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Section 1   Use of the Applied Biosystems 3500xl Genetic Analyzer for Casework 

1.1  Start the Software and Instrument 
• Turn the computer on and log into the computer 
• Turn on the 3500xl Genetic Analyzer.  Wait for the green status light to turn on. 
• Ensure both the Daemon and Service Monitor has started by observing a green 

checkmark icon in the lower right hand corner.  This indicates that all 3500 services have 
loaded.  This may take several minutes. 

• Launch the Data Collection Software:  
Start > Programs > Applied Biosystems > 3500 

• Log in to the 3500 Series Data Collection Software 

1.2 Preparing the Instrument 
• Navigate to the Dashboard of the software 
• Check consumables by clicking Refresh to update consumable status.   
• Refer to the 3500xl Instrument Maintenance Work Instructions section of this document 

if any maintenance or instrument preparations are required prior to running samples on 
the instrument. 

• Click Start Pre-heat to warm the oven. 
• Check the pump assembly for bubbles and run the Remove Bubble wizard if necessary. 

1.3 Sample Preparation for the 3500xl  
• Prepare a loading master mix by adding the following volumes of reagents to an 

appropriately sized tube: 
o # of samples x 0.5µl ILS 600  
o # of samples x 9.5µl of Hi-Di Formamide 

 
Note: Prepare enough for a few extra reactions to allow for loss during pipetting.   
 

• Vortex the master mix and spin briefly.  Transfer 10µl of master mix to appropriate 
sample wells of a 96 well plate.  

• Add 10µl of Hi-Di Formamide to unused wells of a set of 24 (i.e. A1-H3). 
• Add 1µl of allelic ladder and 1µl of each amplified sample to the appropriate wells. When 

all samples have been added, cover with plate septa. 
• Briefly centrifuge the 96 well plate to remove any bubbles.  Denature samples at 95˚C 

for 3 minutes and then snap chill for 3 minutes.  
• Place the 96-well plate into the plate base provided with the instrument and snap the 

plate cover onto the plate, septa, and plate base.   
• Verify that the holes of the plate retainer and the septa are aligned. 
• Place the plate in the autosampler with the labels facing you and the notched corner of 

the plate in the notched corner of the autosampler.  Close the instrument doors.  
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1.4 Creating a Plate Record  

1.4.1 Create a Plate Record from the Data Collection Software  
• In the dashboard click Create New Plate 
• In the Define Plate Properties screen: 

o Enter a plate name (i.e. 10-1222KAL)  
o Select 96 for the number of wells 
o Select HID for plate type 
o Select 36cm for capillary length 
o Choose POP4 for polymer 
o Owner, barcode and description are optional fields. 

• Click Save Plate 
• Click Assign Plate Contents 
• Using either plate view or table view enter sample names in the corresponding wells.  
• Under the heading Assays, File Name Conventions, and Results Groups click Add from 

Library select the following Assay:  
o PPlex16_15sec 

• Select a naming convention, and a results group of your choice. Click add to plate and 
then click close. 

• Select the wells for which to specify the assay file name conventions and results groups 
and enable the checkbox next to the name to assign it to the selected wells.   

• Click Save Plate and save. 
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1.4.2 Create a Plate Record from an Export File 

• Open a plate record template export file (i.e. .xls exported from instrument). 
• Copy and paste sample name info into the export file.  (Rows not in use may be deleted 

but do not delete any columns) Save the record. 
• Using the 3500xl Data Collection Software, click on Create New Plate on the 

dashboard. 
• In the Define Plate Properties screen: 

o Enter a plate name (i.e. 10-1222KAL)  
o Select 96 for the number of wells 
o Select HID for plate type 
o Select 36cm for capillary length 
o Choose POP4 for polymer 
o Owner, barcode and description are optional fields. 

• Click Save Plate. 
• Click Assign Plate Contents. 
• Click Import at the top of the screen and navigate to the saved plate record (make sure 

.xls files are searched).  
• Click Save Plate and save. 

 

1.5 Linking a Plate and Starting a Run 
• Click Link Plate for Run.  A message will appear saying Plate loaded successfully.  

Click OK. 
• Ensure plate is linked to proper position on 3500xl. 
• Select Create Injection List. 
• Click Start Run. 

 
Note:  Ensure all prompts have cleared and the run begins before walking away.   
 

1.6 Viewing Data During a Run 
Refer to Applied Biosystems 3500/3500xl Genetic Analyzer User Guide 
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Section 2 Data Analysis with GeneMapper™ ID-X 

 
References: GeneMapper™ ID-X Software User Guide 
  GeneMapper™ ID-X  Software Tutorial 
  GeneMapper™ ID-X  Software User Bulletin 
 
The settings for the Analysis Methods are viewed by selecting GeneMapper ID-X 
Manager under the Tools drop-down menu, then clicking on the Analysis Methods tab 
then double clicking to select a particular Analysis Method.    A range of Analysis 
Methods are available to analyze casework data.  Options for Analysis Methods vary by 
analysis range.  These methods shall not be modified.  New methods shall only be 
created or modified with permission from the DNA Technical Manager. 
 
