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This addendum provides guidelines for the
interpretation of DNA typing results from short
tandem repeat (STR) data developed via next
generation sequencing (NGS). At this time, these
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sequence-based STR data. Sequence-based STR
data are backwards compatible with fragment
length-based STR typing. That is, sequence-based

STR alleles can be converted to fragment length-based STR alleles. Throughout this document, the word
“allele” is used to represent both forms of data, unless prefaced with “sequence-based” or “length-based”
to specify one or the other. For demonstration purposes, all examples use an arbitrary analytical threshold
of 50 reads and a stochastic threshold of 200 reads. When the interpretation guidance for sequence-based
data differs from the guidance for length-based NGS data, this is clarified in the document. This
addendum was approved by the SWGDAM membership on April 23, 2019.
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The following system has been used to supplement the parent document:
1. If the same numerical heading is present in the addendum and in the parent document, then the
text in the addendum is intended to replace the text in the parent document for NGS data
interpretation.
2. If the text associated with a numerical heading in the parent document requires additional
information specific to NGS data interpretation, the numerical heading is present in the
addendum, followed by “In addition to the information in the parent document…”, followed by
the additional text.
3. Subheadings non-duplicative of the parent document are used in the addendum to allow for
inclusion of distinct, NGS-specific information.
4. If the text in the parent document does not apply to NGS, then that numerical designation is
included in the addendum along with the text “this section does not apply to NGS data
interpretation.”
5. If a numerical heading or subheading from the parent document is not addressed in the
addendum, then the parent document text should be applied to NGS data interpretation. If
capillary electrophoresis (CE)-specific terms appear in the parent document in sections not
addressed in this addendum, then the NGS-relevant term should be inferred, as follows:
Peak = Signal
Peak Height Ratio (PHR) = Allele Count Ratio (ACR)
RFU = Read Count
Refer to the glossary at the end of this document for NGS-specific definitions.
Core Elements
The Core Elements of the parent document remain unchanged for NGS data interpretation with the
exception of Core Element III, which does not apply as internal size standards and allelic ladders are not
utilized in the NGS process. The remainder of the Core Elements are applicable to NGS data
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interpretation as the same requirements, expectations and statistical approaches apply to STR data
developed by both CE and NGS.
III. The laboratory shall establish criteria to address locus and allele designation from NGS data.
Section 1. Interpretation
Introduction:
With NGS technologies for human identification, STR typing results are derived through application of
analytical software during and after sequencing of DNA libraries, and the demultiplexing of indexed
samples. For each sample, software detects the sequence of nucleotides in a DNA strand and translates
that information into digital sequence data (reads). The resulting reads are differentiated by locus and
compiled, then sequences and associated read counts are reported by the software with descriptors. These
descriptors may include length-based allele designation, allele sequence (in nucleotides), signal intensity
(measured as read count), and sequence-based allele nomenclature [for more information on
nomenclature, see references 1, 2]. Allele designations are assigned by the software based on length
and/or sequence information.
To ensure the accuracy of the computer-generated allele assignments, the DNA analyst must verify that
established quality criteria for the sequencing run and sample data have been met and that the correct
genotyping results were obtained for a known positive control. If the laboratory is interpreting sequencebased data, the correct sequence-based genotype for the positive control must be verified. If the laboratory
is interpreting length-based data, the correct length-based genotype must be verified. Additionally, if a
sample is amplified using multiple kits and/or platforms that contain redundant loci, the DNA analyst
must address the concordance of the genotyping results for the regions sequenced in common.
The results of the analysis controls [i.e., reagent blank(s), positive control(s), negative control(s)] are
evaluated. If the reagent blank(s), positive control(s), and negative control(s) yield results that are within
their prescribed specifications, the DNA analyst interprets the DNA typing results from each sample.
1.1

Analytical Threshold

The analytical threshold should be validated based on internally derived empirical data. An analytical
threshold defines the minimum read count at and above which detected signal can be reliably
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distinguished from background noise. Non-reproducible noise may be detected above the analytical
threshold. However, usage of an exceedingly high analytical threshold to minimize this sporadic noise
signal increases the risk of allelic data loss.
1.1.1 Analytical thresholds may be based on fixed read count values and/or read count
percentages (e.g., allele read count divided by total locus read count, and referenced in this
document as percentage-based threshold). Analytical thresholds may vary by locus as well.
1.2

