Leader, the 
Assistant DNA Technical Leader, the Forensic Biology Manager, the 
DNA Interpretation Supervisor, or the Forensic Biology Training 
Coordinator must approve all intimate samples other than those listed 
above, as well as any non-intimate items for which a contributor will 
be assumed. 

1.2.3.1.2 There may be rare situations where it is not possible to identify 
abnormalities in the evidentiary profile prior to interpretation and the 
unmasking of reference profile data (e.g. failure to recognize possible tri-
allelic patterns). If, after unmasking information contained within a 
reference profile, it appears that the original interpretation may be 
affected by the presence of abnormalities, the evidence profile may be re-
evaluated. Documentation must be included in the case file as to why a 
particular locus or profile was re-evaluated.   
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1.2.3.1.3 Fractions of a differential may be used to interpret each other (i.e., a single-
source or single-source major profile may be used to deduce the obligate 
alleles of a second contributor in the corresponding fraction for the same 
differential extraction) 

 
 

The following guidelines define criteria for determining interpretable or uninterpretable profiles: 
 

1.2.3.2 Types of Profiles 
1.2.3.2.1 A number of different types of profiles may be obtained from evidence 

samples.  The comparisons with references that can be made are 
determined by the type of profile.  

 
1.2.3.2.2 No profile: No DNA results obtained at all.  No comparison can be made to 

reference samples. 
 

1.2.3.2.3 Uninterpretable: Data obtained, but insufficient for comparison.  This may 
be due to data at too few loci, data below the stochastic threshold, or when 
the overall quality of the data is questionable.  Indistinguishable mixtures 
that contain excessive contributors may also be uninterpretable.  No 
comparison can be made to reference samples. 

 
1.2.3.2.4 Unsuitable for comparisons: uninterpretable results or those that fail to 

meet quality assurance requirements and as a result are not usable for 
comparisons. Otherwise, if a profile is deemed interpretable, it is also 
suitable for comparisons.  

 
1.2.3.2.5 Single source profile:   

• It is expected that a single individual should have no more than two alleles per 
locus 
• If a sample has a third peak at just a single locus, with no other indication of 

a mixture, this may indicate an unusual mutation present in that individual 
(i.e. tri-allelic). Such a profile may be still considered single-source but must 
be interpreted with caution.  The sample may be re-injected, re-amplified, 
or re-extracted at the analyst’s discretion.  

• It is expected that a single individual should exhibit a heterozygous peak 
height ratio of >60%.  The peak height ratio (PHR) is calculated by dividing 
the peak height of an allele with a lower RFU value by the peak height of an 
allele with a higher RFU value, then multiplying by 100 to express the PHR 
as a percentage.  Possible contribution of stutter is not subtracted prior to 
application of this 60% criterion. If a sample has unbalanced peak heights 
with no other indication of a mixture, the sample may also be considered 
single-source but must be interpreted with caution. 
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• Full single source profiles shall be entered into the Forensic Unknown 
category of CODIS.  However, single alleles submitted to CODIS must be 
marked as partial if they are detected below the stochastic threshold or if 
activity below the analytical threshold is observed, in which case the profile 
will be entered as a Forensic Partial.   

• The determination of which alleles/loci are suitable for comparison and 
statistical analysis should be made prior to comparison to the known 
profiles and documented in the casefile.  
 

1.2.3.2.6 Inclusions with profiles can be made with respective statistics calculated 
and reported on probative samples. Without an explained reason, inclusions 
must account for all alleles present. Exclusions with full profiles can be 
made if the individual being compared differs from the evidentiary profile at 
any one locus.  If one or few non-matches are observed, evaluate the 
profiles carefully for evidence of dropout or artifacts that may have resulted 
in the non-match. 

1.2.3.2.6.1 In the event of a single mis-match between a single source sample 
and an associated reference, the analyst should take into account 
possible alleles below the analytical threshold indicating the presence 
of a mixture and/or the presence of a drop-in event prior to declaring 
an exclusion. A STRmix deconvolution may assist in this assessment. 

 
1.2.3.2.7 Partial profiles: Partial profiles exhibit allelic or locus dropout in some loci 

tested and can result from insufficient, degraded, or inhibited DNA.  
Typically, smaller loci amplify better under these conditions and larger loci 
tend to drop out.   Extremely low levels of template DNA may also lead to 
stochastic effects which may under-represent one allele of a heterozygous 
locus.  Again, care must be taken to ensure that non-matches are not a 
result of drop-out.   For partial profiles, the determination of which 
alleles/loci are suitable for comparison and statistical analysis should be 
made prior to comparison to the known profiles and documented in the 
casefile.  

 
Partial profiles shall be entered into the Forensic Partial category of  
CODIS.  As with full single source profiles, single alleles submitted to CODIS 
must be marked as partial if they are detected below the stochastic 
threshold or if activity below the analytical threshold is observed. 

 
1.2.3.2.8 Mixtures: Evidence samples may contain DNA from more than one 

individual. A mixture can consist of full and/or partial profiles from multiple 
individuals.  One or more of the following may indicate the presence of a 
mixture: 

• Greater than two alleles at a locus, excepting tri-allelic loci. 



      Biology/DNA  
DNA Interpretation SOP 

Biology/DNA Division 
  
 

 
DNA Interpretation SOP Document ID: 25414 
Issued By: Section Technical Leader  Issue Date: May 17, 2021 
Uncontrolled When Printed Page 30 of 31 
 

• A peak at the stutter position of significantly greater RFUs than is typically 
observed. 

• Peak height ratios between a single pair of allelic peaks for one or more 
loci are below the empirically determined heterozygous peak height 
ratio expectation  

• Clear evidence of additional allelic activity below analytical threshold.   
• Caution must be used if only a single example of a mixture is observed.   
• The determination of which alleles/loci are suitable for comparison and 

statistical analysis should be made prior to comparison to the known 
profiles and documented in the casefile.  

 
1.2.3.2.9 Composite Profiles 

1.2.3.2.9.1 Composite profiles from the same DNA extract may be reported if a 
single amplification does not provide a more complete DNA profile 
over the other amplification(s).  Consult with the DNA Technical 
Leader, the Assistant DNA Technical Leader, the Forensic Biology 
Manager, the DNA Interpretation Supervisor, or the Forensic Biology 
Training Coordinator prior to reporting a composite profile. 

1.2.3.2.9.2 A composite profile may be a single-source profile or a single-source 
deduction. 

1.2.3.2.9.3 The composite profile that will be used for interpretation must be 
clearly documented in the case record, along with any alleles/loci that 
are suitable for statistics, prior to any comparisons and/or CODIS 
entry. 

1.2.3.2.9.4 Any composite profiles used for interpretation must be clearly 
identified as such in the DNA report. 
 

Number of Contributors (NOC) 
 

• Generally, the counting of alleles at the locus that exhibits the greatest number of allelic peaks 
can provide guidance towards determining the minimum number of contributors.  For example, 
if at most five alleles are observed at a locus, then the DNA results are consistent with having 
arisen from at least three individuals.  Proceed with caution when only one allele in the entire 
sample would lead to an increased number of possible contributors, as stutter, imbalance, and 
the potential for a tri-allele can complicate mixture interpretation.  Loci more likely to exhibit a 
tri-allele pattern are D18S51, D21S11, FGA, TPOX, and vWA. 

 
• While counting allele peaks is very useful in determining a minimum number of contributors, 

the analyst must also consider allele sharing between individuals and allelic dropout may result 
in an underestimate of the actual number of contributors.   
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• Determination of a finite number of contributors may be possible based on analysis of the data.  
Number of alleles per locus, peak height balance, and Y-STR data may further support the 
assumption of the number of contributors.   

 
• The information at all loci across the profile must be used in evaluating the number of 

contributors and in determining their relative proportions.  The number of contributors chosen 
for the interpretation should be the most likely number required to reasonably explain the 
observed profile. Assumptions as to the number of contributors should be based on the most 
reasonable interpretation of the data. 
 

• Using a known reference to account for alleles in an intimate sample can aid in determining the 
number of contributors, including samples that may otherwise be uninterpretable, such as a 
complex mixture.   

 
• Assessing the number of contributors in mixtures of DNA becomes more difficult with increasing 

numbers of contributors.  Additional caution must be used when evaluating complex mixtures. 
 

• If the analyst cannot reasonably assume a set number of contributors, the sample will be 
reported as “at least” the number of contributors observed based upon maximum allele 
count/peak height ratios and will be declared unsuitable for probabilistic comparison purposes. 

 
• If the evidence is assumed to consist of two or more close biological relatives, utilizing allele 

counts may underestimate the true number of contributors to the evidence due to the high 
degree of allele sharing. 

 

• All unambiguous alleles above the analytical threshold, including those that do not meet or 
exceed the stochastic threshold, shall be used when assessing a finite or a minimum number of 
contributors to a DNA mixture.   
 

• When data above the analytical threshold is consistent with a single contributor, but data is 
observed below the analytical threshold that may suggest an additional contributor(s), this 
information shall not be used to quantify the number of contributors but shall be communicated 
in the DNA report (e.g., Data was observed below threshold that could indicate an additional 
contributor(s).).  

 
 
Two types of mixtures may be observed: 
• Mixture with Major/Minor Contributors 

o For non-probabilistic interpretation, some mixed source profiles may be clearly 
deconvoluted into major and minor components.  A major component may consist of a 
single contributor or may be comprised of a mixture of two or more contributors.  Major 
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components of a single contributor in a two-person mixture should abide by the guidelines 
of a single source profile, including a heterozygous peak height ratio of approximately 60%.  

 
o Identification of a major component can be fairly straightforward when it is two-person 

mixture, the major is a single contributor, and the ratio of individuals is 4:1 or greater.  As 
the ratio moves closer to 1:1, or the number of contributors increases, it can become more 
difficult to distinguish the major component.   

 
o A major component can be identified by several means.  If the highest minor peak is less 

than ~ 35% for Identifiler Plus amplifications and ~25% for GlobalFiler, or the ratio of 
major/minor components can be considered and be ~4:1 or greater.   

 
Determining major/minor using peak height ratio: 

 
Divide the peak height of the tallest “minor” allele with the peak height of the shortest “major” allele 
and then multiply this value by 100 to express the PHR as a percentage.  It is acceptable practice to 
truncate to the whole number for major/minor peak height ration calculations (e.g., 25.6% can be 
treated as 25%).   

 
Determining major/minor using a ratio: 

 
Easiest to start with loci that have four alleles. 
(964+850): (240+195) 
1814: 435 
4.2: 1 
(Assuming only 2 contributors) 

 

 
 
Use “known contributor” profile to assign alleles. 
Known is 14,19 
Unknown can most reasonably be assumed to be 15,16 
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(201+143) : (115+141) 
344 : 256 
1.3 : 1 
(Assuming only 2 contributors) 

 

 
 
If “known contributor” is homozygous, look at loci with three alleles. 
Known is 16,16 
Unknown can most reasonably be assumed to be 15,17 
(580) : (934+974)  
508 : 1908  
1: 3.3 
(Assuming only 2 contributors) 

 

 
 

What if minor is shared? 
(580+580) : (934+(1554-580))  
1160: 1908  
1 : 1.6 
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(Assuming only 2 contributors) 

 
Examine Amelogenin if mixture is female:male 
Visually this appears to be approximately 6:1 ratio of contributors 
1125:172 
6.5:1 
 
HOWEVER, keep in mind that the X is shared between both contributors 
(1125 – 172) : (172 + 172) 
953:344 
2.8:1 
 
Estimated ratio of contributors based on the assumption that the X and Y alleles of the male contributor 
are at 100% PHR 

 
 
• Various combinations of homozygous and heterozygous genotypes of the major and minor 

components, along with allelic sharing between contributors, may influence the balance such that 
the 35% (Identifiler Plus) or 25% (GlobalFiler) or 4:1 parameter may be exceeded or insufficient to 
truly identify a major component.  No prior adjustment for stutter is assumed but it is considered as 
a possibility.  Stutter from a major allele(s) may cause an artificial imbalance in the PHR calculation 
results of minor genotypes.   Contribution from a minor allele(s) may cause an artificial imbalance in 
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the PHR calculation results of major genotypes due to allele stacking. As the number of contributors 
to a mixture increases, this effect may become more pronounced. 

 
• As RFUs approach the stochastic range (<1,000 RFUs for a 2-person mixture and <1,500 RFUs for a 

3+ mixture), consideration must be given to greater heterozygous imbalance within a contributor.  
Imbalance along with allele sharing could create a false major contributor within a locus. 

 
• If evaluation of the overall profile suggests the major and minor contributors may have “flipped” or 

if unexpected imbalance in a known contributor is observed, extreme caution must be employed 
when deconvoluting into major and minor components. 

 
• It is permissible to have a major component that may not be identified at all loci.  If a major 

component is not identified at all loci, then caution must be used when deciding to consider the 
profile a major/minor mixture versus an indistinguishable mixture. This is especially true as the 
number of contributors increases.  A major component may be identified when a majority of STR 
loci (at least eleven GlobalFiler STR loci, not including YIndel, Amelogenin and/or DYS391) meet the 
major/minor PHR or ratio thresholds.   

 
• If a major component is not identified at all loci, and a known DNA profile is not available for 

deduction, the profile shall be entered into CODIS in either the Forensic Partial or Forensic Mixture 
category.  For the loci where the major component is not identified, a CODIS entry is not allowed 
without approval of the DNA Technical Leader, the Assistant DNA Technical Leader, the Forensic 
Biology Manager, the DNA Interpretation Supervisor, or the Forensic Biology Training Coordinator. 
 

• A mixture assumed to be of three contributors must have a major (single or multiple contributors) at 
all loci or the approval of the DNA Technical Leader, the Assistant DNA Technical Leader, the Forensic 
Biology Manager, the DNA Interpretation Supervisor, or the Forensic Biology Training Coordinator.  
Due to the uncertainty introduced in complex mixtures from allele sharing/stacking, major/minor 
deconvolutions should adhere to the 60% PHR of a single-source profile and the 25% PHR criteria of a 
major/minor deconvolution, without the subtraction of possible stutter, at a minimum of sixteen of 
the twenty-one STR loci.  However, the presence of an assumed contributor may reduce the 
complexity of the data, permitting the use of data that does not adhere to these criteria.  Any such 
deviations shall be approved. 

 
• A mixture assumed to be of four contributors must have a major (single contributor) at all loci or the 

approval of the DNA Technical Leader, the Assistant DNA Technical Leader, the Forensic Biology 
Manager, the DNA Interpretation Supervisor, or the Forensic Biology Training Coordinator.  Due to 
the uncertainty introduced in complex mixtures from allele sharing/stacking, major/minor 
deconvolutions should adhere to the 60% PHR of a single-source profile and the 25% PHR criteria of a 
major/minor deconvolution, without the subtraction of possible stutter, at a minimum of sixteen of 
the twenty-one STR loci.  However, the presence of an assumed contributor may reduce the 
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complexity of the data, permitting the use of data that does not adhere to these criteria.  Any such 
deviations shall be approved. 

 
• Not all alleles of a minor component to a mixture may be determined since minor component alleles 

may be masked.   
 
• After deconvolution, the DNA typing results attributed to a single minor contributor should also 

meet PHR expectations. The PHR expectations of a minor contributor may be reduced due to 
stochastic peak height variation and the additive effects of peak sharing (e.g., minor peak and 
stutter peaks).  While imbalance may be explained by stochastic variation and sharing, excessive 
imbalance may also be evidence of more than one minor contributor. 