The panel for casework on the 3500xl is:  3500_PowerPlex_16_Casework. 

2.1 Analysis Methods 

2.1.1 Casework Analysis Methods  
 

3500CW-2400 
3500CW-2800 
3500CW-3200 
3500CW-Blank 
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2.2 Allele Tab Settings  
The Allele Tab Settings are viewed by opening a selected analysis method.  

2.2.1 Casework Allele Tab Settings 
These settings are consistent within all casework methods. 
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2.3 Peak Detector Tab Settings 

The Analysis Range is the only setting that varies between the alternative Analysis 
Methods.  The Analysis Range is selected to ensure capture of the 80bp ILS peak for all 
allelic ladders, positive controls, and questioned and known samples in the project. The 
Analysis Range is selected to capture the primer peaks for reagent blanks, negative 
amplification controls, and samples that do not yield at least a partial profile.  
 

2.3.1 Casework Peak Detector Tab Settings 
The Analytical Threshold for all analyses is 150RFU.  
 
Example:  2400 Casework Analysis Method 
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2.4 Peak Quality Tab Settings 

These settings do not vary among the casework methods and they are not relevant in 
analysis of any samples where the sample type is set to Negative Control. 
 
Example:  2400 Casework Analysis Method 
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2.5 SQ and GQ Tab Settings 
These settings do not vary among any of the analysis methods, and they are not 
relevant, as all samples are currently manually reviewed and interpreted, regardless of 
flagging. 
 
All Analysis Methods 
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2.6 Data Retention 
 
All raw data files generated in the course of casework analysis shall be retained and 
archived in a designated location.  Because this manual contains sufficient information 
to recreate the GeneMapper ID-X project from the raw data files, GeneMapper ID-X 
project files are not retained long term and may be deleted after the technical and 
administrative reviews of a batch are completed.  
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Section 3 STR Data Interpretation 
Interpretation of casework samples is based on the guidelines contained in this section, 
as well as the qualified DNA analyst’s training and experience, experimental results, 
and case specifics. In all cases, interpretations must be independently reviewed and 
verified based on established peer review procedures. The DNA Technical Manager 
may authorize the interpretation/reporting of data outside of the criteria defined herein 
and will document this approval by initialing and dating comments on the relevant 
electropherogram(s) and/or interpretation worksheet(s). 
 
Casework STR Data Interpretation: 

• Reportable alleles are those alleles whose peak heights are equal to or above 
the 700RFU stochastic threshold and are generally reproducible when re-
amplified. Such alleles are routinely used in making comparisons between known 
and questioned sample genetic profiles under the interpretation guidelines stated 
in this manual. 

 
• Observed genetic data includes data (peaks) below the stochastic threshold 

(700RFU) and/or alleles whose peak heights are greater than the analytical 
threshold (150RFU), but that are not reproducible in replicate amplifications of 
the same DNA extract. Such alleles are not routinely included in the STR results 
table. Observed alleles may be considered for use when reporting the presence 
of multiple sources of DNA in a sample and/or when reporting the presence of 
male DNA. On occasion, depending on the quality of the data and the nature of 
the sample, such alleles may be used to generate a composite profile, with the 
documented approval of the DNA Technical Manager. 
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3.1 Interpretation of Batch Controls 
Prior to assessment of casework data, the analyst must first examine the batch controls 
to ensure that the extraction, amplification and genetic analysis processes are 
functioning correctly.  These include:  Internal Lane Standard (ILS), allelic ladder(s), 
internal control specimen (ICS), positive and negative amplification controls, and 
extraction reagent blanks.  All or part of an extraction, amplification and/or run may 
need to be repeated depending on the results of the batch controls.  Any issues raised 
by the performance of a batch control must be addressed prior to the release of affected 
casework samples.  Unresolved failure of a batch control requires the Technical 
Manager, or designated individual, to approve a course of action. 

3.1.1 Internal Lane Standard (ILS) 
The Promega PowerPlex16® System uses ILS 600. The analyst should verify that all 
peaks from 80-550 base pairs are present and labeled as shown.  
 

 
 
The peak heights for the ILS peaks must be at least 150RFU (relative fluorescence 
units) to be identified and labeled by the GeneMapper™ ID-X software with a casework 
analysis method. 
 
Failure of an ILS can often be resolved by re-prepping and/or re-injecting the affected 
sample(s).  If the ILS continues to fail after re-prepping and re-injecting, the analyst 
should consult the Technical manager for a course of action. 
 
Refer to the GeneMapper™ID-X Software User Guide for details on manually labeling 
the size standard.  
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3.1.2 Allelic Ladder 
The GeneMapper™ ID-X software uses the allele calls of the ladder to assign allele 
calls to all the other samples in the project. The allele calls for the Promega 
PowerPlex16® System allelic ladder are shown below.  The analyst should verify that all 
peaks from the allelic ladder(s) are present and labeled as shown. 
 
The allelic ladder contains the most common alleles determined for each of the 13 FBI 
STR core loci, the Penta D and Penta E loci, and Amelogenin.   In addition, alleles not 
labeled in the allelic ladder (virtual alleles), may be detected and labeled in some of the 
samples analyzed.  
 