Sequencing Run Evaluation: The laboratory must develop criteria to evaluate the quality of the

run and the run data. Run quality may be measured by results from positive controls and sequencing
standards, for example, or by other defined run metrics/parameters. If run quality metrics are used for this
purpose, they should be defined during validation. Metrics used for this purpose may include such
parameters as phasing, loading density, cluster density, total reads per sample, total reads per run,
forward/reverse strand balance, Q-scores, etc.
1.3.1 The laboratory must establish criteria for evaluation of controls, including but not limited
to: reagent blank, positive and negative controls. As applicable, additional controls may be useful
for troubleshooting and quality control purposes.
1.4

Locus Designation: The laboratory must have criteria to address locus designations and locus

assignment for alleles. A positive control may be used to verify correct locus designations, provided the
analytical software has been previously validated for this purpose.
1.4.1 Locus designations must include the range of reported sequence defined according to
positions on an identified and relevant human genome reference sequence (e.g., hg 19, GRCh38,
etc.).
1.5

Allele Designation: The laboratory must establish criteria for designating alleles according to

length-based and/or sequence-based data. The laboratory may designate alleles as numerical values or as
sequences in accordance with the guidance of the International Society of Forensic Genetics (ISFG) [1,
2]. SWGDAM will stay abreast of developments regarding standardization of STR sequence
nomenclature and provide additional guidance when appropriate. Sequence-based allele designations
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must consider the sequence range reported, as ranges may vary based on NGS assay and/or analytical
software.
1.5.1 Length-based allele designation is based conceptually on the number of repeat units
contained within the core repeat; in practice, it should be based on the fragment size to maximize
concordance with CE methods. Sequence-based allele designation is operationally derived from
the DNA sequence of the allele per the defined range. This may include the repeat region
sequence data only or the repeat region plus additional flanking region sequence data.
1.5.1.1 Analytical software for NGS should have sufficient developmental validation
demonstrating concordance in length-based calls between NGS and CE or other
platforms.
1.5.1.2 If sequence data will be used for interpretation, the laboratory must establish
criteria for reporting alleles of the same length that differ by sequence (isoalleles).
1.5.1.2.1 For backward compatibility to existing length-based STR databases,
laboratories should search the length-based allele.
1.5.1.3 If sequence data will be used for interpretation, the laboratory should have a
policy for addressing instances where the NGS-developed length-based and sequencebased alleles are discrepant (for example, due to flanking region insertions or deletions
that may be captured in the sequence-based allele designations of the analytical
software). The discrepancy should be documented and where possible a reason given for
the non-concordance.
1.5.2 The laboratory must establish guidelines for the designation of alleles containing an
incomplete repeat motif or any reported sequence resulting in other than a whole number allele.
1.5.3 This section does not apply to NGS data interpretation.
1.5.4 Similar to microvariant and off-ladder alleles in CE analysis, laboratories should be aware
that previously unobserved sequences and/or unusual motifs may be encountered. When such
sequences are recognized, data quality criteria including but not limited to read depth, quality
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scores (Q-scores), and forward/reverse strand balance should be considered. Additionally, it may
be useful to perform a literature search to determine if the sequence or motif has been reported
previously. Resequencing may be useful if the sequence or motif is not found in the literature.
Laboratories should also consider if the unusual sequence has been properly designated by the
software (length-based and sequence-based designations).
1.6

Non-allelic signal

Because forensic DNA typing characterizes STR loci using PCR and sequencing technologies, some data
that result from this analytical process may not represent actual alleles that originate from the sample. It is
therefore necessary, before the STR typing results can be used for comparison purposes, to identify any
potential non-allelic signal. Non-allelic signals may be PCR products (e.g., stutter and non-specific
amplification product) or analytical artifacts as determined by validation studies.
1.6.1 The laboratory must establish criteria based on empirical data (obtained internally and/or
externally), and specific to the NGS assay and detection systems used, to address the
interpretation of non-allelic signal. These guidelines should address identification of non-allelic
signal and the uniform application, across all loci of a DNA profile, of the criteria to identify nonallelic signal.
1.6.1.1 In general, the empirical criteria are based on qualitative (sequence) and/or
quantitative (read count) characteristics of signals. As an example, noise signal may be
distinguished from allele signal based on the sequence of the artifact and/or its
reproducibility. Stutter signals may be characterized based on amplicon length, sequence
and read count relative to a parent allele.
1.6.1.2 The laboratory must establish expectations for the proportionality of noise (e.g.,
amplification background, sequencing errors, sequencing background) relative to signal,
and data interpretation should be based on the limits established by validation. With
higher read count, increased total reads are detected for the true allele as well as noise. As
read count signal may vary across loci, and as noise may be proportional to signal, locus
specific analytical thresholds may be required.
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The following table and figure demonstrate an example of noise in direct proportion to
signal, for a single allele in a single-source sample with increasing total read counts. The
designation “Signal” represents allele signal and stutter signal, or the read count of the
most common sequence (or consensus) for each length-based allele. The designation
“Noise” is the cumulative number of all other sequences for each length-based allele. In
this example, noise is consistently 2% of signal, regardless of signal intensity (read
count). “ND” indicates not detected.
1X Total Read Count
Length-Based Allele