 
• Determination of a single genotype for a minor contributor may be possible at only some loci 

because multiple possible genotypic combinations, potential allelic dropout, and/or masking of the 
minor contributor’s alleles by those of the major contributor or by stutter from the major 
contributor’s alleles preclude such determination at other loci.  When overall the minor contributor 
is in the stochastic range, only distinctly foreign activity shall be deduced, as evaluating balance for 
sharing is less reliable in the stochastic range. 

 
• Consideration must be given to the possibility of the “swapping” of the major and minor 

contributors should one of the components exhibit evidence of degradation.  If the major 
component is degraded, what appears to be from the major contributor at the loci of shorter 
fragments could appear to be from the minor component at the loci of longer fragments. 

 
• Trace alleles may also be detected in a mixture.  Trace alleles are minor to a minor component.  

They are called when the highest trace allele is less than 35% (Identifiler Plus) or 25% (GlobalFiler) of 
the lowest minor allele.  An allele that meets this designation may not be a trace allele if the mixture 
does not appear to be greater than two individuals.  Extreme caution must be exercised when trace 
alleles are observed and they are close to the 35% or 25% threshold.   

 
• Mixtures with indistinguishable contributors (unresolved mixture) 

• A mixture must be considered indistinguishable when the major and minor components cannot 
be distinguished because of signal intensities.  Individuals may still be included or excluded as 
possible contributors to the mixture. All interpretable loci are used in evaluating whether a 
person is included or excluded as a possible contributor.  When evaluating whether a person 
should be excluded as a possible contributor, if an allele is not present at a locus, care must be 
taken to consider whether the allele may be missing due to drop-out.   This determination can 
be difficult to make and consultation with a more experienced analyst or supervisor may be 
helpful.  Such consultations shall be documented in the case file with the initials of the 
consulted person(s) and the date of the consultation on the electropherogram of the sample(s) 
in question. 
 



      Biology/DNA  
DNA Interpretation SOP 

Biology/DNA Division 
  
 

 
DNA Interpretation SOP Document ID: 25414 
Issued By: Section Technical Leader  Issue Date: May 17, 2021 
Uncontrolled When Printed Page 37 of 38 
 

• Indistinguishable mixtures of three or four individuals (complex mixtures), or the minor 
component of the distinguishable three or four-person mixtures, must be interpreted with 
extreme caution.  Allele sharing/stacking of alleles due to sharing creates more uncertainty9.  
Furthermore, preferential amplification of alleles within a locus attributable to large differences 
in base pair size, or resource competition in complex mixtures, may result in a loss of allelic 
activity or even allelic drop-out. Therefore, the use of indistinguishable or minor components of 
complex mixtures must be approved by the Technical Leader.   
 

• Mixtures with an assumed contributor 
• Mixture deduction allows for the identification of obligate unknown alleles in a mixture given 

that a known contributor is present.  This deduced profile is then eligible for comparison and 
statistical analysis as a single source sample.   
• It may not be possible to determine a complete genotype for the unknown contributor.    
• When a heterozygous genotype cannot be deduced and only a single obligate allele may 

be determined for the unknown contributor, then consideration must be given to any 
possible sister alleles.  Three common reasons for a single allele may be: 
• The unknown contributor is homozygous.  
• A heterozygous sister allele is masked by the known contributor. 
• A heterozygous sister allele has dropped out. 

• Suitable mixtures are two-person mixtures from intimate items with a finite number of contributors 
with one of the contributors known, prior to interpretation.   

• The major component of a three- or more-person mixture may be eligible if a finite number of two 
contributors are identified in the major component and one contributor is known, prior to 
interpretation.   

 
Steps for deduction: 
• Identify the alleles in the mixture that are attributed to the known individual.   
 
• Identify the remaining obligate alleles: 

• When 4 alleles are present: Identify which alleles are being contributed by the assumed 
contributor.  The remaining 2 alleles are assumed to belong to the foreign contributor.  Loci 
at which a distinct genotype has been established for the unknown contributor are useful in 
identifying the approximate ratio of the two contributors. 

• When 3 alleles are present and the assumed contributor is homozygous:  Identify which 
allele is being contributed by the assumed contributor.  The remaining 2 alleles are assumed 
to belong to the foreign contributor. 

• When 3 alleles are present and the assumed contributor is heterozygous:  Identify which 
alleles are being contributed by the assumed contributor.  It is possible that the remaining 
allele is a homozygous peak from the foreign contributor.  Alternatively, it may be one of 
two heterozygous peaks where the other peak is shared with the assumed contributor.   

• When 2 alleles are present and the assumed contributor is homozygous:  Identify which 
allele is being contributed by the assumed contributor.  The remaining allele is assumed to 
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belong to the foreign contributor.  It is possible that the remaining allele is a homozygous 
peak from the foreign contributor.  Alternatively, it may be one of two heterozygous peaks 
where the other peak is shared with the assumed contributor.   

• When 2 alleles are present and the assumed contributor is heterozygous:  It is possible 
that the foreign contributor is also heterozygous and shares his/her alleles fully with the 
assumed contributor.  It is also possible that the foreign contributor is homozygous.  
Consider an observed profile peak height ratio difference when making this determination.  
If there are no alleles foreign to the known individual, but significant imbalance is observed, 
analysts must use caution when deducing a foreign profile.  If the foreign profile may be 
experiencing dropout, such as with a minor component, deduction is not permissible 
without written approval from the Technical Leader.  The entire profile shall be evaluated to 
determine whether dropout is a possibility.  When the deduced profile is in the major 
component or otherwise expected to be fully represented, it is not necessary to have 
written approval from the Technical Leader.  

 
Once the obligate alleles are identified: 
 

• Identify loci with one obligate allele above stochastic threshold and in stutter position. 
• The maximum allowed stutter at each locus must be calculated and subtracted from the 

obligate allele RFU.  This modified RFU value is now used to evaluate the obligate allele.  
If this causes the RFU value to drop below the stochastic threshold, a homozygous 
genotype cannot be deduced.  If this causes the RFU value to drop below the analytical 
threshold, no deduction is permissible. 

• If a peak is at or below the stutter threshold there are two possibilities: either the 
peak is completely stutter or it is a composite of stutter product and an allele from 
another contributor. The peak should be considered as potentially a composite of 
stutter and allele if the peak height of the potential stutter peak(s) is consistent with (or 
greater than) the heights observed for any allelic peaks that are conclusively attributed 
(i.e., peaks in non-stutter positions) to the minor contributor(s). The designation of 
stutter peaks as possible allelic peaks is unnecessary at a locus if the consideration of 
stutter peaks would violate the documented assumption as to the number of 
contributors to the mixture (e.g., a two-person distinguishable mixture with four 
alleles).  Peaks identified as complete stutter may not be submitted to CODIS. 
 

• Identify the loci where the obligate allele is below stochastic threshold and dropout is 
reasonable to have occurred. 

• No further deduction is permissible at these loci. Document the obligate allele and a 
dash (--) to indicate that drop out is possible. 

• The single foreign allele must be marked as “partial” when submitted for CODIS. 
 

• Examine the remaining loci with one obligate allele above stochastic threshold. It may be 
possible to determine a distinct genotype for the unknown contributor. 
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• To minimize adventitious candidate matches in CODIS, instead of just entering the 
“obligate” foreign allele, enter the “obligate” foreign allele and one or both other alleles 
attributed to the known contributor, depending on peak height ratios, when all activity 
is above the stochastic threshold and there is minimal concern for drop-out. 

 
• Examine the RFU values for the alleles of the known contributor to determine if sharing with the 

foreign contributor could be occurring.  Caution must be taken as natural heterozygous 
imbalance could lead to an incorrect deduction.   
• When the overall profile is in the stochastic range (<1,000 RFUs for a 2-person mixture and 

<1,500 RFUs for a 3+ mixture), only distinctly foreign activity shall be deduced, as evaluating 
balance for sharing is less reliable in the stochastic range. 

• If evaluation of the overall profile suggests the major and minor contributors may have 
“flipped” or if unexpected imbalance in the known contributor is observed, only distinctly 
foreign activity shall be deduced. 

 
• Document the final genotype of the unknown contributor on the plot.  Use a dash (--) with any 

single allele if the unknown is not being identified as homozygous.   
 

• Any uncertainty in a deduced profile shall be reflected in the CODIS profile submission for that 
deduction.   

• If a locus is excluded from the deduction process, that locus may not be submitted for 
CODIS. 

• If a single-allele with a dash (--) is deduced at a locus, a distinct heterozygous genotype 
may not be submitted for CODIS at that locus.   

• If a complete deduction is not permissible at all loci, or if any homozygous deductions 
are below the stochastic threshold or include a dash (--) because of possible drop out or 
masking, the single-source deduction may not be submitted as a Forensic Unknown.  It 
may only be a Forensic Partial or a Forensic Mixture. 

• Single alleles submitted to CODIS must be marked as partial if they are detected below 
the stochastic threshold or if activity below the analytical threshold is observed, in 
which case the profile will be entered as a Forensic Partial.   

 
• At times, comparison of a questioned profile to a reference profile will render some of the 

interpretational or operating assumptions made regarding that questioned profile inaccurate.  
In those instances, if the discrepancies can be reasonably attributed to amplification, genetic, or 
other outliers, the analyst shall drop the locus in question from a frequency estimate and 
proceed with reporting the association.   If more than one inconsistency occurs, the entire 
profile should be determined to be inconclusive or as an exclusion of the compared standard.   
 

       If the discrepancies cannot be reasonably attributed to biology-related outliers, such as with  
       incorrect assumptions (e.g., number of contributors or an assumed contributor) or a  
       misapplication of scientific concepts (e.g., failing to consider stochastic-related imbalance), the  
       analyst shall drop the locus in question from a frequency estimate and proceed with reporting  



      Biology/DNA  
DNA Interpretation SOP 

Biology/DNA Division 
  
 

 
DNA Interpretation SOP Document ID: 25414 
Issued By: Section Technical Leader  Issue Date: May 17, 2021 
Uncontrolled When Printed Page 40 of 41 
 

       the association.  Issues of this nature will be tracked through a Qualtrax workflow regardless of    
       whether an amended report is warranted (e.g., the original deduction was not included in a  
       report allele chart). 

 
The reasons for dropping the locus and recalculating the frequency estimate(s) shall be clearly 
documented within the examination documentation.  Any post-comparison revisions to the 
interpretation must be clearly documented in the case notes and shall include detailed scientific 
reasoning for the revision, the date of change and initials of the reporting analyst, and the 
initials of the Technical Leader.   
 

1.2.3.3 Types of Conclusions  
 

1.2.3.3.1 Three types of conclusions are generally possible when both evidence (questioned) 
and reference (known) samples are tested and compared:  

• Inclusion/cannot be excluded: the individual could have contributed to the 
questioned profile; for a single-source sample, the same genotypes were 
obtained by an evidentiary sample and a reference sample, with no 
unexplained differences; for a mixture profile, all of the alleles from the 
reference sample are accounted for in the mixture profile of an evidentiary 
item (the loss of an allele due to incomplete (preferential) amplification, 
stochastic effects, mutation, or other factors must be considered and does 
not necessarily indicate an exclusion) 

• exclusion: the individual could not have contributed to the questioned 
profile; the genotype comparison shows profile differences that can only be 
explained by the two samples originating from different sources 

• inconclusive: the data does not support a conclusion; insufficient 
information exists to support any conclusion.  The reason for inconclusive 
results must be clearly stated in the report.   

 
1.2.3.3.2 Inclusion or exclusion is determined by qualitative and quantitative 

evaluation of the entire DNA profile produced at the various loci tested.  
Inconclusive results, or an uninterpretable profile, may result from, but are 
not limited to: 

• Insufficient amounts of template DNA 
• Degradation, inhibitors, or data of otherwise poor quality 
• Mixtures of DNA from multiple donors 
• Data that does not meet quality assurance guidelines 

 
1.2.3.3.3 It may be acceptable for an inclusion or exclusion to be determined when 

one or more loci yield inconclusive results.  An inclusion statement, and any 
resulting statistical calculations, shall be based only on loci that yield 
conclusive results.  An exclusion statement can be determined if even a 
single locus produces exclusionary results.  However, an exclusion cannot be 
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determined if technical issues such as the loss of an allele due to incomplete 
(preferential) amplification, stochastic effects, mutation, or other factors 
may have caused the non-match.  

 
1.2.3.3.4 Comparisons (e.g., inclusions/exclusions) should not simply be based on the 

presence or absence of alleles for a particular contributor at a given locus, 
but instead be based on the possible genotype(s) that are being evaluated 
for each contributor at each locus while considering the overall quality of 
the profile (e.g., degradation, preferential amplification, inhibition, drop-
out) and any assumptions being made with the interpretation.  

 
1.2.3.3.5 It may also be possible to obtain a conclusive result comparing one 

reference to a questioned sample but an inconclusive result when 
comparing a second reference sample to the same questioned sample.  This 
is most commonly observed when interpreting complex mixtures. 

 
1.2.3.3.6 The simple presence or absence of alleles may be insufficient to draw a 

proper conclusion due to the possibility of allelic drop-out. 
 

 
1.3 Interpretation of Forensic Parentage and Relationship Cases 

1.3.1 For parentage cases, reference guidelines established by the AABB Relationship Testing 
Standards.  Greater details of these standards and recommendations can be found in 
their published Standards for Relationship Testing Laboratories and Guidance for 
Standards for Relationship Testing Laboratories.  The Popstats software (which used 
these AABB-recommended formulae) is used to calculate parentage statistics. 

 
1.3.2 Paternity analysis can be performed with a reference sample from the child and the 

alleged father (AF), with or without the biological mother.  However, the statistical 
results of a “not excluded” case are more significant if the mother is included in the 
testing.  Therefore, a reference sample from the mother should be obtained when 
possible.  A reference from the mother is required in the following two types of cases: 

1.3.2.1 The child’s sample is fetal tissue.  For fetal tissue samples, the mother must be 
typed in order to confirm that the tissue sample is of fetal, not maternal, origin.  
Failure to test the mother could result in a false exclusion.  Note: if the mother is 
unavailable and the tissue is determined to be from a male, it may be assumed that 
the tissue is of fetal origin and the results may be used in the paternity analysis. 

1.3.2.2 The alleged father is a biological relative of the biological mother.  In this situation, 
the child is likely to share some alleles with the AF because of the biological 
relationship between the AF and biological mother.  Therefore, testing the mother is 
required in order to take into account this shared relationship.    
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1.3.3 Definitions 
1.3.3.1 Likelihood Ratio: a Bayesian statistical calculation that estimates the likelihood of 

seeing the evidence in question under two competing hypotheses.   
 

1.3.3.2 Paternity Index (PI): a specialized likelihood ratio estimating the likelihood of seeing 
the child’s profile if (1) the AF is the biological father versus (2) the AF is unrelated 
(or another competing hypothesis).     

 
1.3.3.3 Combined Paternity Index (CPI): The product of all individual Paternity Indexes 

 
1.3.3.4 Probability of Paternity: The probability, expressed as a percentage, that the AF is 

the biological father of the child.  This calculation is dependent on the CPI and prior 
probability assumption. 