At least one allelic ladder must be included in a GeneMapper™ ID-X project with the 
sample type designated as “allelic ladder”. All the peaks in the allelic ladder must be 
labeled correctly for the software to assign the correct allele calls to samples in the run.  
When more than one ladder in a project has the sample type designated as “allelic 
ladder”, the software will average the allelic ladders to make the allele calls for the 
samples in the project. 
 
Artifacts such as spikes or “pull-up” peaks may be present that are labeled as off- ladder 
(OL) peaks in the allelic ladder.  If all the true allele peaks are labeled correctly, such OL 
peaks will not affect the sample allele calls. If a spurious peak (not a true allelic peak) is 
labeled as a true allele (i.e. it falls within an allele size range and is designated and 
labeled as an allele) at any particular locus, the remaining allele designations / labels at  
the locus shift and will impact the correct allele call / labeling of the samples in the 
project.  Allelic ladders with such artifacts cannot be used to analyze data in the project.  
In such instances, re-injection is usually appropriate. 
 
Additional information about the allelic ladder can be found in the Promega 
PowerPlex16® System Technical Manual. 
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PowerPlex16® Allelic Ladder 

 
 

3.1.3 Internal Control Specimen (ICS) 
An internal control specimen (ICS) is a designated, predetermined quality control 
sample whose expected profile is already known. The ICS is processed with an 
extraction batch and carried through the batch concurrently with the other samples. The 
purpose of this control is to demonstrate that all analytical processes are working 
correctly. An ICS may include any known sample, including those obtained from 
laboratory staff, where the individual has been previously typed to generate a genetic 
profile. 
 
At least one ICS shall be processed with each casework batch, and will typically be 
extracted with the known reference samples. An electropherogram of the successfully 
typed ICS shall be included in the central log folder. 
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An ICS with a partial profile or no interpretable profile does not invalidate the batch, 
provided other positive controls in the batch yield the correct results. The Technical 
Manager, or other designated individual, shall determine whether or not to approve the 
ICS when only a partial profile or no profile is obtained. The data quality of other positive 
control samples in the batch and/or the quality of known /reference samples will be 
reviewed to determine the approval process. 
 
If an incorrect STR profile is obtained for the ICS in a casework batch, the analyst will 
attempt to determine the cause of the discrepancy. The discrepancy will be documented 
and corrective and future preventive actions may be taken as deemed necessary by the 
Technical Manager.  
 
NOTE:  Casework batches often contain multiple samples from previously typed 
individuals.  Any one of these may be designated as the ICS for the batch.  As good QA 
practice, the analyst confirms that all profiles from previously typed individuals yield 
expected profiles.  This review is typically documented on the DNA worksheet for the 
appropriate case. 
 

3.1.4 Positive Amplification Control 
A positive control is defined as a single source sample whose genetic profile was 
previously determined and from which a full profile was developed; it is used to evaluate 
the performance of the amplification and typing procedures. Either standard DNA 
template 9947A or 2800M, included with the Promega PowerPlex16® System, may be 
used as a positive amplification control.  A minimum of one positive amplification control 
must be amplified and processed concurrently with each casework amplification.    
 
It may be necessary to re-prep and/or re-inject the positive control if the cause of failure 
appears to be a failed electrophoretic injection.  As long as the re-prepped and/or re-
injected positive control types successfully, the positive control is considered 
successful.  
 
Alternatively, other samples in an amplification may serve as a positive control (e.g. 
duplicate offender/staff sample, offender confirmation sample, casework known sample 
with a verified profile, or a buccal swab freshly obtained from laboratory personnel 
whose genetic profile(s) was/were previously determined and documented). Use of an 
alternate positive control must have documented approval of the Technical Manager. 
 
All casework samples co-ampified will be re-analyzed if no positive control was 
successfully typed for that amplification. The laboratory will routinely include more than 
one positive control with every casework amplification reaction, in order to prevent 
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reanalysis of samples that are limited in DNA content. If at least one of these positive 
control samples produces acceptable and expected results, the batch will not be 
reanalyzed.  

If all interpretable results agree for the samples between the first and second 
amplification/run, and the positive amplification control yields a correct STR profile for 
the second amplification/run, then the STR data obtained in the either amplification/run 
may be used.  

 
STR profile of 9947A  
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STR Profile of 2800M 
 

 
 

3.1.5 Negative Amplification Control and Extraction Reagent Blanks 
A reagent blank is carried through the entire analytical process as part of each 
extraction or type of extraction. It contains all the reagents - except DNA template - 
used during extraction, amplification and typing. 
 
The negative amplification control contains only the PCR master mix (reagents used to 
prepare the PCR amplification mixture) for each batch of samples and the water used to 
dilute the DNA samples.   
 
The purpose of the negative controls is to detect systemic DNA contamination that 
might occur from the reagents, the laboratory environment, between the samples being 
processed, and/or due to improper handling of the samples by the analyst. 
 
The negative controls must be run at the most stringent set of conditions for the batch. 
 