2X Total Read Count

4X Total Read Count

Signal

Noise

Signal

Noise

Signal

Noise

7

5

ND

10

ND

20

ND

8

50

1

100

2

200

4

9

500

10

1000

20

2000

40

10

5

ND

10

ND

20

ND

or Stutter

1.7.1 The guidance from the parent document applies. However, laboratories may apply locus
specific stochastic threshold values. For examples of how fixed read count thresholds and
percentage based thresholds may result in different allelic dropout designations, see
Supplementary Examples E1 through E3.
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1.7.1.1 NGS-specific measures to enhance sensitivity may also include kit-based
procedural modifications (e.g., changes to sample normalization steps, DNA
sample concentration, etc.), sequencing step modifications (e.g., reduction in the
number of samples pooled, concentration of the sequence pool, etc.), and
reduction of analytical/stochastic thresholds.
1.9

In addition to the information in the parent document, alleles of the same length may be

differentiated by sequence level information (isoalleles), and these sequence-based alleles may be useful
for contributor number estimations.
Section 2: Mixture Interpretation Overview and Strategies
Introduction:
Generally the principles that apply to STR mixture interpretation strategies for CE data described in the
parent document also apply to sequence-based data. When interpretation of the sequence data is limited to
the length-based allele, then the same principles apply. This section addresses differences a laboratory
may encounter when evaluating mixture profiles at the sequence level. In these situations, more alleles
may be resolved and in some cases stutter may be more readily distinguished from alleles of minor
contributors. Sequence specific examples that correlate to CE examples are included.
2.1

In addition to the text in the parent document, if assumptions are made that rely on sequence

information, such as number of contributors being based on isoalleles, then the criteria shall be supported
by the data and shall be defined and documented. In the following example table and figure, this mixture
appears as a minimum two person mixture by length, but a minimum of three contributors is indicated by
sequence. To highlight this difference, and for example purposes only, stutter alleles are not being
considered and are therefore not represented in the figure.
Length-Based Allele

Sequence

Read Count

7

[TCTA]7

2000

9

[TCTA]9

1900

9

[TCTA][TCTG][TCTA]7

500

11

[TCTA]11

1300
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2.2

13

[TCTA]13

650

13

[TCTA][TCTG][TCTA]11 450

In addition to the text in the parent document, for sequence-based NGS data, pair-wise

comparison of all potential genotypic combinations should consider sequence data and the ACR of all
sequence combinations, including isoalleles.
2.3

In addition to the text in the parent document, sequence-based interpretation of mixtures must be

based on sequence-based mixture studies, including known contributors with alleles that overlap by
length but are differentiated by sequence (isoalleles).
2.4.1

In addition to the text in the parent document, for sequence-based NGS data, the

sequence data may differentiate length-based shared alleles (isoalleles), and this may allow
determination of major and minor sequence alleles which are the same length. In the following
example table and figure, two different sequences are observed for the length-based allele 9.
Based on the read counts and ACR expectations, one isoallele can be attributed to the major
contributor and the other to the minor contributor. For purposes of this example, stutter alleles
are not considered, and are therefore not represented in the table or figure.
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Length-Based Allele

Sequence

Read Count

9

[TCTA]9

2500

9

[TCTA][TCTG][TCTA]7 250

11

[TCTA]11

2500

13

[TCTA]13

250

2.6.3.1 At some loci, sequence information may allow differentiation of stutter and
same-length minor contributor alleles. In order to use this information, it is important to
characterize sequence-based stutter expectations during validation. In the following
example table and figure, two different sequences are observed for the length-based allele
9. Based on the sequences, read counts, ACR and stutter expectations, one isoallele is
consistent with stutter of the major contributor and the other isoallele is attributable to the
minor contributor.
Length-Based Allele

Sequence

Read Count

6

[TCTA]6

380

7

[TCTA]7

5000

9

[TCTA]9

300
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9

[TCTA][TCTG][TCTA]7

250

10

[TCTA][TCTG][TCTA]8

5500

12

[TCTA]12

425

The stutter threshold at this locus is 10%. The profile is assumed to be a two-person
mixture.
Major contributor sequence-based genotype determined as:
Length-Based Allele