 
1.3.3.5 Mutation:  A change in DNA resulting from a copying error during DNA replication.  

In STR analysis, this can result in a non-matching allele between a biological parent 
and child.  

 
1.3.3.6 Obligate paternal allele: the child’s allele(s) at a locus that must have been inherited 

from the biological father.  If the child is heterozygous at a locus and it cannot be 
determined which of the two alleles came from the biological father, then both 
alleles must be considered obligate. 

 
1.3.4 Exclusion 

1.3.4.1 An AF shall be excluded as the biological father if in more than two loci, the AF does 
not share an obligate paternal allele with the child.  In this case, no statistical 
calculations are required. 

 
1.3.4.2 In the event of exclusion, the analyst must evaluate the data for a possible sample 

switch between the biological mother and female child, alleged father and male 
child, and alleged father and other males processed simultaneously, including other 
alleged fathers.  A biological relationship shall be evident between the mother and 
female child, even if the samples were switched (for example, during collection).  A 
biological relationship shall not be apparent between the mother and male child if 
the male child and alleged father samples were switched, with the exception of 
cases where the mother and alleged father are biologically related.  In the event of 
exclusion, re-isolation of the excluded alleged father(s) may be conducted to verify 
the originally obtained profile(s).  Alternatively, strategic sample placement or 
separate extractions may be used to eliminate the concern of a sample switch.  
These methods may also be employed regarding the child’s sample in the event of a 
motherless paternity with an excluded alleged father.  
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1.3.5 Not Excluded, or Included 
1.3.5.1 If the AF shares an obligate paternal allele at all loci, he cannot be excluded as being 

the biological father of the child.  In this case the PI at each locus will be calculated 
by Popstats using the formulas in section 2 (Statistics). 

 
1.3.6 Inconclusive 

1.3.6.1 A comparison may be inconclusive when at two loci the AF does not share an 
obligate paternal allele with the child.  Additionally, a comparison may be 
inconclusive when at only one locus the AF does not share an obligate paternal 
allele with the child and a mutation is not suspected.   

 
1.3.7 Mutations 

1.3.7.1 Mutations in STR loci typically result in an allele one repeat shorter or longer than 
the parent allele.  These mutations occur at different frequencies in different loci 
and typically at a higher frequency in the larger loci.  If a non-match is observed in 
only one or two loci, the possibility of mutational events must be evaluated.  Two or 
more repeat mutations are seen at a lower frequency than single repeat mutations.   

 
1.3.7.2 If a non-match is observed at only one locus, the possibility of a mutation must be 

assumed and taken into account in the CPI calculation.  At the locus with the 
suspected mutation, a mutational PI is calculated for that locus following AABB 
recommendations.  This mutational PI is incorporated into the CPI calculation. 

 
1.3.7.3 If two non-matches are observed after standard laboratory STR (Identifiler Plus 

and/or GlobalFiler) testing, the results must be considered inconclusive.  
Supplemental testing, such as additional autosomal STR loci or Y STR analysis, may 
yield additional information in these cases.      

 
1.3.7.4 When a mutation is assumed and taken into account statistically, the DNA report 

must indicate which references were used.  An example of wording for the DNA 
report is:  

Note: The AABB Standards for Relationship Testing Laboratories, 10th Edition/Guidance Document was 
referenced for the mutation rate of locus D21S11.  The GlobalFiler™ PCR Amplification Kit User Guide 
(PN 4477604, Revision E) was referenced for the probability of paternity exclusion for locus D21S11. 
 
 

1.4 STRmix™ Analysis*  
1.4.1 STRmix™ is a probabilistic genotyping system based on a biological model, 

statistical theory and computer algorithms. Probabilistic genotyping is a tool 
used to assist the DNA analyst in the interpretation of DNA typing results. 
STRmix™ uses a fully continuous approach to interpret DNA profiles including 
mixture deconvolution. The software can compare reference DNA profiles to 
casework profiles to generate a measure of weight of the evidence (likelihood 
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ratio) in relation to a pair of propositions or it can perform mixture deconvolutions 
if there are no reference DNA profiles to compare. 
 
STRmix™ calculates a statistical result in the form of a likelihood ratio. This form of 
statistic considers the probability of obtaining evidence (in this case DNA profiles) given 
two competing explanations. Typically, these are: 
 
Hp or H1: The person of interest is the source, or a contributor of DNA to a sample 
 
Hd or H2: The person of interest is not the source, or a contributor of DNA to a sample. 
 
The likelihood ratio is calculated in STRmix™ using the sub-population model developed 
by Balding and Nichols in 1994 [8]. 
 
The typical method for calculating the likelihood ratio involves considering all the 
combinations of single source profiles that could explain the observed profile(s) and 
applying ‘weights’ to them. If interpreting a profile manually, a genotype set that is an 
unlikely explanation of the observed data is given a weight of 0 and a genotype set that 
represents a plausible explanation of the data is given a weight of 1. Prior to STRmix™ 
this was determined by practitioner experience, rules, and guidelines for DNA profile 
behavior. The STRmix™ program refines this process of developing weights by allowing 
each genotype set to be given a weight of any value on a continuous spectrum between 
0 and 1. These weights are calculated in STRmix™ during a process called deconvolution. 
 
Deconvolution is the process of creating the list of genotype sets and assigning weights 
to each set that reflect how well they ‘fit’ the evidence profile. If the proposed set of 
single source genotypes is unlikely to lead to the observed evidence profile then that set 
will be given a low weighting (close to zero), and if the proposed genotype set is likely to 
lead to the observed evidence profile then that set will be given a high weighting (close 
to 1). STRmix™ uses information provided by the user combined with optimized values 
for properties of the DNA profile being analyzed to deconvolute a profile and calculate 
weights. 
 
The information provided by the user is: 
1. The observed evidence DNA profile(s) – peak designations, heights and sizes 
2. The number of contributors that can reasonably describe the observed DNA 

profiling data 
3. Biological models for stutter, peak height variance and locus amplification efficiency 

variance (which are all predetermined and set in the settings area of STRmix™ prior 
to analysis). These seek to model known properties of DNA profiles. Note that the 
variance values for a specific laboratory are determined using a part of STRmix™ 
called Model Maker. 
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The parameters used to generate expected peak heights during a deconvolution 
(collectively known as mass parameters) are: 
1. DNA amount (template) for each contributor to the profile 
2. Amplification efficiencies for each locus within the profile 
3. Replicate amplification efficiency for each repeat analysis of the same sample 
4. The degradation rate for each contributor to the DNA profile 
5. Kit efficiencies for each kit used within the deconvolution. 

 
The general process during a deconvolution is that a genotype set and a set of values for 
the mass parameters are proposed. These proposed values are either accepted or 
rejected depending on whether they are a good description or a poor description of the 
observed DNA profiling data. This is carried out many times and the relative amount of 
time that a genotype set is the focus of the deconvolution becomes the weight for that 
genotype set. A genotype set that is a good description of the observed data will be 
returned often and occupy a larger proportion of the focus of the deconvolution as 
opposed to a genotype set that is a poor description of the observed data. 

 
The process by which this occurs is known as Markov Chain Monte Carlo (MCMC).  
MCMC is a mathematical process that uses random number generation and acceptance- 
rejection sampling to obtain a sampling from the posterior distribution of a set of  
variables (in our case the mass parameters). It does this without any knowledge of 
previous states.  
 
Markov Chains are used in a wide variety of applications from stock market analyses, to 
meteorology and general data analysis. MCMC has also previously been applied to DNA 
profile mixture analysis. This is a practice that has been accepted in forensic literature 
and accepted in courts internationally. 

 
1.4.2 Stutter Filters 

1.4.2.1 STRmix software requires that stutter filters be turned off when evaluating 
questioned samples and that stutter filters are turned on for reference samples. 

1.4.2.2 It is required that separate analysis methods are created in GeneMapper ID-X 
software for both evidence and reference samples. 

1.4.2.3 It is also recommended that evidence samples be manually evaluated with stutter 
filters turned off so that the analysts will be evaluating the same data as the 
software. 

1.4.2.4 STRmix™ uses one of three methods to model stutter.  STRmix™ will apply the 
following approach that best explains the data: a linear equation, regressing stutter 
against the allele; the longest uninterrupted stretch of common repeats (LUS) within 
the allele for loci with compound and complex repeat structures, versus the allele 
designation itself; or an exception file based on either LUS or an average observed 
stutter ratio.  STRmix™ V2.6.1 can model back stutter (1 repeat shorter), double 
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back stutter (2 repeats shorter), -2bp back stutter, and forward stutter (1 repeat 
longer). 
 

1.4.3 GeneMapper Analysis Software 
1.4.3.1 Exporting Files from GeneMapper ID-X 

1.4.3.1.1 Exporting Evidence Files for STRmix™ 
1.4.3.1.1.1 Edit the electropherogram to remove any artifacts (e.g. pull-up, n+2 

stutter, spikes, etc.). Leave off stutter filters and do not remove the 
modeled stutter peaks from the electropherogram. 

1.4.3.1.1.2 OL alleles within marker range need to be relabeled with the correct 
allele value. 

1.4.3.1.1.3 Presence of an OL allele outside a marker range will result in the locus 
needing to be omitted from the STRmix software. This can be 
accomplished by either editing the electropherogram or the export 
table. 

1.4.3.1.1.4 Edited or deleted alleles/artifacts need to be displayed on the 
electropherogram or “Label Edit Viewer” printout for technical review 
purposes.  

1.4.3.1.1.5 When editing artifacts, label as Custom Artifact in the software, when 
editing true alleles (i.e. OL) use the Edit Allele function. This will 
ensure proper exporting of the genotypes. 

1.4.3.1.1.6 Create a table for export to STRmix™ by selecting the sample of 
interest, then selecting “Report Manager”, and ensuring the selected 
report setting is set to “STRmix”.  This table contains the Sample 
Name/File, Marker, Allele (1-32), Allele Size (1-32), Allele Height (1-
32).  Export the table and save a text document (.txt) in a desired 
location. 

1.4.3.1.2 Exporting Reference Files for STRmix™ 
1.4.3.1.2.1 References must be analyzed in GeneMapper ID-X using a method 

that filters stutter.   
1.4.3.1.2.2 Edit the electropherograms and create an export table as described in 

steps 1.3.3.1.1.1 through 1.3.3.1.1.7 above. 
1.4.3.1.2.3 If a reference profile amplified in a legacy kit or a reference profile 

processed by a vendor laboratory is being used for comparison in 
STRmix™, a STRmix™ compatible table (.txt) must be manually 
created. The allele calls within the table must be verified by a second 
qualified analyst prior to importing into the STRmix™ software.   
 

1.4.4 Profile Evaluation 
1.4.4.1 If the number of contributors to a DNA profile can be reasonably determined based 

on the data, the profile is suitable for interpretation using STRmixTM.  
1.4.4.1.1 If upon review of the STRmixTM report, the analyst determines that the 

profile is not suitable for probabilistic genotyping due to unacceptable 
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diagnostics, the profile may be deemed no longer suitable for 
interpretation. This will be documented in the case record.  

1.4.4.2 Analysts may attempt to characterize it in other meaningful ways (partial, degraded, 
inhibited, estimation of mixture proportions, and comparisons to known/expected 
donors to intimate samples). Any characterizations including contributor assignment 
will be made prior to STRmix™ entry and must be documented in the case record. 
These characterizations will aid in determining the accuracy of the final 
deconvolution performed by STRmix™. At a minimum, the following must be 
documented in the case record: 

1.4.4.2.1 The number of contributors assigned to the profile. 
1.4.4.2.1.1 In casework, the true number of contributors to a questioned profile 

is always unknown.   
1.4.4.2.1.2 Reference sample profiles from individuals who are assumed to be 

present in a sample and will be used to condition on in the STRmix™ 
deconvolution may be used to aid in the determination of number of 
contributors for that sample.  

1.4.4.2.1.3 The analyst and technical reviewer should agree on this designation 
for the profile.  If a consensus between the reporting analyst and the 
technical reviewer cannot be achieved, the DNA Technical Leader, the 
Assistant DNA Technical Leader, the Forensic Biology Manager, the 
DNA Interpretation Supervisor, or the Forensic Biology Training 
Coordinator will be consulted.  If a consensus still cannot be reached, 
the profile is too complex for meaningful interpretation and will be 
determined to be uninterpretable. 

1.4.4.2.1.4 An underestimation or overestimation of the number of contributors 
is not likely to have an impact on the LR for a major donor.  An 
underestimation of the NOC can falsely exclude a true donor.  An 
overestimation of the NOC can reduce the LR of a true donor and 
increase the LR for a false donor. Since the true number of 
contributors is never known in forensic samples, it is best to select the 
fewest number of contributors that explains the data seen.  

1.4.4.2.1.5 On rare occasions, and only with approval from the DNA Technical 
Leader, the Assistant DNA Technical Leader, the Forensic Biology 
Manager, the DNA Interpretation Supervisor, or the Forensic Biology 
Training Coordinator an analyst may choose to deconvolute a mixture 
under two different number of contributor assumptions and use the 
resulting diagnostics (to include run diagnostics, mixture proportions, 
and contributor weights) to assist in the final designation of number 
of contributors. The required portions of the STRmixTM report will be 
included in the case file for both deconvolutions and the analyst will 
clearly document any subsequent decisions made. This should be 
planned (e.g. documented in the case record that the profile will be 
interpreted as both three and four contributors) and the 
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deconvolutions under both number of contributor assumptions 
should be performed and evaluated prior to the comparison of any 
reference standard profiles.  All tested considerations will be retained 
in the case record. 

 
1.4.4.2.1.6 If after multiple considerations or due to the complexity of the profile, 

an assignment of the number of contributors cannot be confidently 
assigned, the profile will be determined to be uninterpretable.   

1.4.4.2.1.7 Results from a STRmix™ analysis (deconvolution and/or LR calculation) 
may indicate that the initial estimation of number of contributors may 
be incorrect, and a subsequent run with N+1 or N-1 contributors may 
be warranted. In this case, the course of action shall be detailed in the 
case record. 

1.4.4.2.2 The assumption/conditioning of any contributors to the profile of intimate 
samples, as well as any non-intimate items for which a contributor will be 
assumed. 

1.4.4.2.3 If the analyst determines that there is enough data to make a conclusive 
comparison through application of the appropriate stochastic threshold, 
then the analyst may visually compare any known DNA profiles to that 
profile. If the result of the comparison is an exclusion, then further analysis 
in STRmix™ should not be conducted. Any known profile that may not be 
excluded will be compared using STRmix™.  

1.4.4.2.3.1 Single source profiles that originate from intimate/indigenous samples 
and are consistent with the profile of the assumed donor are not 
required to be compared using STRmix™. 

1.4.4.3 With complicated mixed and/or sub-optimal DNA profiles such as those that are 
inhibited, degraded or very partial, consideration should always be given to first 
improving the quality of the data biologically, for example by replicate PCR or re-
extraction of the sample before efforts to examine the profile statistically. 

1.4.4.4 Mixtures assigned to be of 5 or more individuals are too complex for interpretation, 
due in part to, hardware limitations that render the STRmix software unable to 
deconvolve these complicated profiles.  

1.4.4.5 Sub-threshold contributors (contributors thought to make no unique or substantial 
addition to the profile entirely below the AT) should not be considered when 
assigning the number of contributors. 

1.4.4.5.1 If sub AT peaks are being used to infer an extra contributor there should 
above AT peaks and/or peak height imbalance elsewhere in the profile to 
support this. The information used to infer the extra contributor must be 
documented on the electropherogram. 
 