Verification of the presence of amplified product in the negative controls is performed by 
viewing the presence of unincorporated primer peaks. 
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The negative controls should not yield any true STR allelic peaks above the analytical 
threshold. When peaks greater than or equal to the reporting threshold are present in 
the range between 80-550 base pairs, the analyst will determine if the peaks are 
artifacts (e.g. spike, pull-up) or true allele peaks.  
 
The presence of peaks above the reporting threshold will not invalidate the sample as 
long as the peaks can be shown to be artifacts. Artifacts will be documented on the 
electropherogram. 
 
When probable true allele peaks are detected above the reporting threshold, at several 
or all STR loci, the analyst will investigate possible causes. Technical Manager will then  
be consulted to determine the appropriate course of action. 
 
Since the failure of a negative control may indicate a problem at the extraction or 
amplification level, a Quality Review Form may need to be completed based on the 
nature of the discrepancy.  
 
Note:  Although appropriate quality assurance practices are stringently applied and 
enforced, it is not unexpected that low-levels of adventitious DNA (i.e., levels that result 
in peak heights for allelic data that are below the Laboratory’s reporting threshold) 
attributable to staff scientists and/or consumable products directly involved in the 
analytical steps of such a highly sensitive technique may be detected.  

 

3.2 Distinguishing Alleles from Artifacts 
The initial assessment of a casework sample electropherogram separates interpretable 
alleles from artifacts.  Artifacts can occur in data and much of their nature and origin 
have been determined and documented.  Peaks that are determined to be artifacts are 
documented by printing a zoom view of the artifact that includes base pair sizing.  
Artifacts are then noted as such, struck on the full view electropherogram, and initialed 
by the analyst.  When it is not possible to distinguish between an artifact and a true 
allele, this is indicated on the STR results table and the electropherogram as 
Artifact/True allele (A/TA).  If the presence of a definite or possible artifact at a locus 
impacts the suitability of that locus for either comparisons or statistical analysis, that is 
documented on the STR table and the electropherogram.  Artifacts are often associated 
with an overabundance of template DNA.  If the presence of many artifacts complicates 
data analysis, it may be appropriate to re-amplify the sample with less template DNA. 
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3.2.1 Baseline noise 
The analytical threshold (AT) for analysis of casework samples is 150 RFU.  Data below 
the AT is considered indistinguishable from baseline noise and not suitable for 
interpretation.  However, if data below the AT exhibits consistent peak morphology and 
alignment to bins, the analyst may note the possible presence of data below the 
reporting threshold (DBRT) on the electropherogram.  No further interpretation is 
suitable for DBRT.  

Ideally, true allele peak heights should fall between 3000 and 12,000 RFU.  Samples 
with peak heights near or above 12,000 RFU may include baseline noise that exceeds 
150 RFU.  Such baseline noise may be documented and struck.  However, if baseline 
noise is difficult to distinguish from possible low-level DNA, it may be more appropriate 
to re-amplify the sample with less template DNA.   
 

3.2.2 Stutter 
The PCR amplification of tetranucleotide STR loci typically produces a minor product 
peak four bases shorter (N-4), two bases shorter (N-2, infrequently observed), or four 
base pairs larger (N+4) than the corresponding base peak. This is the result of slippage 
of the Taq polymerase and is referred to as the stutter peak or stutter product. In the 
penta-nucleotide loci, the stutter peak is typically five bases shorter than the 
corresponding base peak. 
 
The proportion of stutter product relative to the main allele peak is calculated by dividing 
the height of the stutter peak by the height of the main allele peak. The stutter 
percentage is fairly reproducible for a particular locus. The following table lists the 
values of the expected percentage of N-4 stutter for the loci in the PowerPlex® 16 
System when run on the Applied Biosystems 3500xl. The stutter values are based on 
data obtained by internal validation studies.  These values, along with a universal N+4 
stutter of 2%, are set as stutter filters used by the GeneMapper ID-X software.  
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Expected N-4 Stutter Percentages for PowerPlex® 16 loci on the 3500xl (in single 
source samples) 

D3S1358 
14% 

TH01 
5% 

D21S11 
13% 

D18S51 
14% 

Penta E 
7% 

 
D5S818 
13% 
 

D13S317 
10% 

D7S820 
11% 

D16S539 
11% 

CSF1PO 
11% 

Penta D 
8% 

Amelogenin 
NA 

vWA 
14% 

D8S1179 
11% 

TPOX 
6% 

FGA 
17% 

 
Peaks in the stutter position greater than the listed values may indicate the presence of 
DNA from more than one individual. However, elevated stutter is also associated with 
both excess template DNA and very low amounts of template DNA.  When there is no 
indication of a mixture other than elevated stutter, the analyst will document the stutter 
as such on the electropherogram.  

3.2.3 Amplification and Injection Artifacts 
The following are examples of artifacts which may be documented and struck on 
electropherograms.  Re-prep and/or re-injection is not necessary if the artifact in 
question is clearly distinguishable and thus does not interfere with interpretation. 

3.2.3.1         Pull-Up 
Multi-component analysis is the process that separates the four different fluorescent dye 
colors into distinct spectral components. The four dyes (Fluorescein, JOE, TMR and 
CXR) emit their maximum fluorescence at different wavelengths, but there is some 
overlap of the emission spectra. A spectral calibration is performed for a specific dye set 
to create a matrix that corrects for the spectral overlap.  
 