Sequence

Read Count

7

[TCTA]7

5000

10

[TCTA][TCTG][TCTA]8

5500

ACR
91%

Minor contributor sequence-based genotype determined as:
Length-Based Allele

Sequence

Read Count

9

[TCTA]9

300

12

[TCTA]12

425

ACR
71%

Stutter alleles that do not need to be incorporated into statistic:
Length-Based Allele

Sequence

Read Count

Stutter
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6

[TCTA]6

380

7.6%

9

[TCTA][TCTG][TCTA]7

250

4.5%

Section 3. Comparison of References and Statistical Weight of Probative Inclusions
Introduction:
Generally, the principles that apply to CE based comparisons of reference profiles to evidence profiles
also apply to profiles derived from sequence data. When comparisons of profiles derived from sequence
data is limited to the length-based allele designations, then the same principles apply as CE based
comparisons. This section addresses differences a laboratory may encounter when comparing profiles at
the sequence level.
3.2.4.1 Reported Range: If comparisons are conducted using sequence data, then
sequence-based allele frequency data shall be used for statistical analysis. The sequencebased allele frequency data utilized should consist of the same sequence range (see
section 1.4.1) as the allele being compared. It is possible to truncate a sequence-based
allele frequency data set if it represents a larger range than the laboratory’s desired
reporting range. However, if the sequence-based allele frequency data set is of a smaller
range than the laboratory’s desired reporting range, the laboratory’s reported range must
be truncated to match the frequency data (see Supplementary Tables S1-S3 for more
information).
3.4.2.2.1 For statistical calculations of sequence-based single source genotypes,
isoalleles are considered heterozygote genotypes and the formula is 2pq.
3.4.2.2.1.1 Laboratories performing length-based analysis should have
policies for interpretation and statistical analysis when isoalleles are
encountered at a locus. This is recommended to avoid concealing
potentially exculpatory information.
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3.4.2.3.1 Currently, guidance does not exist regarding theta values for sequencebased data; therefore, the existing NRC II guidance should be followed (NRC II
4.4a, where typically θ = 0.01 for most U.S. groups or 0.03 for some isolated

populations).
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Glossary
Allele Count Ratio: the relative ratio, or intralocus balance, of two alleles at a given locus. This is
commonly expressed as a percentage, and is generally calculated for a given locus by dividing the count
of the allele with the lower signal value by the count of the allele with the higher signal value. Allele
Count Ratios may also be referred to as allele coverage ratios or read count ratios. In all cases, the ratios
are analogous to CE-based Peak Height Ratios.
Cluster Density: the density of clonal clusters on a sequencing flow cell. Optimal cluster density
maximizes sequencing performance in terms of data quality and total sequence data output. The term
applies to those NGS chemistries that employ glass flow cell sequencing technology.
Demultiplexing: the bioinformatic sorting of samples that have been simultaneously analyzed on a
sequencer using the indices (also known as barcodes) associated with individual samples.
Flanking Region: DNA sequence located between PCR primer binding sites and the core repeat region of
the short tandem repeat (STR) amplicon. The extent of this region varies according to PCR primer
placement and is therefore expected to vary by kit. The amount of flanking region reported may further
vary by bioinformatic program design, data quality, allele length, etc.
Flanking Region Polymorphisms: nucleotide variants in regions of short tandem repeat (STR)
amplicons that are 5′ or 3′ adjacent to the core repeat region.
Forward/Reverse Balance (or strand balance): a measure of the distribution of forward and reverse
reads aligned at each nucleotide position. A relatively even distribution of reads from both strands
provides a measure of support for the nucleotide call. While strand imbalance or bias can, under certain
circumstances, indicate reduced support for the affected nucleotide calls, in some assays, and in particular
genomic regions, only one strand is routinely sequenced. As forward/reverse balance can be used as a
quality metric, expectations for strand balance should be established during validation.
Index: a molecular barcode, typically consisting of DNA sequence(s) covalently bound to genetic material
from a sequencing library that provides sample identity and allows for multiple samples to be analyzed
simultaneously.
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Isoallele: alleles that are identical by length-based analysis, but different by sequence-based analysis.
Also known as isometric alleles.
Library (or sequencing library): a work product consisting of genetic material prepared for analysis on a
next generation sequencing instrument.
Loading Density: the percentage of wells successfully loaded across the physical surface of a sequencing
chip. Higher values reflect greater coverage or loading of the chip. The term applies to those NGS
chemistries that employ sequencing chips with wells.
Next Generation Sequencing or NGS: (also known as massively parallel sequencing, deep sequencing
and high throughput sequencing) is a term used to describe modern sequencing technologies other than
Sanger sequencing.
Phasing: the rate at which single molecules within a sequencing cluster become out of sync with each
other during the sequencing process. Individual strands may be a base (or more) ahead of the majority of
the cluster (pre-phasing), or they may lag behind the majority of the cluster (phasing). Together, prephasing and phasing offer a measure of the performance of the chemistry/sequencing run, with higher
values indicating lower signal to noise ratios (i.e., more noise from phasing). The term applies to
sequencing by synthesis chemistries.
Quality score (or Q-score): a metric that is used to indicate whether a base has been called correctly.
Specifically, it is the probability that a given base has been miscalled. Mathematically, it is defined as
-10log10(e), where e is the estimated probability of the base call being incorrect. Higher Q scores indicate
a lower probability of base-calling error, while lower Q scores indicate a higher probability of error.
Reads: the raw sequence data produced by a sequencing instrument, generated as a result of detection of
the sequence of nucleotides in a DNA strand and the translation of that information into digital sequence
data.
Read count: the absolute number of reads of a given sequence. Read count (X) is a measurement of
signal and, as such, is analogous to relative fluorescent units (RFUs) in capillary electrophoresis based
analysis.
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Supplementary Tables S1-S3
Sequence-based population allele frequency data used for interpretation should consist of the same
sequence range as the allele(s) being compared. The following example describes how a sequence-based
allele frequency data set based on a larger range than the laboratory’s desired reporting range could be
truncated for use.
In the following example, the first table represents a published sequence-based allele frequency data set
for one locus and one population. The published data contains 14 bases of 5′ flanking region and 36 bases
of 3′ flanking region. Polymorphisms which differentiate these sequences from the Genome Reference
Consortium Human genome build 38 (GRCh38) are highlighted in yellow.
Supplementary Table S1