1.4.4.6 Observed peaks within an electropherogram may be saturated if they are above the 
saturation threshold calculated for a CE instrument (>~26,000 RFUs for homozygous 
peaks on the 3500xl). As a result, the allelic peak height is not accurately captured 
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and therefore the observed stutter peak heights will be larger than their expected 
values.  This loss of linearity can cause the relationship between stutter peak height 
and allelic peak height (stutter ratio) to be unreliable.  For this reason, where alleles 
are above saturation height within an electropherogram, expected stutter peak 
heights are calculated from the expected allele heights rather than from the 
observed allele heights. It is recommended that profiles with many saturated peaks 
are not interpreted within STRmix™.  Refer to Section 1.3.4.2. 
 

1.4.4.7 Additional Profile Evaluation Considerations  
1.4.4.7.1 If no more than three trace peaks are seen in a sample otherwise appearing 

to be single source, (i.e. a small 3rd peak at a heterozygous locus, or a 2nd 
minor peak at a homozygote peak) the sample may be considered single 
source if the trace peaks fall into the following categories.  
 

1.4.4.7.1.1 A drop–in peak <200rfu that is in a non-stutter position  
1.4.4.7.1.2 A back stutter peak (n-4) that is <30% of the parent peak  
1.4.4.7.1.3 A double back stutter peak (n-8) that is <5% of the parent peak  
1.4.4.7.1.4 A two base pair stutter (n-2) peak that is <1% of the parent peak 
1.4.4.7.1.5 A forward stutter peak (n+4) that is <15% of the parent peak 

 
1.4.4.7.2 If more than one of these trace peak(s) is in a non-stutter position, the 

sample must be considered a mixture for STRmixTM deconvolution. 
1.4.4.7.3 If the profile is run as a mixture and the diagnostics are unintuitive, consult 

with DNA Technical Leader, the Assistant DNA Technical Leader, the 
Forensic Biology Manager, the DNA Interpretation Supervisor, or the 
Forensic Biology Training Coordinator for next steps. The course of action 
shall be detailed in the case record. 

 
1.4.5 Conditioning 

1.4.5.1 Conditioning is a means by which an individual can be assumed to be a contributor 
to the mixture for the purposes of developing reasonable competing hypotheses for 
a likelihood ratio.  

1.4.5.2 A profile should be used for conditioning to a mixture when an individual is 
identified as an intimate contributor, or when it is reasonable to assume their 
presence based on case specific information, and the associated data supports that 
assumption.  

1.4.5.2.1 If the sample is an intimate sample, the STRmix deconvolution may be 
conditioned upon the donor of the sample (e.g. conditioning the mixture 
obtained from a vaginal swab upon the complainant from whom the vaginal 
swab was obtained). 

1.4.5.2.2 If the sample is non-intimate, the STRmix deconvolution may be conditioned 
upon a non-probative contributor who may be reasonably assumed to have 
contributed DNA to the item. 
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1.4.5.2.2.1 Examples of non-intimate scenarios where a non-probative 

contributor to a DNA mixture may be assumed include (this list is not 
exhaustive):  

1.4.5.2.2.1.1 References received as consensual sexual partners 
1.4.5.2.2.1.2 Items documented to have been removed directly from 

someone’s person 
1.4.5.2.2.1.3 Items in which individuals known to have worn, touched or 

handled an item (e.g., clothing, bedding, steering wheel of car) 
1.4.5.2.2.1.4 Contamination events having a known source (e.g., staff 

involved in evidence handling, collection or testing).  
 

1.4.5.2.3 On a case by case basis, a mixture may be conditioned on a potentially 
probative contributor purely for the purposes of determining a profile for 
CODIS entry.  

1.4.5.2.3.1 This may only be performed after a deconvolution of the mixture 
without conditioning was attempted and no CODIS-suitable profiles 
obtained. 

1.4.5.2.3.2 A likelihood ratio supporting inclusion of the individual upon whom 
the mixture will be conditioned must have been obtained prior to 
running the mixture with conditioning. 

1.4.5.2.3.3 If an unknown single-source evidentiary donor will be used for 
conditioning, the stutter must be removed prior to STRmix™ 
interpretation.  

1.4.5.2.3.4 The initial deconvolution (not conditioned) should be used for any 
subsequent comparisons.  

1.4.5.2.3.5 For example, a multi-contributor assault case is analyzed in which a 
single-source male profile (unknown #1) is developed from a neck 
swab. The vaginal swab sperm cell fraction returns a mixture of 
unknown #1 and a second male individual in a close contributor ratio. 
The vaginal swab sperm cell mixture may be conditioned on unknown 
#1 for the purposes of obtaining a CODIS-eligible profile for the 
second unidentified male. In the event of the receipt of references 
from unknown #1 or unknown #2, the non-conditioned STRmix 
deconvolution will be used to calculate likelihood ratios. 

1.4.5.3 If no determination can be made as to whether the individual is included  
or excluded as a contributor to the mixture based upon the manual comparison,  
STRmix™ deconvolution should proceed without conditioning and comparison to  
the reference profile may be made via a likelihood ratio calculation. Depending on  
the outcome of that likelihood ratio, a new deconvolution of the mixture  
conditioned upon the known may be appropriate. 

1.4.5.4 Manual profile comparisons may also be used to make determinations about the 
number of contributors to a mixture. For example, if a profile yielding four alleles at 
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a locus is obtained from the neck swab of a complainant, and she is homozygous at 
that locus and well-represented throughout the remainder of the mixture, it is 
reasonable to assume that there must be at least two additional contributors to the 
mixture. 

 
1.4.6 Using the STRmix™ Software 

1.4.6.1 Start STRmix™ by double-clicking the STRmix™ icon on the desktop or select 
STRmix™ from Start > STRmix™. 

 
STRmix™ Main Menu 
 

1.4.6.2 Each of the functions within STRmix™ can be accessed from the Main Menu. 
Selecting the light blue STRmix™ logo (top left of window) at any time will return 
the user to the Main Menu. 

1.4.6.3 The STRmix™ toolbar is available from all windows within STRmix™. The options are 
described in the table below. Note that different options may be available from 
different windows. 

 

 
STRmix™ Toolbar 
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STRmix™ Toolbar Options 
 

1.4.6.4 Interpretation 
1.4.6.4.1 Select Interpretation to start a deconvolution. This initiates the process for 

an interpretation of a single source or mixed DNA profile. 

 
1.4.6.4.2 Complete case number and sample ID information and optionally enter case 

notes. 
1.4.6.4.3 Enter number of contributors. 
1.4.6.4.4 Select “Next”. 
1.4.6.4.5 Ensure the “Houston FSC_GlobalFiler_3500” Profiling Kit is selected. 
1.4.6.4.6 Add Evidence Profile Data 

1.4.6.4.6.1 Evidence input files may be entered by ‘drag and drop’ into the 
Evidence Profile Data window or by navigation to the file path using 
the Add evidence (“+”) button. STRmix™ files and text files containing 
only one profile (ignoring any ladder) will be added automatically.  

1.4.6.4.6.1.1 To add multiple profiles from the one file, tick the selection box 
to the left of each sample you wish to add or use the Select All 
tick box at the bottom left of the window. 
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1.4.6.4.6.2 If adding profiles by navigation, in the Add Evidence Profile Data 
window choose Select and navigate to the input file. Select Add 
Profile Data to add the input file and Confirm or Cancel to return to 
the Add Profile Data window.  

1.4.6.4.6.3 Ignore Loci: This function should be used rarely. An example of when 
this function might be used is when a reference sample profile is 
known to have a triallelic pattern. 

1.4.6.4.6.3.1 Select “Kit Settings”.   
1.4.6.4.6.3.2 Within the “Loci” tab, select “Ignore” to ignore a locus within a 

deconvolution. 

 
1.4.6.4.6.4 To remove a profile, highlight a selected input file from the Add 

Profile Data window, and select Remove Profile (the “-“ button) to 
delete the file. 

1.4.6.4.7 Add Reference Profile Data 
1.4.6.4.7.1 In the Reference Profile Data box add text or STRmix™ reference input 

files as instructed above by drag and drop or navigate via buttons. 
1.4.6.4.7.2 Reference input files will automatically be assigned as a known 

contributor under Hp. Should you also require a reference sample to 
be an assumed contributor under Hd then select the reference of 
interest using the cursor so it is highlighted then tick the Hd box. 

1.4.6.4.7.3 Select Apply to continue or Cancel to return to the Add profile data 
window. 

1.4.6.4.7.4 Select Start to proceed, Cancel to return to the Start menu or Back to 
return to the Case Details window. Selecting Back will not remove 
profiles previously uploaded. 

1.4.6.4.7.5 To condition on an individual, highlight a selected reference file from 
the Add Profile Data window and tick the Hd box.  The sample cannot 
be conditioned after the initial STRmix™ interpretation, such as with 
an LR from Previous.  The sample would need to be reinterpreted by 
STRmix™ with the conditioning. 

1.4.6.4.8 When Start is selected STRmix™ will start the calculation. A Calculation 
Progress window displaying the date and time the STRmix™ calculation 
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began will open. The calculation progress will be indicated in this window 
with run progress visualized by a progress bar. 

1.4.6.4.8.1 When the calculation is finished a summary of the findings of the 
analysis will open automatically. 

1.4.6.4.8.2 The results of the run are saved automatically in a new folder. The 
Results folder may be opened by selecting the Open Interpretation 

Results Directory icon:  at the upper right of the Summary 
window. 

1.4.6.4.9 Select Finish to return to the main window. 
1.4.6.5 Investigation 

1.4.6.5.1 Within the Investigation tab from the Main Menu, a number of features are 
available to explore a STRmix™ deconvolution. From the Investigation 
window, browse to the config.xml from the interpretation folder or drag 
and drop the folder directly into the Previous interpretation field.  

 
1.4.6.5.2 Calculating an LR from a Previous Analysis 

1.4.6.5.2.1 If a mixture has previously been deconvoluted then the genotype 
probability distributions can be used to calculate an LR by comparing 
to additional references as they are obtained without the need to 
reanalyze the mixture. This function can be especially useful when 
reference samples from persons of interest become available several 
months or years after the original STRmix™ deconvolution was 
undertaken. 

1.4.6.5.2.2 Select LR from previous from the Investigation window. If you have 
not previously added a deconvolution within the Investigation 
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window, the Choose Previous Interpretation for LR window will open. 
Drag and drop a results folder or choose Browse and navigate to a 
results folder (or config.xml) from a previous. 

 
1.4.6.5.2.3 The Case Number, Sample ID & Case Notes can be updated as 

required. Note that LRPrev is automatically appended to the Sample 
ID. The number of contributors cannot be modified. 

1.4.6.5.2.4 Select Next to proceed. Add the reference profile/s. The only Kit 
Settings that can be edited is ignore loci (See 1.4.6.4.6.3). 

1.4.6.5.2.5 Select Start to start the LR calculation. 
1.4.6.5.2.6 Under LR From Previous, anything specific to the deconvolution itself 

cannot be changed, specifically; evidence electropherograms cannot 
be edited, deleted, or added and a reference electropherogram 
cannot be an assumed contributor under both Hp and Hd. These 
scenarios can be performed by starting a new analysis from 
Interpretation. 

1.4.6.5.2.7 The results summary output will not include the Genotype Probability 
Distributions from the original mixture deconvolution. If required, 
these can be obtained from the original run results folder. 

1.4.6.5.3 LR Batch 
1.4.6.5.3.1 Select LR Batch from the Investigation screen to open the LR Batch 

tool. From this screen Select LR Batcher to open the LR Batcher 
window or Back to Main Menu to return to the Main Menu.  

1.4.6.5.3.2 The LR Batcher tool allows the user to calculate multiple LRs from 
multiple reference inputs to a previously run deconvolution and vice 
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versa. Note that the kits do not need to be the same for each 
deconvolution and the reference sample/s. 

 
1.4.6.5.3.3 Drag and drop the run folder or folders of interest into the 

Interpretations box on the left side of the screen or navigate to the 
config.xml file of the deconvolution you wish to add using the Add 
previous interpretation button (“+”). 

1.4.6.5.3.4 Select Start to start the analysis. Results will be saved as Case name 
(of deconvolution) – Sample name – Reference profile compared to 
within the Results folder. An LR will be calculated for each reference 
sample separately as a contributor to the Hp/H1 proposition for each 
deconvolution entered. 

1.4.6.5.3.5 Results for each deconvolution comparison with reference will include 
comments detailing the samples being compared. 

1.4.6.5.3.6 The Remove selected interpretation or reference buttons (“-“) can be 
used to remove a deconvolution or reference sample from the 
window after selecting the sample. 

1.4.6.5.3.7 You can choose to either add a deconvolution that has had an LR 
calculated for it previously using a reference sample or a 
deconvolution only that has been run with no reference samples. LR 
Batch uses only the deconvoluted results from the previously run 
analysis. 

1.4.6.6 Batch Mode 
1.4.6.6.1 Within Batch Mode, a number of different STRmix™ analyses can be set up 

and queued to run sequentially. There is no need for the interpretation to 
use the same kits, settings or numbers of contributors and one batch can 
contain various Interpretations, Database searches, Hd True tests, Model 
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Maker analyses, LR from Previous calculations etc. Each of the analyses are 
set up in turn and details are saved in individual folders as per standard 
STRmix™ analysis. 

1.4.6.6.2 Select Batch Mode from the start-up screen. The Batch Mode window will 
open.  

 
1.4.6.6.3 Select Add to Batch to open the Interpretation window. Alternatively, select 

a different type of analysis from the dropdown list next to Add to Batch. 
1.4.6.6.4 Complete the analysis set up. On completion you will return to the Batch 

Mode window and the case details will be entered into the Calculations in 
Batch window.  

1.4.6.6.5 Select Add to Batch to enter the next calculation. Repeat for as many 
samples as needed. 

1.4.6.6.6 To remove a sample from the Batch Mode, highlight the sample in the 
Calculations in Batch window and select Remove. 

1.4.6.6.7 Select Change to change the location where the results folders will be 
saved. 

1.4.6.6.8 Select the STRmix™ logo or Back arrow (<) to return to the main directory 
window. The batch details will be saved until you return, even upon exiting 
STRmix™. 

1.4.6.6.9 Select Start to start the batch run. Selecting Stop at any time will stop the 
current interpretation and return the user to the Batch Mode window. The 
batch details are saved and the batch may be started at a later date. Once 
the batch has started the progress may be tracked for each case as with a 
standard STRmix™ analysis. 
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1.4.6.6.10 A batch mode file (.batch_mode) will be saved within each run folder 
created in batch mode. This file informs STRmix™ that this folder is to be run 
in a batch. 

1.4.6.6.11 The STRmix™ screen can be minimized while running in Batch Mode to 
allow use of other computer functionality. There may be a noticeable 
impact on computer memory and speed, however. 

1.4.6.6.12 The run folders for samples added in Batch Mode and waiting to be run will 
appear in the STRmix™ directory Results folder with a .batch_mode file 
inside each folder. When each run is completed the .batch_mode file is 
removed from the run folder. The analyses will execute in the order they 
were added. 
 

1.4.6.7 The Ignore Locus function in STRmixTM may be used to ignore an affected locus 
within an interpretation. A locus with this option selected will be removed from the 
subsequent deconvolution or LR from Previous calculation. Documentation 
regarding why a locus was omitted must be included in the case record. 
 