Pull-up is the result of incomplete separation of the emission spectra and is typically 
observed as a non-allelic peak at the same base size as a peak in another dye. This 
typically occurs at high RFU values, when an excess of template DNA has been 
amplified.  

3.2.3.2 Spikes 
Spikes are non-allele peaks that may arise due to air bubbles, urea crystals or voltage 
spikes. Spikes are typically quite sharp and easy to distinguish from a true allele. Spikes 
usually appear in more than one color at the same base size and are not reproducible 
by re-injection.  
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3.2.3.3 Dye Blobs 
Dye blobs, like spikes, are non-allele peaks that are easily distinguished from true 
alleles. Dye blobs may be the result from residual dye molecules left over from the 
synthesis of the primers or they may be dye molecules that fell off the primer during the 
amplification.   

3.2.3.4 Incomplete ‘A’ nucleotide addition (-A or split peaks) 
While –A peaks are a documented artifact, none of these were observed in the 3500xl 
validation studies.  As such, any instances of –A require approval by the Technical 
Manager before the sample injection may be used for casework. 

3.2.3.5 Persistent Kit Artifacts 
Occasionally, one or more lots of PCR kits may exhibit persistent artifacts that may not 
be observed in the verification process. These artifacts may or may not appear as true 
alleles. Sometimes, these artifacts are so common that they are observed in a high 
number of routine samples. Such artifacts will be noted in the verification process and 
require approval by the Technical Manager. 

3.2.4 Off-Ladder (OL) Alleles 
The allelic ladder contains the most commonly observed alleles for the STR loci. Alleles 
which are not assigned a numeric designation in the standard ladder will be designated 
as off-ladder (OL) alleles. Peaks that are labeled as OL (off ladder) at a particular locus 
have a base size that is different from any of the alleles in the ladder and any of the 
virtual alleles. These peaks may be true alleles but additional analysis is required to 
verify this. 
 
Before determining whether an OL is a true allele or an artifact, the analyst must 
consider all other possible causes of OL occurrence.  
 
When a true OL allele lies within the range of alleles for a particular locus, the allele will 
be reported as a variant of the integer (i.e. X.1, X.2, etc.). The appropriate allele call is 
determined by simultaneously examining the base sizes for the sample allele peak and 
the associated allelic ladder peaks in the relevant locus. 
 
When the OL allele lies either above or below the largest or smallest allele in the ladder, 
the OL allele will be designated as either greater than (>) or less than (<) the allele from 
the ladder that is closest in proximity to the OL allele. 
 
OL alleles considered to be true alleles may require re-amplification to confirm, 
particularly when they are only observed in a mixture. If the OL allele is observed in a 
double amplification of a single-source sample, or in multiple single source samples 
each amplified once and injected simultaneously, further amplifications are not 
necessary to verify the OL allele.  The DNA Technical Manager must approve reporting 
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an OL allele without re-amplification (e.g. limited amount of sample available for 
analysis). 
 
Documentation of the OL allele must include an electropherogram with both the sample 
and the associated allelic ladder for the locus, showing the OL allele(s) in the locus, with 
the bins and base pair sizes. 
 

3.2.5.1 Tri-alleles 
Occasionally, a single-source sample may be observed to have three alleles at one 
(rarely more) locus/loci. Tri-allelic patterns have been observed in single source 
samples and there are documented instances where different tissues from the same 
individual may or may not exhibit the tri-allelic pattern. 
 
Samples exhibiting potential tri-alleles may be re-amplified to confirm the genotype 
observed at the locus (or loci).  Statistical calculations, however, will not be performed 
at these loci. 
 
If the potential tri-allele containing sample is re-amplified and found to be reproducible, 
the analyst may include the locus with the tri-allele in the STR results table. If the 
potential tri-allele is not reproducible, it will be reported as an Artifact/True allele (A/TA).  
 
If the same tri-allelic pattern is also observed in multiple samples (from the same case) 
but from different tissue sources – for example, blood / semen / saliva / hair, with the 
same STR profile, the potential tri-allele may be considered a reproducible observation 
and may be included on the STR results table without the A/TA designation.  No re-
amplification of samples would be required in such instances.  
 

3.3        Assessing interpretable alleles 
Alleles are peaks that are detected and labeled by the GeneMapper™ ID-X software 
with a number and should lie within the range of the alleles in the ladder, and they are 
clearly distinguishable from artifacts.  All alleles are examined and evaluated in the 
process of data interpretation. 
  
In addition to the Analytical Threshold (AT) of 150 RFU, a Stochastic Threshold (ST) of 
700 RFU is also used for casework analysis. Allelic peaks greater than or equal to the 
ST are relied upon for casework interpretation without being reproduced by second 
amplification.   
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3.3.1  Alleles below the Stochastic Threshold 
 
Stochastic effects result when limited DNA molecules are used to initiate PCR, and 
unequal sampling of the two alleles present from a heterozygous individual leads to 
peak height imbalance, elevated stutter, and/or allelic dropout.  The ST of 700 RFU is 
based on validation studies and represents the RFU value below which stochastic 
effects are commonly observed.  Alleles which fall between the AT and the ST are 
subjected to a higher degree of scrutiny due to the possibility of stochastic effects.  
Alleles in this range are noted with an asterisk on the electropherogram.  
 
3.3.2  Reproducing Alleles Below ST for Interpretation 
 
In most instances, allelic peaks below the ST must be demonstrated to be reproducible 
by re-amplification in order to be included on the STR table and deemed suitable for use 
in comparisons and statistical calculations.  Non-reproducible alleles are struck and not 
included on the STR table. 
 
Questioned samples with a quantification value of <0.05ng/µl and greater than zero 
(or PCR target template estimate of less than 0.95ng), shall be routinely amplified in 
duplicate to ascertain reproducibility of alleles below the ST. 
 
Samples with a quantitation result of zero do not require duplicate amplification.   
 
Questioned samples with a quantification value >0.05ng/µl will not be routinely amplified 
in duplicate. When a sample that was not initially amplified in duplicate yields a DNA 
mixture profile with the probative fraction being the minor or low-level component and/or 
contributor, re-amplification may be appropriate to assess allele reproducibility of the 
minor component and/or contributor.  
 
Note:  If a sample is amplified more than twice, the reproducible alleles in at least two 
amplifications shall be reported on the STR results table and considered suitable for 
comparison.   
 
3.3.3  Using Alleles Below ST Without Demonstrating Reproducibility 
 
Ideally, any alleles below the ST should be demonstrated to be reproducible in order to 
be reported in the STR table and used for statistic calculations.  However, in a few 
specific instances, alleles below the ST may be included on the STR table and/or used 
in statistical calculations without demonstrating reproducibility.  
 
Non-probative / intimate samples:  If all the alleles below ST can be attributed to a non-
probative contributor (such as the owner on a body swab, the consent partner on a 
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vaginal swab, etc.), then those alleles may be included in the STR table and used for 
interpretation.  Since they are attributable to a non-probative source, statistical 
considerations do not apply. 
 
Single-source profiles with heterozygous alleles below ST:  In single source samples, 
the primary concern with using alleles below ST is the possibility of allelic dropout.  An 
apparent homozygous allele below ST may in fact be a heterozygote with dropout of the 
sister allele.  If both sister alleles of a heterozygote are present below the ST, dropout is 
not a possibility and therefore the alleles may be included in the STR table and used for 
statistical calculations. 
 
Any other instances of using alleles below ST without demonstrating reproducibility, 
including compositing alleles from multiple amplifications, require documented approval 
by the Technical Manager. 
 
3.4  Assessing for Genotypes 
Genetic profiles from questioned samples may be from a single individual (single 
source) or from multiple individuals (mixtures).  Assessment of whether a profile is a 
single source or mixture and whether a mixture can be separated out into single source 
components impacts subsequent interpretation.  Documentation of interpretation, 
including assumptions, must be included in the bench notes.  This documentation may 
be written on the electropherogram or on a Mixture Interpretation Worksheet. 
 
Assessment of a questioned profile includes the determination of which loci are suitable 
for comparison and/or for the calculation of population statistics.  Loci considered to be 
complete – that is, with no indication of possible drop-out, either for the entire locus or 
just for a resolved component of a mixture – are suitable for exclusions as well as for 
population statistics.  Loci where possible drop-out is evident may either be suitable for 
exclusions only or not suitable for comparison, depending on the number of sources 
and the extent of the possible drop-out.   
 
The assessment of a questioned sample profile takes place with ‘sequential 
unmasking’:  initial assessment occurs before any probative reference samples are 
compared to that profile.  However, an evidence item taken directly from an identified 
anatomical location (i.e., vaginal swab, penile swab, fingernail scrapings, etc.) and / or a 
piece of intimate apparel (i.e., undershirts, panties, bra, etc.) typically will yield DNA 
from the individual from which the evidence item was taken.  In such circumstances, it is 
common to recover a DNA mixture which includes DNA consistent with that individual. 
In such cases it is useful to use the “owner’s” (or any other non-probative) reference 
profile to assist in the interpretation of the questioned sample. 
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3.4.1 Single Source Samples 
Typically, each locus is characterized by one or two labeled peaks or alleles. If two 
peaks/alleles (heterozygous locus) are detected at a locus, they should ideally be of 
equal intensity – that is, the peak height ratio (PHR) is approximately 1:1.   
 
Peak height ratios are calculated by dividing the peak height (in RFUs) of the lower RFU 
allele by the peak height of the higher RFU allele, and then multiplying this dividend by 
100 to express the PHR as a percentage.  Based on validation studies, the minimum 
expected PHR for single-source samples, where there is no indication of a mixture and 
0.5 to 1 ng of template DNA is used, is 60%.  This ratio, however, may be lower with 
lower amounts of DNA.  Peak-height-ratio imbalance may also result from degraded 
DNA or the presence of PCR inhibitors.  Allelic dropout may occur in degraded/inhibited 
samples and the possibility of a second allele should be considered. 
 