1.4.6.7.1 If there are reasons for the expected peak height to be incorrect due to 
biological factors present in an evidence sample or if there are issues with 
the designation of the appropriate allele call in GeneMapper ID-X of an 
evidence sample, STRmixTM is unable to appropriately model loci that 
contain these effects. Examples include:  
 
• Somatic and primer binding site mutations 

 • Tri-alleles  
• Technical issues (saturated or poorly resolved GeneMapperTM ID-X data) 
 

1.4.6.7.1.1 Mixture profiles with poor single bp resolution at a locus must be 
evaluated to determine whether the peak height of the unresolved 
allele may be considered as allelic within the profile and whether the 
weights of the deconvoluted genotypes are appropriately considering 
the possibility of a Q-allele. 

1.4.6.7.1.1.1  If the STRmixTM deconvolution at the affected locus does not 
conform to expectation, the deconvolution must be re-run 
omitting the locus. 

1.4.6.7.1.1.2 If an unresolved peak is consistent with the associated 
reference sample, omit the locus in STRmixTMat the LR from 
previous step.   

 
1.4.6.7.1.2 There may be situations where it is not possible to identify the above 

abnormalities in the evidentiary profile prior to deconvolution and the 
unmasking of reference profile data (e.g. failure to recognize possible 
tri-allelic patterns). If, after unmasking information contained within a 
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reference standard, it appears that the original deconvolution may be 
affected by the presence of these abnormalities, the number of 
contributors used for interpretation will be reevaluated to ensure it is 
still appropriate given the new information. If yes, the STRmixTM 

output will be re-evaluated to ensure the results are intuitively correct 
given the expected mixture proportions and genotypes. 

1.4.6.7.1.3 Once re-evaluated, the affected locus may be ignored during the “LR 
from Previous” calculation. Documentation must be included in the 
case file as to why the locus is being omitted from the LR calculation, 
to include documentation that a visual comparison of the reference 
standard to the evidence at the omitted locus does not result in an 
exclusion. 

1.4.6.7.1.4 In the event the number of contributors changes as a result of the 
unmasking, the STRmixTM deconvolution will be re-run using the 
appropriate number of contributors and the affected locus will be 
omitted from interpretation. Documentation must be included in the 
case file as to why the locus is being omitted from deconvolution. The 
results of the original interpretation will be retained in the case file, 
along with documentation as to the reason it is being rejected. 

 
 

1.4.7 Explanation of the STRmix™ Settings 
Default Settings 
Setting Explanation 
Results directory  Folder location where all Results will be saved automatically. This 

defaults to the Results folder within the STRmix™ root directory.  
Number of chains  STRmix™ default = 8. The number of MCMC chains to be used. Eight 

chains is recommended to effectively explore the probability space.  
Burn-in accepts (per 
chain)  

Default = 100,000. The number of burn-in accepts required per chain. If 
there are 8 chains run, there will be 800,000 Burn-in accepts. This 
variable can be changed for a specific run, without affecting the default.  

Post burn-in accepts 
(per chain)  

Default = 50,000. The number of post burn-in acceptances required per 
chain. An 8 chain run will result in 400,000 post burn-in accepts. This 
variable can be changed for a specific run, without affecting the default.  

Random walk SD  Default = 0.005. RWSD sets the step size distributions for the random 
Gaussian walks.  

Post burn-in shortlist  Default = 9.0. The log10(likelihood) that will be used to remove 
genotype sets from the post-burn-in list. All genotype sets that have a 
log10(likelihood) less than the set orders of magnitude of the current 
genotype set (and tested using the current values of mass parameters) 
are removed.  

Extended Output  Default = off. Checking the box will turn Extended Output on. This will 
save all the accepted MCMC iteration information (and how many 
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intervening rejections there were) into a separate file. Extended output 
is used for diagnostic purposes only and requires a large amount of 
data storage.  

Gelman Rubin Auto-
continue  

Selecting this allows the user to set a Gelman-Rubin value threshold. If 
this threshold is not met at the end of interpretation, further post burn-
in accepts are triggered to allow for better convergence.  

GR Threshold  The Gelman-Rubin threshold value at which additional accepts are 
triggered if it is not met at the end of the initial analysis.  

GR Extra Accepts  The number of extra post burn-in accepts run per chain if the Gelman-
Rubin auto-continue is triggered. The analysis terminates after these 
extra iterations, regardless of the GR value at that point.  

Contributor range 
Hyper-rectangle 
percent accepts  

The percentage of accepted post burn-in MCMC iterations to be 
included in hyper-rectangle within a varNOC interpretation. Default = 
2.5%  

Number of threads  For best performance the number of threads should be directly related 
to the number of cores or virtual cores available within your analysis 
computer. STRmix™ will automatically detect this on installation, 
however the user can set these manually as well.  

Low Memory Mode  Option to conserve memory at the cost of extra execution time.  
Seed  The seed is the starting number used within the random number 

generator. Setting the seed to the same state will return the same 
results from run to run and is used to assist with validation.  

Likelihood Ratio 
Default populations  Use the + button to add and the – button to remove default 

populations for LR calculations  
Sub-source LR  Select to turn on the sub-source LR calculation. Previously called the 

Factor of N!, this is also referred to as the two stain or two trace 
problem in the literature and helps account for contributor order  
within mixed DNA profiles if you are addressing a sub-source (or ‘the 
POI is a contributor to the DNA in the mixture’) level proposition. 
Deselecting this option will enable a sub-sub-source LR calculation 
(when for example you would be addressing a specific proposition such 
as ‘the POI is the major contributor to a mixture of DNA’).  

Contributor range 
Stratify LR  

Select to use a stratified LR within a varNOC interpretation. Deselect to 
calculate an MLE LR.  

Calculate HPD  Select this option to enable the calculation of the HPD LR by default. 
Deselecting turns off this option.  

MCMC uncertainty  When selected, STRmix™ will consider genotype set weights as 
distributions and resample from these distributions during the HPD 
calculation. Weights are modelled as having a gamma(EC, 1) 
distribution where EC is an effective count. The effective count is the 
number of independent iterations where the genotype set has been the 
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focus of the MCMC and is based on the effective sample size 
calculation.  

Allele frequency 
uncertainty  

When selected, STRmix™ will consider allele frequencies as 
distributions and resample from the distributions during the HPD 
calculation.  

Number of HPD 
iterations  

Default = 1000. The number of iterations used within the Highest 
Posterior Density calculation to create the probability interval.  

Probability interval 
quantile  

Default = 99. The quantile used within the HPD calculation for the 
probability interval.  

Sides  Default = 1. The number of sides used within the HPD calculation for 
the probability interval (1 or 2).  

 
1.4.8 STRmix™ Reviews: Pre- STRmix™ Review and STRmix™  Report and Diagnostic Evaluation 

 
The advanced run report contains information that will allow the analyst to evaluate if 
an appropriate deconvolution was performed. The following criteria must be reviewed 
by both the reporting analyst and the technical reviewer to ensure proper results were 
obtained through the software. This review is documented in the STRmix™ Review 
Worksheet.  Profiles with criteria that fall out of the ranges listed below may be used 
with discretion. If necessary, samples may be re-processed to include re-injection on the 
CE instrument, re-amplification and/or re-extraction. 
 

1.4.8.1 Pre- STRmix™ Review 
1.4.8.1.1 Number of Contributors (See 1.3.4.1.1 for more detail) 
1.4.8.1.2 Input files 

1.4.8.1.2.1  The reporting analyst must review the analyzed GeneMapper 
project(s) prior to exporting the files for both evidence and known 
profiles to ensure that artifacts have been edited appropriately and 
that evidence samples have been analyzed without a stutter filter. 

1.4.8.2 Post- STRmix™ Review  
1.4.8.2.1 Primary Diagnostics (Caution if Counter-intuitive) 

1.4.8.2.1.1 Weights 
1.4.8.2.1.1.1 In STRmix™, weights are used to express how well a proposed 

genotype combination explains the profile. They are the primary 
diagnostic in STRmix™ because an experienced examiner can 
approximately estimate weights manually for most mixtures. 

1.4.8.2.1.2 Mixture Proportions 
1.4.8.2.1.2.1 Evaluate whether the contributor specific proportions STRmix 

calculated are similar to the proportions or ratios they may have 
determined prior to deconvolution. 

1.4.8.2.1.3 LRs 
1.4.8.2.1.3.1 STRmix™ calculates likelihood ratios using the following 

equation: 
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LRC: Likelihood ratio for the continuous model 
Pr: Probability of the evidence given the hypothesis, i.e. Pr(E|H) 
wj: Probability weight of genotype “j” 
wu: Probability weight of unknown genotype “u” 
Sj: Genotype “j” 
Su: Unknown genotype “u” 
H1: Hypothesis 1 or the prosecution hypothesis (Hp) 
H2: Hypothesis 2 or the defense hypothesis (Hd)having to explain 
any additional trace components to the mixture as potentially 
allelic. Note that STRmix™ will not run if there are peaks present 
that cannot be explained using stutter modelling, or drop-in and 
can only be explained via an extra contributor being present in 
the mixture 
 

1.4.8.2.1.3.2 Calculations use the Balding and Nichols formulae: 
Homozygote Loci: P(AiAi|AiAi) = [2Θ+(1-Θ)pi][3Θ+(1-Θ)pi]/[(1+Θ)(1+2Θ)] 
Heterozygote Loci: P(AiAj|AiAj) = 2[Θ+(1-Θ)pi][Θ+(1-Θ)pj]/[(1+Θ)(1+2Θ)] 

1.4.8.2.1.3.3 Allele Frequency 
1.4.8.2.1.3.3.1 Allele frequencies are updated to the posterior mean 

frequency using the equation: 

 
 
N: size of the population database 
xi: number of observations of allele i in the database.  
k: number of possible alleles 

1.4.8.2.1.3.4 The lowest, 99% 1-sided lower bound HPD (Highest Posterior 
Density), total likelihood ratio between the population groups 
will be reported. 

1.4.8.2.1.3.5 An LR of 1 suggests the evidence is neutral.  It does not help in 
addressing which proposition is true.  The higher the LR the 
greater the support for Hp or H1.  The lower the LR the greater 
the support for Hd or H2.   

1.4.8.2.2 Secondary Diagnostics (Caution if Value is Excessive) 
1.4.8.2.2.1 Average Log (Likelihood) 

1.4.8.2.2.1.1 This value shows the average log10(likelihood) for the entire 
post burn-in MCMC. The larger this value the better STRmix™ 
has been able to describe the observed data. A negative value 
suggests that STRmix™ has not been able to describe the data 



      Biology/DNA  
DNA Interpretation SOP 

Biology/DNA Division 
  
 

 
DNA Interpretation SOP Document ID: 25414 
Issued By: Section Technical Leader  Issue Date: May 17, 2021 
Uncontrolled When Printed Page 63 of 64 
 

very well given the information it has been provided. Reasons 
why this value may be low or negative are: 

1.4.8.2.2.1.1.1 The profile is simply very low level and there is very little  
        data making up the likelihood, 

1.4.8.2.2.1.1.2 There are large stochastic events in the STRmix™ run (e.g. 
large heterozygote peak imbalances or variation in mixture 
proportions across the profile). These may be 
forced by mis-assignment of the number of contributors, 

1.4.8.2.2.1.1.3 Data has been removed that was real, particularly stutter 
peaks, and must now be described in STRmix™ by dropout, 
or  

1.4.8.2.2.1.1.4 Artifactual peaks have been left labelled and must now be 
accounted for in STRmix™ by drop-in. 

1.4.8.2.2.1.2 A low or negative value for the average log10(likelihood) may 
indicate to users that the analysis requires additional scrutiny. 

1.4.8.2.2.2 Gelman-Rubin Convergence Diagnostic 
1.4.8.2.2.2.1 This diagnostic describes how closely the independent chains of 

the MCMC process converged on the same genotypes by the 
end of the deconvolution.  A value between 1 and 1.2 is optimal 
as per the manufacturer recommendation. 

1.4.8.2.2.2.2 Large Gelman-Rubin values mean that increased MCMC accepts 
may be necessary for the chains of the MCMC to converge.  A 
mildly elevated GR statistic above 1.2 should not be interpreted 
as indicating an unreliable run. 

1.4.8.2.2.3 Allelic and Stutter Variance 
1.4.8.2.2.3.1 Both the allele and stutter variance constants are the average 

value across the entire post burn-in MCMC analysis. These 
values can be used as a guide as to the level of stochastic 
variation in peak heights that is present in the profile.  

1.4.8.2.2.3.2 If the variance constant has increased markedly from the mode 
of the prior distribution, then this may indicate that the DNA 
profile is sub-optimal or that the number of contributors is 
incorrect.   Used in conjunction with the average 
log10(likelihood), a large allele variance or stutter variance 
constant can indicate poor PCR. If the sample is simply low level 
this should result in a low average log10(likelihood) 
and average variance constants. If some data has been omitted, 
artifact labels left on or misinterpreted this should result in a 
low or negative average log10(likelihood) and high variances. 

1.4.8.2.2.3.3 Low-level and stochastic samples are expected to have larger 
deviations, while robust and simpler profiles should have 
variances that are closer to the mode. 
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1.4.8.2.3 Other Diagnostics and Criteria for Review 
1.4.8.2.3.1 Case Number and Sample ID 

1.4.8.2.3.1.1 These should correlate between the electropherogram 
interpreted within STRmix and the item being reported. 

1.4.8.2.3.2 Contributor Specific degradation 
1.4.8.2.3.2.1 These values should correlate to the analysts’ determination if 

no, low, moderate or severe degradation has occurred. As the 
severity of the degradation increases, the RFU/bp (Relative 
fluorescent units per base pair) value also increases within the 
software. 

1.4.8.2.3.3 Acceptance Rate 
1.4.8.2.3.3.1 This value is calculated by dividing the number of post burn-in 

MCMC accepts by the total iterations.  A low acceptance rate 
(for example, 1 in thousands or 1 in millions) may indicate the 
need for additional MCMC accepts in order for proper 
deconvolution to occur.  The acceptance rate is calculated by 
the software and given as a 1 in ____ number. 

1.4.8.2.3.4 Total Iterations 
1.4.8.2.3.4.1 The value displayed in this section indicates the total number of 

post burn-in iterations that the MCMC ran for during its 
analysis. This value, along with the number of accepts chosen 
for the analysis can inform the user as to how often a new 
proposed set of parameters was accepted. This is referred to as 
the acceptance rate.  

1.4.8.2.3.4.2 For example, the analysis that lead to the above results was 
carried out with 100,000 burn-in accepts per chain and 50,000 
post burn-in accepts per chain. Assuming eight chains this 
would be 400,000 post burn-in accepts spread across 3,266,751 
total iterations. If we divide 
the post burn-in accepts by the total iterations we can get the 
acceptance rate: 400,000 / 3,266,751 = 0.11224 or 1 in 8.17.  

1.4.8.2.3.4.3 While this value does not provide a diagnostic as to whether the 
MCMC has converged it can inform the user as to how clustered 
the parameter values had to be about a specific point in order 
to be accepted. A very low acceptance rate (e.g. 1 in thousands 
to millions) may, in combination with the other diagnostics, 
indicate that the analysis needs to be run for additional 
iterations. On its own (and without any other indication of sub-
optimal results) a low acceptance rate is not an indication that 
work is required. 

1.4.8.2.3.5 Effective Sample Size 
1.4.8.2.3.5.1 Effective sample size (ESS) is the number of independent 

samples the MCMC has taken from the posterior distribution of 
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all parameters. A low ESS in relation to the total number of 
iterations suggests that the MCMC has not moved very far with 
each step or has had a low acceptance rate. A low absolute 
value of ESS (e.g. 10s or 100s) will mean that there is potential 
for a large difference in weights if the analysis was run again. 
This potential will be taken into account during HPD interval 
generation in any LR calculations when this function is enabled 
with the software (unless the genotype sets are completely 
resolved on a single combination, in which case there will be no 
effect of ESS on the HPD interval). Again, a low ESS on its own is 
not an indication that rework is required. 

1.4.8.2.3.6 Propositions Under Hp (H1) and Hd (H2) (See 1.3.9.2 for more detail) 
The analyst and a second qualified analyst will ensure that proper 
reference samples will be entered in the software to address the 
plausible court questions about the origin/composition of the DNA 
profile. 

1.4.8.2.3.6.1 Verify Input Files                                                                    
Compare the input data to the electropherograms for both 
evidence and known profiles to ensure correct genotypes were 
imported. 

1.4.8.2.3.7 In addition to the run diagnostics, contributor weights and mixture 
proportions should be reviewed to ensure that the deconvolution 
conforms to the analyst’s qualitative expectations of approximate 
contributor ratios and likely genotype pairs based upon their 
assessment of the data. 

1.4.8.2.3.8 Once the run diagnostics, contributor weights, and mixture 
proportions have been reviewed, the analyst may determine it is 
necessary to re-run the deconvolution.  Reasons for a repeat 
deconvolution must be clearly documented in the case file. 

 
1.4.9 Comparisons to References and Likelihood Ratio Calculation 

1.4.9.1 Comparisons between evidentiary profiles and references determined to be 
probative in the context of a case will be achieved via the STRmix™ LR from Previous 
Analysis function, unless the comparisons are to discrete contributor profiles as 
described below. Examples follow: 

1.4.9.1.1 A two-person mixture is obtained from a vaginal swab in a sexual assault 
investigation. A mixture deconvolution is run, conditioned on the  
complainant’s profile, and a discrete contributor profile is obtained for the  
second contributor. Exclusions relative to this discrete contributor profile  
may be achieved via a manual comparison. Probative inclusions must be 
supported by a likelihood ratio. 

1.4.9.1.2 A three-person mixture is obtained from a vaginal swab in a sexual assault 
investigation. A mixture deconvolution is run, conditioned on the 
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complainant’s profile, and one discrete contributor profile is obtained. The 
other contributor profile could not be fully determined. Although an 
individual may be manually excluded from the discrete contributor profile 
obtained, a likelihood ratio calculation against the full mixture may need to 
be calculated to assess their potential as the third contributor to the 
mixture, if the third donor is suitable for comparison. 

1.4.9.2 Setting Up Propositions for Calculating the Likelihood Ratio  
1.4.9.2.1 The likelihood ratio compares the probability of observing the evidence 

profile given two alternate hypotheses: one in which the person of interest 
(POI) is a contributor to the evidentiary profile, called Hp or H1, and one in 
which a random person, unrelated to the POI, is a contributor to the 
evidentiary profile, called Hd or H2. 

1.4.9.2.2 Non-conditioned LRs will first be run against a single POI at a time. If 
case scenario dictates that the multiple persons of interest are probative 
in combination, then LRs should be calculated for each person 
individually and also for the individuals all together. 

1.4.9.2.3 If the case scenario does not dictate that multiple contributors together 
are probative, but inclusions to a number of contributors equal to the 
assumed number of contributors have been made, a final LR evaluating 
the likelihood of the individuals contributing to the mixture together will be 
calculated. This assessment is for verification of the contributor 
combination only, and is not performed to provide weight to the combined 
contribution. 

1.4.9.2.4 To form an evaluative opinion from a set of observations, it is necessary for 
the forensic scientist to consider those observations in the light of 
propositions and forensically relevant case information. The propositions 
should represent the positions of the different participants in the legal 
process. In a criminal trial, the propositions will represent the positions of 
prosecution and defense, respectively, and will be reported as hypothesis 1 
(prosecution) and hypothesis 2 (defense). 

1.4.9.2.5 It is crucial that close attention is given to the formulation of propositions. 
The propositions in any given case depend on the case circumstances at the 
time the interpretation is being carried out. Relevant case information may 
include, but is not limited to, the following elements: 

1.4.9.2.5.1 The activities alleged by the prosecution and defense (e.g., the 
defendant having intercourse with the complainant, the defendant 
licking the complainant’s neck, etc.), 

1.4.9.2.5.2 The time at which these events supposedly took place, 
1.4.9.2.5.3  Where the alleged activities supposedly occurred and what other 

activities took place at this location before and after the alleged 
activities (e.g., in defendant’s bed where the defendant had 
consensual sex with his girlfriend before the alleged activities with the 
complainant) 
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1.4.9.2.5.4 The nature of the population of alternate sources for the DNA profile 
(e.g., close relatives of the defendant or complainant, individuals 
considered unrelated to the defendant and the complainant, etc.) 

1.4.9.2.6 Example proposition scenarios are as follows: 
1.4.9.2.6.1 A two-person mixture recovered from a victim’s neck swab. 

Deconvolution is conditioned on the complainant (C). A suspect (S) 
standard is received for comparison. 

1.4.9.2.6.1.1 Hp/H1: DNA contributors are C and S 
1.4.9.2.6.1.2 Hd/H2: DNA contributors are C and an unknown 

1.4.9.2.6.2 A two-person mixture is recovered from a condom left at a crime 
scene. Deconvolution is performed without conditioning. Initially, two 
sets of propositions will be run: 

1.4.9.2.6.2.1 Hp/H1: DNA contributors are C and an unknown 
1.4.9.2.6.2.2 Hd/H2: DNA contributors are two unknowns 

 
1.4.9.2.6.2.3 Hp/H1: DNA contributors are S and an unknown 
1.4.9.2.6.2.4 Hd/H2: DNA contributors are two unknowns 

 
1.4.9.2.6.2.5 If the LRs from the propositions above support inclusion of both 

the victim and the suspect individually, a third set of 
propositions will be run: 

1.4.9.2.6.2.5.1 Hp/H1: DNA contributors are C and S 
1.4.9.2.6.2.5.2 Hd/H2: DNA contributors are two unknowns 

 
1.4.9.2.6.3 A two-person mixture is recovered from a cigarette butt left in a 

stolen vehicle. Three references are submitted, one from the vehicle 
owner (C), one from suspect 1 (S1), and one from suspect 2 (S2). 
Initially, three sets of propositions will be run. 

1.4.9.2.6.3.1 Hp/H1: DNA contributors are C and an unknown 
1.4.9.2.6.3.2 Hd/H2: DNA contributors are two unknowns 

 
1.4.9.2.6.3.3 Hp/H1: DNA contributors are S1 and an unknown 
1.4.9.2.6.3.4 Hd/H2: DNA contributors are two unknowns 

 
1.4.9.2.6.3.5 Hp/H1: DNA contributors are S2 and an unknown 
1.4.9.2.6.3.6 Hd/H2: DNA contributors are two unknowns 

 
1.4.9.2.6.3.7 If the LRs from the propositions above support exclusion of the 

complainant and inclusion of both suspects, a fourth set of 
propositions will be run. 

1.4.9.2.6.3.7.1 Hp/H1: DNA contributors are S1 and S2 
1.4.9.2.6.3.7.2 Hd/H2: DNA contributors are two unknowns 
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1.4.9.2.6.4 A three-person mixture is recovered from a stocking cap left at a 
burglary scene. Two references are submitted, one from suspect 1 
(S1) and one from suspect 2 (S2). 

1.4.9.2.6.4.1 Hp/H1: DNA contributors are S1 and two unknowns 
1.4.9.2.6.4.2 Hd/H2: DNA contributors are three unknowns 

 
1.4.9.2.6.4.3 Hp/H1: DNA contributors are S2 and two unknowns 
1.4.9.2.6.4.4 Hd/H2: DNA contributors are three unknowns 

 
1.4.9.2.6.4.5 If the LRs from the propositions above support inclusion of both 

suspects individually, a third set of propositions will be run: 
1.4.9.2.6.4.5.1 Hp/H1: DNA contributors are S1, S2, and an unknown 
1.4.9.2.6.4.5.2 Hd/H2: DNA contributors are three unknowns 

 
1.4.9.2.6.5 A three-person mixture is recovered from a knife found at a homicide 

scene where the victim was stabbed. Two references are submitted: 
One from the victim (V) and one from the suspect (S). 

1.4.9.2.6.5.1 Hp/H1: DNA contributors are V and two unknowns 
1.4.9.2.6.5.2 Hd/H2: DNA contributors are three unknowns 

 
1.4.9.2.6.5.3 Hp/H1: DNA contributors are S and two unknowns 
1.4.9.2.6.5.4 Hd/H2: DNA contributors are three unknowns 

 
1.4.9.2.6.5.5 If the LRs from the propositions above support inclusion of both 

the victim and the suspect, a third set of propositions will be 
run. 

1.4.9.2.6.5.5.1 Hp/H1: DNA contributors are V, S, and one unknown 
1.4.9.2.6.5.5.2 Hd/H2: DNA contributors are three unknowns 

 
1.4.10 Workflow Considerations 

1.4.10.1 STRmix deconvolution will be run independent of any reference profiles 
and likelihood ratio calculations, unless one of the following conditions is 
met: 

1.4.10.1.1 The profile is single source. 
1.4.10.1.2 The deconvolution is being conditioned on a contributor. 
1.4.10.1.3 The reference profile comparison is being performed to assess for 

potential conditioning of the evidence profile deconvolution.   
1.4.10.2 Given the nature of MCMC, each time a profile is run through STRmix™ analysis  

the results will vary slightly. In order to be as unbiased as possible STRmix™  
analysis of a single evidence sample should only be conducted once, with those  
results being reported, unless troubleshooting is needed. 

1.4.10.3 LRs that are generated unnecessarily (e.g. administrative mistakes, wrong  
profile importation or conditioned needlessly) or due to a diagnostic issue that  
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indicates the LR is a poor description of the data (e.g. LR=1 or Gelman-Rubin  
convergence is out of range) do not need to be reported, but reference to their 
existence must be included in the case record and the associated data must be 
maintained in a retrievable location, such as a regularly backed-up digital 
storage location. 

1.4.10.4 LRs that are generated to support an inclusion for a co-contributor hypothesis  
or conditioning of an individual to a mixed DNA profile do not need to be  
reported, but reference to their existence must be included in the case record 
and the associated data must be maintained in a retrievable location, such as a 
regularly backed-up digital storage location. 

1.4.10.5 If likelihood ratios supporting inclusion are obtained for most or all loci and  
there is a single locus where the LR is 0, the assumptions, input file (to include 
the STRmix input electropherogram) and weights should be scrutinized. 

1.4.10.5.1 If an input error is detected, re-run the deconvolution and/or the LR 
from previous as needed. 

1.4.10.5.2 If assumptions (e.g. number of contributors, conditioned contributors) 
are revised, clearly document the reason for the revised assumption 
and re-run the deconvolution and/or the LR from previous as needed. 

1.4.10.5.3 If no input errors were made and/or revisions to assumptions are not 
appropriate, consult with DNA Technical Leader, the Assistant DNA 
Technical Leader, the Forensic Biology Manager, the DNA Interpretation 
Supervisor, or the Forensic Biology Training Coordinator before proceeding. 

1.4.10.6 Single source profiles or multiple matching single source profiles having all  
allelic data at homozygous loci above the stochastic threshold are not required  
to be deconvoluted in STRmix™ until such time as a matching probative  
reference is obtained. Upon receipt of the reference, only one likelihood ratio  
will be calculated, using the sample with the lowest APH.  All associations will be   
reported using the single likelihood ratio. 

1.4.10.7 If CODIS entry is not a consideration (e.g. sample not eligible, fewer than 7  
original core loci, other more complete sample is slated for entry), STRmix™  
deconvolution is not required until such time as a matching probative reference  
is obtained. Upon receipt of the reference, individual likelihood ratios will be  
run and reported separately for all profiles with homozygous alleles below the  
stochastic threshold. 

1.4.10.8 Discrete contributor profiles will be found in the “SUMMARY >=99%” portion of  
the STRmixTM report. This summary lists the genotype(s) that are found in >99%   
of the weights as determined by STRmix and may be listed as fully resolved (e.g.  
17,17 or 17,18), partially-resolved (e.g. 17,F), or non-resolved (F,F).  
Summary profiles having a minimum of 7 of the original core CODIS STR loci  
and/or D2S1338 and D19S433 are considered discrete contributor profiles and  
may move forward as single source for the purposes of comparing to other  
profiles and/or CODIS entry as appropriate. Summary profiles having fewer than  
7 STR loci are considered not fully resolved. 
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1.4.10.9 After the release of the analytical report, additional propositions may be  
evaluated upon documented customer request. Only those requests for 
which the propositions are determined to be reasonable in the context of 
the case will be granted. Granting this request is at the discretion of Forensic  
Biology management. 

1.4.10.9.1 Whenever possible, the reference for any related alternate persons of 
interest should be requested, tested, and compared (e.g., the brother of the 
defendant).  

1.4.11 STRmix™ Settings 
1.4.11.1 STRmix™ Run Settings 
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1.4.11.2 STRmix™ General Kit Settings (Houston FSC_GlobalFiler_3500) 

 
 

1.4.11.3 STRmix™ Stutters Kit Settings (Houston FSC_GlobalFiler_3500) 
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1.4.11.4 STRmix™ Loci Kit Settings (Houston FSC_GlobalFiler_3500) 
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1.4.11.5 STRmix™ General Default Settings 

 
1.4.11.6 STRmix™ Likelihood Ratio Default Settings 
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1.5 References: 

  
(1) User Bulletin GeneMapper® ID Software v3.2.1 Patch, ©2007; PN 4382255 Rev. A 

 
(2) GeneMapper™ ID Software Version 3.1 Human Identification Analysis User Guide, ©2003; PN 

4338775 Rev. C 
 

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

(4) SWGDAM Interpretation Guidelines for Autosomal STR Typing by Forensic DNA Testing 
Laboratories, Approved 1/14/10. 
 

(5) Coble, M. and Butler, J. (September 2011) “Exploring the Capabilities of Mixture Interpretation 
Using True Allele Software”.  24th Congress of the International Society for Forensic Genetics, 
Vienna, Austria.http://www.cstl.nist.gov/strbase/pub_pres/ISFG2011-Coble-TrueAllele.pdf 
 

(6)  SWGDAM Interpretation Guidelines for Y-Chromosome STR Typing, Approved 1/9/14. 
 

(7)  Houston Forensic Science Center Validation of the GlobalFiler® PCR Amplification Kit using the 
3500XL Genetic Analyzer Validation Binders 1 and 2. 

 
(8)  Houston Forensic Science Center Validation of the Yfiler® Plus PCR Amplification Kit using the 

3500XL Genetic Analyzer Validation Binders 1 and 2. 
 

(9)  Butler, John M.  Advanced Topics in Forensic DNA Typing: Interpretation.   San Diego: Academic 
Press, 2015. 
 