A single source profile must have complete information for at least 4 of the 13 core loci 
to be deemed suitable for all comparisons.  This applies to profiles with a single source 
of DNA as well as to deduced contributors and major or minor components from 
mixtures.  A profile with complete information at three or fewer loci may be suitable for 
exclusions only. 
  
3.4.2 DNA Mixtures 

Indications of a DNA mixture sample can include: 
(1) more than two alleles at two or more loci,  
(2) a peak in a stutter position that is unusually high  
(3) significant peak height ratio imbalance for a heterozygous genotype 
(4) Observation of low-level DNA/data below reporting threshold 
 
 
In general, a profile with more than two alleles at two or more loci is deemed to be a 
mixture.  The minimum number of contributors may be assessed by evaluating the loci 
that exhibit the most allelic peaks (i.e., if at most five alleles are detected at a locus, the 
DNA results are consistent with having arisen from at least three individuals, provided 
that none of those peaks are consistent with being elevated stutter.  However, 
phenomena such as tri-alleles, primer binding site mutations, or allele sharing between 
close relatives can complicate the determination of number of contributors.  In such 
cases, the DNA Technical Manager should be consulted for an appropriate course of 
action. 
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3.4.2.1 DNA Mixture Type Categorization 
It is not possible to anticipate the nature of all potential DNA results, or the nature of the 
evidentiary samples from which they may be obtained. These categories do not exhaust 
the possibilities that may be encountered by the forensic scientist, nor the conclusions 
that may be rendered from his/her interpretation of the results.  
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Three categories of mixed samples have been designated to guide general decision 
making as illustrated in the Interpretation Flowchart.  Mixtures with a known contributor 
(i.e. intimate samples) are possible in each category: 

• TYPE A: mixtures with indistinguishable contributors, including multiple major 
contributors 

• TYPE B: mixtures with major/minor contributors 
• TYPE C: mixtures containing DNA from at least three sources and/or mixtures 

that exhibit potential stochastic effects (e.g. 1 major plus 2 or more minor 
contributors, 2 major plus 1 or minor contributor, indistinguishable) 
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TYPE A: 
Description:  If the amounts of biological material from multiple contributors are similar, 
it may not be possible to further refine the mixture profile. When major or minor 
contributors cannot be distinguished because of similarity in signal intensities (i.e. peak 
heights), the sample is considered to be an indistinguishable mixture. In two source 
mixtures where the “owner” can be assumed to be one contributor, the “owner” 
reference sample may be used to deduce a single source unknown contributor.   
 
The classification of indistinguishable does not imply that the profile is not interpretable.   

Individuals may still be included or excluded as possible contributors to an 
indistinguishable mixture.  However, a minimum of 4 complete loci (i.e. loci suitable for 
calculating population statistics) are required in order for an unresolved mixture to be 
suitable for comparisons.    
 
TYPE B: 
Description:  If the amounts of biological material from multiple contributors are 
dissimilar, it may be possible to further refine the mixture profile.  When major or minor 
contributors can be distinguished because of differences in signal intensities (i.e. peak 
heights), the sample is considered to be a distinguishable mixture.  The difference is 
evaluated on a case-by-case basis.   
 
 
TYPE C: 
Description:  In general, type C mixtures contain DNA from at least three (3) individuals 
and may also exhibit stochastic effects.  
 
If the sample demonstrates a clear reproducible major component at a minimum of 4 of 
13 core STR loci a conclusion as to the source of the major contributor DNA may be 
reported and will be included in statistical analysis.   This may also encompass mixture 
profiles that exhibit more than one major contributor.   
 
If no clear major component is observed this type of genetic profile may be deemed 
unsuitable for comparison.  As such, this profile will not be included on the STR results 
table and no statistical analysis will be performed. 
 
A sample may be deemed not suitable for comparison if the majority of alleles in a 
sample are not reproducible and/or insufficient DNA is detected (i.e. partial profile).  
Additionally, if a mixture contains DNA from known close relatives a comparison may 
not be appropriate. 
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3.4.2.2 Separating Major and Minor Contributors in DNA Mixtures 
 
Separating a two-source mixture into major and minor components is easier when the 
number of loci exhibiting four alleles increases and the ratio of the major contributor to 
the minor contributor increases above a 5:1 ratio.  Since peak height ratios as low as 
60% have been observed in single source samples with ideal concentrations of DNA, 
and even lower peak height ratios have been observed with lower concentrations of 
DNA, peak height ratio information should be used very conservatively in separation of 
major and minor components.  Quantitative assessment of peak height ratios is not 
appropriate with the current platform; and qualitative information (e.g. assessment of 
which peaks at a given locus are consistently higher or lower) should be used very 
conservatively.  Duplicate amplifications are recommended in order to allow an analyst 
to assess reproducibility of peak height ratios, as well as reproducibility of alleles. 
 
When applicable, an “owner” reference may also be used to assist in separating the 
major and minor components. 
 
If a mixture can be successfully separated into major and minor components, the minor 
component alleles are reported within parentheses.  Due to the possibility that the minor 
contributor’s alleles may be shared by the major contributor and that such alleles may 
be below reporting threshold, determination of the minor contributor profile may be 
possible at only some loci. 
 