(10)  SWGDAM Interpretation Guidelines for Autosomal STR Typing by Forensic DNA Testing 
Laboratories, Approved January 12, 2017. 
 

(11)  STRmix™ V2.6 User’s manual, Issued by the Institute of Environmental Science and Research 

Limited.  Date of Issue: 1 August 2018.   

(12) STRmix™ V2.6 Operation, manual Issued by the Institute of Environmental Science and Research 
Limited.  Date of Issue: 8 April 2019. 

(13) ThermoFisher Scientific.  Technical Note: Artifacts Identified Post-Developmental Validation: 
GlobalFiler™ and GlobalFiler™ IQC PCR Amplification Kits. Date of Issue: May 11, 2020. 

 

 

http://www.cstl.nist.gov/strbase/pub_pres/ISFG2011-Coble-TrueAllele.pdf
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2 Non-Probabilistic Statistics 
 
• STRmix™ has been validated for use on data generated at the HFSC using the GlobalFiler PCR 

Amplification Kit and is therefore not available for use on non- GlobalFiler data.  For data typed with 
legacy amplification kits or for data generated by a lab other than HFSC, STRmix™ cannot be used for 
interpretation and likelihood ratio generation.  For non-GlobalFiler samples that are suitable for 
comparison, a non-probabilistic approach to interpretation and subsequent statistics may be 
appropriate. Likewise, it may be appropriate to apply a non-probabilistic approach to interpretation 
and subsequent statistics on previously interpreted GlobalFiler data.  This section describes those 
statistical approaches.   
 

• If DNA extract remains, the samples can be re-amplified using the GlobalFiler PCR Amplification Kit.  
See the Forensic Biology Case Management Policy for more detail on interpreting previously 
reported data. 
   

• Once a match has been identified and an individual included as a possible source of evidentiary 
material, the significance of that match is estimated to allow investigators, the legal sector, and 
ultimately a judge or jury of lay persons to place the appropriate emphasis on the conclusion.  
Although every locus analyzed is evaluated, some loci may provide no information regarding a 
particular comparison.  Because it is the significance of the match that is important, only the 
matching loci can be considered when estimating significance and only after the analyst has 
determined that the profiles match.  The different methods of calculating significance, when each is 
to be applied, and the population data from which they are calculated are addressed in this 
protocol.  

 
• Significance estimates must be presented in the report for all probative matches.  Significance 

estimates are not required for non-probative matches. Non-probative matches may be those from 
intimate samples or a reasonably assumed contributor (see section 1.2.3.1).   

 
• The laboratory must perform statistical analysis in support of any inclusion, other than for non-

probative matches, regardless of the number of alleles detected and the quantitative value of the 
statistical analysis.  If an individual cannot be excluded but statistics cannot be performed (due to 
stochastic issues), no conclusions can be rendered for that particular individual. 

 
• For all estimates, statistical significance is expressed as an inverse probability of inclusion.   

 
• The interpretation of the evidentiary profile should determine the statistical approach used. It is 

inappropriate to make inclusions or exclusions based on the statistical approach without first 
considering the interpretation of the profile. 
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• “Such estimates of the frequency of a particular profile in a population are, of course, subject to 
uncertainty.  Even moderate -sized DNA databases (drawn from samples of several hundred 
persons) are subject to statistical uncertainty, and in smaller ones, the uncertainty is greater.  In 
addition, the database might not properly represent the population that is relevant to a particular 
case.  Finally, the assumptions of HW [Hardy-Weinberg] and LE [linkage equilibrium], although 
reasonable approximations for most populations, are not exact …we believe that it is safe to assume 
that the uncertainty of a profile frequency calculated by our procedures from adequate databases 
(at least several hundred persons) is less than a factor of about 10 in either direction.” (10, p. 27) 

 
2.1 Single source significance calculation 

2.1.1 The random match probability (RMP) is an estimate of the rarity of the observed DNA 
profile of a single individual, or the chance that a randomly selected individual from a 
population has an identical STR profile or combination of genotypes at the DNA markers 
used.6 

2.1.1.1 Random match probability can be applied if the evidentiary profile is determined to 
be any of the following: 

• Single source  
• Major component of a mixture with one contributor 
• Deduced component of an intimate mixture  
• Obligate minor component of a two-person mixture 

2.1.1.2 RMP is suitable for genotypes that are attributed to a single individual.   
2.1.2 The following formulae from NRC II Recommendation is used: 

2.1.2.1 For heterozygotes: 
• f = 2pq (NRC II formula 4.1b). 

2.1.2.2 For loci where the genotype is clearly identified as homozygous 
• f = p2 + p (1-p)θ  where θ = 0.01 (NRC II formula 4.4a).  
• Population substructure is taken into account with the theta correction  
• θ = 0.01 is a reliable and conservative estimate of population substructure, but 
case-specific reasons may warrant the adoption of a higher value 

2.1.2.3 For loci where the genotype is ambiguous as homozygous or heterozygous:   
• f=2p-p2  
• When this option is used it must be selected in the PopStats for each locus 

that it applies to.  Check the box that says Rec 4.1 for each locus. 
2.1.2.4 Assuming Hardy-Weinberg and linkage equilibrium, the expected proportion of a 

specific genetic profile is computed by calculating the genotype frequencies at each 
locus and multiplying them, using the product rule. (10) 

2.1.2.5 Popstats shall be used to calculate the RMP on a “Forensic Single Sample”.  The 
“Broward Report” shall be printed and included in the case file. 

 
2.2 Mixed source significance calculation 

2.2.1 The combined probability of inclusion (CPI) is a probability of what fraction of the 
population would be included as a contributor to a DNA mixture.   
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2.2.2 For the frequency of each locus, Probability of Inclusion (PI) = (p1 + p2 + p3 + p4 +… + pk)2 
where p is the estimated frequency of the allele detected for each allele 1 through k, 
and k is the number of alleles detected at the locus. 

2.2.3 However, PopStats is configured to use Theta in the Probability of Exclusion/Inclusion 
Calculations: 

2.2.3.1 PI = (p1 + p2 + p3 + p4 +… + pk)2 + θ(p1(1- p1)+ p2(1- p2) + p3(1- p3) + p4(1- p4) +… + pk(1- 
pk), where θ = 0.01. 

2.2.4 For all loci used to identify the match, CPI = (PI1 x PI2 x PI3 x PI4 x… x PIk), where k is the 
number of loci, assuming Hardy-Weinberg and linkage equilibrium. 

2.2.5 CPE (combined probability of exclusion) = 1 – CPI 
2.2.6 The CPI calculation does not take into account the number of contributors.  It is suitable 

for samples with either a finite number of contributors or those with an at least 
designation. 

2.2.7 The main principle of the mixture calculation is to use loci where dropout is unlikely.  
Only loci with the data from all contributors may be calculated. Use of partial data that 
excludes some alleles, such as a major component that is a mixture, is permissible. 

2.2.8 If a finite number of contributors is not determined for a mixture, then extreme caution 
must be used to ensure that loci where dropout could have occurred are not used in the 
CPI calculation 

2.2.9 The following process can aid in determining appropriate loci for mixture calculation 
2.2.9.1 Exclude loci as follows: 

2.2.9.1.1 Identifiler Plus or GlobalFiler loci with alleles below the stochastic threshold.  
2.2.9.1.2 Identifiler Plus or GlobalFiler loci where data is observed below analytical 

threshold. Caution must be exercised in distinguishing baseline from 
potential allelic activity. 

2.2.9.1.3 Identifiler Plus or GlobalFiler loci where other loci suggest there could be 
alleles below stochastic threshold 

2.2.9.2 Loci may be re-instated as follows: 
2.2.9.2.1 Mixtures with an assumption of finite number of contributors where all data 

is observed (i.e., four alleles are present or one major and two minor alleles) 
2.2.10 Allele sharing/stacking of alleles due to sharing creates more uncertainty.4   An allele 

may ultimately exceed the stochastic threshold due to the stacking of a true allele with 
another true allele, or a true allele with an artifact such as stutter.  In these instances, 
the analyst should consider excluding the locus from statistical analysis, despite all 
alleles exceeding the stochastic threshold.  The reason for excluding a locus that is 
otherwise acceptable must be documented in the case record.  

2.2.11 Mixture calculations may not be performed on mixtures believed to contain DNA from 
related individuals as the calculation assumes unrelated individuals.  Indistinguishable 
mixtures of related individuals may be reported as inconclusive if a statistical analysis is 
not possible to support the inclusion. 

2.2.12 Popstats shall be used to calculate the CPI on a “Forensic Mixture”.  The “Probability of 
Inclusion (Short)” Report shall be printed and included in the case file. 
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2.3 Statistical Considerations  
2.3.1 Stochastic Threshold   

2.3.1.1 The stochastic threshold is the “RFU value above which it is reasonable to assume 
that, at a given locus, allelic dropout of a sister allele has not occurred1”.  The 
validation data support a stochastic threshold for Identifiler Plus samples of 200 
RFUs using a 5 or 10 second injection and a stochastic threshold for GlobalFiler 
samples of 500 RFUs (except Y Indel and DYS391 which do not have established 
stochastic thresholds).  Analysts must use caution when activity is observed below 
the analytical threshold, even though all labeled activity is above the stochastic 
threshold.  It may be appropriate to exclude the locus from statistical analyses.  Due 
to the possibility of allelic drop-out, it may not be appropriate to perform a ratio 
calculation between major and minor components, given the minor component may 
not be fully represented. 

2.3.1.2 References are expected to be single-source.  When the data supports that a 
reference profile is single-source, it is permissible to use evidentiary data that 
satisfies stochastic threshold criteria even though the reference may not satisfy 
stochastic threshold criteria at all loci. 

 
2.3.2 Interpretation of Potential Stutter Peaks in a Mixed Sample1  

2.3.2.1 For mixtures in which minor contributors are determined to be present, a peak in 
stutter position (generally n-4) may be determined to be 1) a stutter peak, 2) an 
allelic peak, or 3) indistinguishable as being either an allele or stutter peak.  This 
determination is based principally on the height of the peak in the stutter position 
and its relationship to the stutter percentage expectations established by the 
laboratory.  Generally, when the height of a peak in stutter position exceeds the 
laboratory’s stutter expectation for a given locus, that peak is consistent with being 
of allelic origin and is be designated as an allele.  If a peak is at or below this 
expectation, it is generally designated as a stutter peak.  However, it should also be 
considered as a possible allelic peak, particularly if the peak height of the potential 
stutter peak(s) is consistent with (or greater than) the heights observed for any 
allelic peaks that are conclusively attributed (i.e., peaks in non-stutter positions) to 
the minor contributor(s). 

2.3.2.2 If filtered minor peaks could be attributed to the minor component, then the locus 
must be excluded from the CPI calculation.   

2.3.2.3 It is not advisable to use the peak heights of alleles conclusively attributed to a 
second or third contributor at larger loci to determine whether a peak(s) at smaller 
loci may be filtered stutter, particularly if degradation is suspected.   

 
2.3.3 Minimum and null allele frequencies 

2.3.3.1 Following NRC II recommendations, minimum allele frequencies are calculated using 
5/2N where N is the number of individuals in the population database and null allele 
frequencies are set to 0. 
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2.3.4 Off-ladder alleles 
2.3.4.1 Off-ladder alleles that have been confirmed by re-injection (in the case of STR 

analysis) or appearance in more than one sample are used to determine a match 
and estimate the significance of that match. The allele frequency is the calculated 
minimum allele frequency for that locus and population group if not contained in 
the database. 

 
2.4 Software 

2.4.1 The latest available and installable version of the FBI’s PopStats software is configured 
to use the above formulae and used to calculate significance estimates. The Forensic-
Single Sample data input option is used for single source significance calculations. The 
Forensic Mixture Case data input option and the Mixture Formula is used for mixed 
source significance calculations. 

2.4.2 In PopStats2: 
2.4.2.1 For significance estimates calculated after Service Pack #7 (SP7) upgrade on January 

6, 2017:  PopStats is configured to use the NIST database.8  NIST determined the 
genotypes and allele frequencies for a total of 1036 unrelated U.S. population 
samples using 29 autosomal short tandem repeat (STR) loci that are available in 
commercial STR multiplex kits including D1S1656, D2S441, D2S1338, D3S1358, 
D5S818, D6S1043, D7S820, D8S1179, D10S1248, D12S391, D13S317, D16S539, 
D18S51, D19S433, D21S11, D22S1045, CSF1PO, F13A01, F13B, FESFPS, FGA, LPL, 
Penta C, Penta D, Penta E, SE33, TH01, TPOX, and vWA.  

 
The genotypes are listed for the full set (n = 1036) of samples and are also separated by 
each population group: African American (n = 342), Caucasian (n = 361), Hispanic (n = 236), 
and Asian (n = 97). 
 
2.4.2.2 For significance estimates calculated prior to the SP7 upgrade: PopStats was 

configured to use the African American (Blk), U.S. Caucasian (Cau), Hispanic (SWH) 
databases for the 13 core STR loci that were created from data developed by the FBI 
Forensic Science Research Unit in Quantico, VA.  The data are published in the 
Journal of Forensic Sciences under the title "Population Data on the Thirteen CODIS 
Core Short Tandem Repeat Loci in African Americans, U.S. Caucasians, Hispanics, 
Bahamians, Jamaicans, and Trinidadians", by Bruce Budowle, Ph.D., Tamyra R. 
Moretti, Ph.D., Anne L. Baumstark, B.S., Debra A. Defenbaugh, B.S., and Kathleen M. 
Keys, B.S. (J. of Forensic Sci., 1999; 44(6):1277-1286). 

2.4.2.2.1 The African American (Blk), U.S. Caucasian (Cau), Hispanic (SWH), Chamorro, 
and Filipino databases for D2S1338 and D19S433 were copied from Table 1 
and Table 2 of "Population Data on the STR Loci D2S1338 and D19S433" by 
Bruce Budowle, Patrick J. Collins, Pero Dimsoski, Constance K. Ganong, Lori 
K. Hennessy, Craig S. Leibelt, Sulekha Rao-Coticone, Farideh Shadravan, and 
Dennis J. Reeder; Forensic Science Communications, July 2001, Volume 3, 
Number 3.   
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2.4.2.2.2 An erratum was issued in June 2015 correcting some of the data sets listed 
above.  This erratum was necessary since a comparison of the previous data 
with new STR kits revealed some discrepancies.  As stated in the erratum, 
these differences were attributed to “human error, typically due to the 
limited software capabilities for genotyping with manual data editing and 
recording, and (ii) technological limitations (e.g., insufficient resolution for 
distinguishing microvariants by polyacrylamide gel electrophoresis).”  
Moretti, T. R., Budowle, B. and Buckleton, J. S. (2015), Erratum. J Forensic 
Sci, 60: 1114–1116. doi:10.1111/1556-4029.12806 

2.4.2.2.3 Population data for other racial groups are available within PopStats as part 
of published data from the Journal of Forensic Science under the title 
“CODIS STR Loci Data from 41 Sample Populations” by Budowle, et. al, (J. 
Forensic Sci. 2001;46(3):453-489). 

 
2.5 Significance Estimation for Forensic Parentage and Relationship Cases 

2.5.1 This section refers to paternity calculations, as the vast majority of cases involve 
questions of the paternity of a child.  However, the same statistical approach and 
formulas can be used in significance estimations in maternity cases.  