An analyst may partially dissect a DNA mixture profile into major and minor components 
and report the loci on the STR results table in brackets (e.g. [10,11,12]) where an 
unambiguous major or minor component is not distinguishable.  Peak height ratios may 
be noted on the electropherogram or mixture interpretation worksheet to document 
possible genotypes, if appropriate.   
 
When evaluating if a minor component is suitable for comparison the number of 
potential contributors and whether the peak falls into stutter position should be 
considered.  A minor component is suitable for comparison if a complete minor profile is 
determined for at least 4 of 13 core loci.  This is rarely possible when there is more than 
one contributor in the minor component; such instances require approval from the DNA 
Technical Manager.  Minor component alleles often are comparable in peak height to 
stutter.  Because of the possibility that a potential minor allele may be masked by being 
in a stutter position to a major allele, a minor component whose alleles are close in 
height to stutter peaks (i.e. about 14% of the heights of the major component alleles) 
can only be considered complete when heterozygote minor alleles are detected outside 
of stutter positions.   
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The assessment of the major/minor assessment must be documented on either the 
electropherogram or a Mixture Interpretation Worksheet; this documentation must be 
included in the bench notes.  Documentation includes a statement of any assumptions 
made, such as number of contributors, as well as a brief explanation of the rationale 
used to separate major and minor, such as subtracting an owner’s alleles or peak height 
ratio information. 
 
 
3.4.2.3 Deducing an Unknown Contributor in a DNA Mixture 
 
In instances of samples collected directly from an individual’s body or clothing, where 
DNA from no more than two individuals appears to be detected, it may be possible to 
use the “owner’s” profile to deduce the genetic profile for an unknown contributor. It may 
not be possible to deduce an unknown contributor at all loci; those loci which cannot be 
deduced must be labeled as such.  The unknown contributor profile must be deduced at 
a minimum of four loci in order to be deemed suitable for comparison.  A deduced 
profile (or partial profile) is treated as a single source profile for the purposes of drawing 
conclusions and issuing statistics.  When fewer than 9 loci can be deduced for a 
mixture, both a mixture statistic for the profile as a whole (including all complete loci), 
and a single source statistic for the deduced contributor should be issued. 
 
The rationale for deduction of the genetic profile for an unknown contributor must be 
documented in the bench notes, either on the electropherogram or on a mixture 
interpretation worksheet. 
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3.5  Comparison of DNA Results 
The interpretation process generally results in one or more of the following conclusions: 

• Exclusion 
• Cannot exclude 
• Inconclusive  
• Insufficient DNA / Data 
• No genetic profile 
• Complex mixture 

 
Exclusion: 
An exclusion is declared when the known sample has alleles that are not observed in 
the questioned sample, and there is no scientific explanation for the absence. 
 
Scientific explanations may include, but are not limited to, factors such as inhibition, 
degradation, low template DNA and/or primer binding site variations or mutations. 
 
Cannot Exclude: 
For single source samples (including resolved mixtures):  The donor of the known 
sample cannot be excluded as a source of the questioned sample when there are no 
significant differences between the allele designations obtained from these samples.   
 
For unresolved mixtures:  When alleles detected in a known/reference sample are also 
detected in at least 75% of the detected core STR loci in a DNA mixture, and when 
there is a scientific explanation for any inconsistencies, an individual may be considered 
a potential contributor to the sample. 
 
If alleles that could not have been contributed by the individuals for whom known/ 
reference sample profiles were submitted for comparison with the questioned samples, 
the conclusions for this sample may include a statement indicating that DNA that could 
not have been contributed by X/Y/Z was detected in the sample. 
 
Inconclusive:  
If the STR results support neither inclusion nor exclusion, the comparison will be 
deemed inconclusive and reported as such.  When a profile is deemed inconclusive, an 
explanation must be included for the reason.   
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Insufficient DNA/Data:   
Low amounts of DNA can result in allelic drop out, elevated stutter, and non-
reproducibility of results.  In many instances, incomplete loci cannot be appropriately 
used to make exclusions or inclusions.  When fewer than four loci can be considered 
complete, this profile will be considered insufficient and will not be utilized for 
comparison.  As such, this data will not be included on the STR results table. 
 
Note:  If a genetic profile obtained from a sample does not satisfy the laboratory’s 
inclusionary reporting criteria it is possible it may be utilized for exclusionary purposes 
only.  The Technical Manager will be consulted to determine the appropriate course of 
action. 
 
No genetic profile:  
No genetic profile is declared when there is no reproducible data observed.  This also 
may include low-level data observed at less than 4 of 13 core STR loci. 
 
Complex Mixture: 
A complex mixture may be declared when DNA from multiple sources is detected in a 
sample, there is evidence of stochastic effects (i.e. drop out) at several or all loci (from 
limited DNA), a clear major component cannot be deduced, and/or a majority of the 
alleles are not reproducible when amplified in duplicate.  Accordingly, the sample will be 
deemed not suitable for comparison. This is typically the case for mixtures with four or 
more contributors, but may also be true for mixtures with three contributors. 
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