2.5.2 Formulas for Paternity Index Calculations 
2.5.2.1 Capital letters refer to the allele(s) present in each individual tested and small 

letters refer to the frequency of the allele(s). 
 

M C AF PI 
BD AB AC 1/2a 
BC AB AC 1/2a 
BC AB AB 1/2a 
BC AB A 1/a 
B AB AC 1/2a 
B AB AB 1/2a 
B AB A 1/a 
AB AB AC 1/ [2(a+b)] 
AB AB AB 1/ (a+b) 
AB AB A 1/ (a+b) 
AB A AC 1/2a 
AB A AB 1/2a 
AB A A 1/a 
A A AB 1/2a 
A A A 1/a 
Unknown AB AC 1/4a 
Unknown AB AB (a+b)/4ab 
Unknown AB A 1/2a 
Unknown A AC 1/2a 
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Unknown A A 1/a 
 

2.5.2.2 The Combined Paternity Index (CPI) is calculated by multiplying these individual PIs.  
The Probability of Paternity is to be calculated, using the formula below, which 
assumes a prior probability of 50%: 

2.5.2.3 Probability of paternity = (CPI/(CPI +1)) X 100 
2.5.2.4 When a mismatch occurs, PI = µ/PEx, µ is the general locus mutation rate and PEx is 

the average probability of exclusion for the locus.7 
2.6 Popstats  

2.6.1 Biological Parent: on the Parentage Trio Target Profile window, this field’s entry 
represents the profile of the biological parent of the child for whom parentage is being 
determined.  At least one allele at each locus from this DNA profile must match one 
allele in the Child profile. 

2.6.2 Child: on the Parentage Trio Target Profile window, this field’s entry represents the 
profile of the child for whom parentage is being determined.  One allele at each locus 
from this DNA profile must match one allele in the Known Parent profile. 

2.6.3 Alleged Parent: on the Parentage Trio Target Profile window, this field’s entry 
represents the profile of the alleged parent of the child for whom parentage is being 
determined.  If alleles from this DNA profile match alleles in the Child profile, then this 
alleged parent cannot be excluded from consideration as the biological parent of the 
child for whom parentage is being determined. 

2.6.4 When entering the profiles for comparison into Popstats Kinship (Parent-Offspring) 
statistics, the child must be entered into the Reference side (left) and the mother or 
father in the Evidence side (right).  The reason for this is a case where one locus with a 
mismatch, indicating a mutation, Popstats will need to calculate the Average Mutation 
Paternity Index (AMPI).  The AMPI is calculated based on the probability of exclusion, 
and in the case of Single Parentage, the probability of exclusion is based on the whole 
profile of the first profile entered (the Reference) and is assumed to be the child.   

2.6.5 Single Parentage or “Motherless Paternity” Formulas 
2.6.5.1 Simplified Parentage Index Formula with No Inconsistent Loci 

 Reference Evidence Parent-Offspring 
Index (PI) 

1 A A 1/a 
2 A AB 1/2a 
3 AB AB a+b/4ab 
4 AB A 1/2a 
5 AB AC 1/4a 

 
2.6.5.2 Simplified Parentage Index Formula with Inconsistent Loci 

 Child (C) Alleged 
Parent (AP) 

Parentage 
Index (PI) 

1 A B µ/Ā 
2 A BC µ/Ā 
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3 AB CD µ/Ā 
4 AB C µ/Ā 

where µ is the mutation rate of the locus and Ā is the mean power of exclusion of 
the locus. 

 
 

2.7 References: 
 

(1) SWGDAM Interpretation Guidelines for Autosomal STR Typing by Forensic DNA Testing 
Laboratories, Approved 1/14/10. 

 
(2) CODIS 8.0 PopStats 

 
(3) Coble, M. and Butler, J. (September 2011) “Exploring the Capabilities of Mixture Interpretation 

Using True Allele Software”.  24th Congress of the International Society for Forensic Genetics, 
Vienna, Austria.http://www.cstl.nist.gov/strbase/pub_pres/ISFG2011-Coble-TrueAllele.pdf 

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

 
(5) Butler, John M. Advanced Topics in Forensic DNA Typing: Interpretation. San Diego: Academic 

Press, 2015. 
 

(6) Hill, C.R., Duewer, D.L., Kline, M.C., Coble, M.D., Butler, J.M. (2013) U.S. population data for 29 
autosomal STR loci. Forensic Sci. Int. Genet. 7: e82-e83. 
 

(7) SWGDAM Interpretation Guidelines for Autosomal STR Typing by Forensic DNA Testing 
Laboratories, Approved January 12, 2017. 
 

(8)  National Research Council (NRC II) Committee on DNA Forensic Science (1996).  The evaluation 
of forensic DNA evidence.  Washington, DC: National Academy Press. 
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3 Reports 
 

3.1 The goal of DNA analysis is to determine whether a particular person is or is not the source of an 
item of biological evidence.  To accomplish this goal, DNA profiles must be generated for the 
evidentiary item and for a reference item so that the two DNA profiles can be compared.  When 
profiles are compared, they may match, differ, or lack information to where a result cannot be 
interpreted.  DNA results are issued to the requestor via a DNA report.  For some DNA requests 
a comparison cannot be made because no reference samples are available.  In those instances, 
the DNA report only provides the DNA results of evidentiary items. 

 
3.2 Conclusions made by the analyst must be supported by case notes and other documentation 

generated during the analysis process, which are maintained either in hard copy or 
electronically. The DNA report must communicate both analytical results and conclusions of the 
analyst conveying the essence of what he or she would say if asked for an expert opinion in 
court. The DNA report informs counsel during discovery what physical evidence was examined 
and what its significance may be.  Decisions may be made by police officers, attorneys, and the 
courts based on the report alone without analyst clarification, so the report must be able to 
stand alone.  Therefore, it is important to understand the significance of any DNA result. Case 
information, analysis results, and reports are only released to authorized individuals according 
to Houston Forensic Science Center (HFSC) Quality Manual requirements. 

 
3.3 The report must contain the information required in the Quality Manual, the FBI Quality 

Assurance Standards (QAS), and any relevant OSAC Standards.  Specifically, the QAS requires the 
following: case identifier, description of evidence examined, results and/or conclusions for each 
forensic sample tested, a qualitative or quantitative interpretive statement, date issued, and 
signature and title of the responsible person. In addition, QAS requires the following in each 
DNA report: 

 
• Description of DNA technology 
• Loci analyzed, if DNA analyzed or the name of kit utilized for testing 
• Disposition of evidence 

 
3.4 All samples retained in the screening report and/or received by the technicians/analyst shall be 

listed in the report.  For each sample, report the results obtained or indicate that no analysis 
was performed.  The general types of results are:  
3.4.1 A general statement about the profile or if results were not interpretable 

3.4.1.1 Whether the profile obtained is from a single source or mixture of DNA. 
3.4.1.2 For mixtures, this includes the minimum number of contributors and whether a 

male is present. 
3.4.2 For mixtures, statements must be included if any of the following apply: 

3.4.2.1 If components can be distinguished (i.e. major/minor/trace)  
3.4.2.2 A finite number of contributors is assumed 
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3.4.2.3 If a known contributor is assumed as part of a mixture  
3.4.2.4 If a foreign DNA profile is deduced 

3.4.3 All tested/known individuals shall be compared to all evidentiary results included in a 
DNA report.  If appropriate, previously unsourced evidentiary profiles should be 
compared to additional references that may be submitted in a case.  And likewise, 
unsourced evidentiary profiles tested in subsequent testing should be compared to 
previously reported references in a case but only after interpretation and 
documentation of the evidentiary data has occurred.  Note, however, that sometimes 
the results are inconclusive as to whether an individual can be excluded, but the 
inconclusive nature of that comparison shall still be included in the report.  

3.4.4 The statistical significance of a “not excluded” or “inclusionary” result:  
3.4.4.1 For non-probabilistic autosomal analysis, this is reported either for all searched 

races, or for the lowest, most common probability calculated.  (e.g., 1) The 
probability that a randomly chosen unrelated individual would be included as a 
possible contributor to this foreign male DNA profile is approximately 1 in 10 
nonillion for Caucasians, 1 in 630 nonillion for African Americans, 1 in 22 nonillion 
for Hispanics, and 1 in 19 nonillion for Asians. or 2) The probability that a randomly 
chosen unrelated individual would be included as a possible contributor to this 
foreign male DNA profile is approximately 1 in 10 nonillion individuals.)  Statistics 
are reported to three significant digits.  If all loci are not used in the statistical 
calculation, the loci used must be noted in the report.   

3.4.4.2 For parentage cases, the combined paternity index is reported for all searched 
races.  Both the CPI and Probability of Paternity are reported to two significant 
digits. 

3.4.5 The reason for inconclusive results must be clearly stated.  
3.4.6 Assumptions must be stated, e.g., mutations in paternity analysis, presumed biological 

relationships, or using an intimate evidentiary item of evidence as a known source of 
DNA in the absence of a known sample. 

3.4.7 If data is observed below analytical threshold that is impacting the number of 
contributors, its presence must be noted in the report. 

 
3.5 The analyst may include the DNA profile(s) in the report in the form of a table.   

 
When a foreign profile is deduced from an intimate sample it may be included as a separate 
line in the allele table.  When a foreign profile is detected as part of a deconvolution, for 
example as a major or minor component, it is not necessary to include that profile on a 
separate line in the allele table. 

 
If a locus is inconclusive or not responsive to testing, the profile at that locus shall not be 
reported and shall not be included in calculations of statistical significance estimations.  
Inconclusive alleles may not necessarily preclude the use of an entire locus (e.g., in instances of 
inconclusive minor activity). 
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The wording of the conclusions in reports depends on the specific nature of the results.  Reference to 
previous analysis, whether screening or DNA, must be made in each report.  When comparing new data 
to previously reported data, the report must indicate the initial data’s report date and case #, should it 
be different.    

 
3.6 Probabilistically Interpreted Results  

3.6.1 As likelihood ratios approach 1, the support for a given proposition decreases, and the 
probability of adventitious support for an incorrect proposition increases. However, 
likelihood ratios appropriately express the strength of the evidence and will be reported 
no matter how low or high the numerical value. 

3.6.2 Likelihood ratios will be truncated to three significant figures for reporting.  Likelihood 
ratios <100 will not be rounded up. 

3.6.3 Exclusions based upon manual comparisons do not require a STRmix™ interpretation.  
However, if STRmix™ interpretation yields an exclusionary LR (0), the reporting 
statement must include information indicating a likelihood ratio result was calculated. 

3.6.3.1 Example exclusionary LR report statement: 
3.6.3.1.1 Based on the likelihood ratio result, [Person A] is excluded as [a/the] 

contributor of this DNA [profile/mixture]. 
3.6.4 The statistical estimate, which is the lowest, 99% 1-sided lower bound HPD (Highest 

Posterior Density) total sub-source likelihood ratio between the population groups will 
be reported and may be expressed as either numbers or words as generated by STRmix. 
This statistic is calculated using the Caucasian, African American, Hispanic, and Asian 
population groups from the NIST Revised allele frequencies (July 2017). 

3.6.5 A qualitative statement or verbal qualifier that conveys the degree of support indicated 
by the likelihood ratio will be reported in addition to the numerical value for the LR.  It is 
intended to complement the analyst’s opinion and should not be communicated 
without a numerical value for the likelihood ratio. 

3.6.5.1 Equal (or nearly equal) support for both propositions results in a likelihood ratio of 
1, which is qualified as “Uninformative”.  As likelihood ratios increase in magnitude, 
the scale reflects stronger degrees of support.  Likelihood ratios occur on a 
continuum; the categories recommended here have been chosen in part based on 
the observation that adventitious support for a proposition (e.g., LR >1 for an 
individual whose DNA is not present in the sample; or LR <1 for an individual whose 
DNA is present in the sample) is most commonly observed within the Limited 
Support category and generally not expected within the Very Strong Support 
category. 
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3.6.5.2 Scale of Verbal Qualifiers for Reporting Likelihood Ratios  
Verbal Qualifier Likelihood Ratio 

Very Strong Support for Hypothesis 1 >1,000,000 
Strong Support for Hypothesis 1 10,000 - <1,000,000 

Moderate Support for Hypothesis 1 100 - <10,000 
Limited Support for Hypothesis 1 2 - <100 

Uninformative 0.5 - <2 
Limited Support for Hypothesis 2 <0.5 – 0.01 

Moderate Support for Hypothesis 2 <0.01 – 0.0001 
Strong Support for Hypothesis 2 <0.0001 – 0.000001 

Very Strong Support for Hypothesis 2 <0.000001 
 

3.6.5.2.1 LRs <1 will be reported as the reciprocal of the likelihood ratio to indicate 
the degree of support for Hd/H2 relative to Hp/H1. In this manner, a 
likelihood ratio of 0.01 (1/100), for example, would reflect the probability of 
the DNA evidence being 100 times more likely if the DNA originated from an 
unknown, unrelated individual (Hd/H2) than if it originated from the person 
of interest (Hp/H1).   

3.6.5.2.2 Example Likelihood Report Statements with Verbal Qualifier: 
3.6.5.2.2.1 LR in support of Hp/H1: 

The DNA results are approximately XXX times more likely if they 
originated from [POI] and an unknown, unrelated individual than if 
they originated from two unknown, unrelated individuals. This 
provides [limited/moderate/strong/very strong] support that [POI] is 
a contributor to the DNA from this item.  

3.6.5.2.2.2 LR in support of Hd/H2: 
The DNA results are approximately XXX times more likely if they 
originated from two unknown, unrelated individuals than if they 
originated from [POI] and an unknown, unrelated individual. This 
provides [limited/moderate/strong/very strong] support that [POI] is 
not a contributor to the DNA from this item.  

3.6.5.2.2.3 Uninformative LR (0.5-1): 
The DNA results are approximately XX times more likely if they 
originated from [POI] and an unknown, unrelated individual than if 
they originated from two unknown, unrelated individuals. The results 
do not provide informative support as to whether or not [POI] is a 
contributor to the DNA from this item.  

3.6.5.2.2.4 Uninformative LR (1-2): 
The DNA results are approximately XX times more likely if they 
originated from two unknown, unrelated individuals than if they 
originated from [POI] and an unknown, unrelated individual. The 
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results do not provide informative support as to whether or not [POI] 
is a contributor to the DNA from this item. 

3.6.6 A qualitative statement (i.e. “match” or “cannot be excluded”) may be used to report an 
association between an evidentiary profile and a reference profile in situations in which 
the presence of an individual’s DNA on an item is reasonably expected. This expectation 
must be supported by information contained in the case record (e.g., chain of custody 
information, officer’s reports, communication logs, etc.). 

3.6.7 Associations to multiple items or profiles associated to the same individual will be 
qualified with a single likelihood ratio when the evidentiary profiles are all single 
source and have no alleles below the stochastic threshold. The sample with the lowest 
APH should be used to generate an LR.  Otherwise, each profile will be assigned an 
individual likelihood ratio. 

3.6.8 Co-contributors can be reported together when individual LRs fall into the same verbal 
qualifier category.  If LRs in support of H1 for co-contributors do not fall into the same 
verbal qualifier category, individual LRs should be reported for each contributor. 

 
3.7 References 

(1) Recommendations of the SWGDAM Ad Hoc Working Group on Genotyping Results 
Reported as Likelihood Ratios 
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