A laboratory would like to use this data set to generate statistics; however, the laboratory is only including
8 bases of 5′ flanking region and 20 bases of 3′ flanking region in their analysis. Therefore, they must first
truncate the published data set to match their reported range, as follows (hyphens indicate bases removed
from the previous table, and are included for demonstration purposes only):
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Supplementary Table S2

And then collapse/combine the frequencies associated with sequences which are no longer differentiated,
e.g. the second and fourth “9” sequences, the first and third “11” sequences, and the first and third “12”
sequences. This yields the following frequency data set that the laboratory will use for statistical analysis:

Supplementary Table S3
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Supplementary Examples E1-E3
Laboratories should be aware of the differences between percentage-based and fixed read count analytical
and stochastic thresholds*. For example, percentage-based and fixed read count stochastic thresholds
may yield different allelic dropout designations in mixtures with high-level major and low-level minor
contributors since the percentage-based stochastic threshold will primarily depend on the read count of
the major contributor(s). The following two scenarios demonstrate how a 10% difference in the major
contributor read counts results in different outcomes for equivalent minor allele read count under a
percentage-based threshold, while the minor allele is treated independently and consistently under a fixed
read count value threshold.
Supplementary Example E1.
Length-Based Allele

Sequence

Read Count

7

[TCTA]7

2500

9

[TCTA]9

230

11

[TCTA]11

2250

* The percentage-based stochastic threshold discussed in these examples does not necessarily correspond to the percentage-based
“interpretation threshold” implemented in some commercially available data analysis packages. Laboratories employing an
“interpretation threshold” should fully understand the parameter and how it relates to analytical and stochastic thresholds.

22 | P a g e

Addendum to SWGDAM Autosomal Interpretation Guidelines for NGS – APPROVED 04/23/2019

Based on the overall profile, this is determined to be a two-person mixture.
Scenario 1: The laboratory uses a fixed read count value analytical threshold of 50X and
stochastic threshold of 200X. The minor allele is above the stochastic threshold and
the possibility of dropout need not be considered.
Scenario 2: The laboratory uses a percentage-based analytical threshold of 1%, with a
minimum value of 50X, and a percentage-based stochastic threshold of 5%, with a
minimum value of 200X. The locus read count results in an analytical threshold of 50X
(based on 1% of the total locus read count) and a stochastic threshold of 249X (based on
5% of the total read count). Due to the high read count of the major contributor, the
minor allele is below the stochastic threshold and the possibility of dropout must be
considered.
Supplementary Example E2.
Length-Based Allele

Sequence

Read Count

7

[TCTA]7

2250

9

[TCTA]9

230

11

[TCTA]11

2025

Based on the overall profile, this is determined to be a two-person mixture.
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Scenario 1: The laboratory uses a fixed read count value analytical threshold of 50X and
stochastic threshold of 200X. The minor allele is above the stochastic threshold and
the possibility of dropout need not be considered.
Scenario 2: The laboratory uses a percentage-based analytical threshold of 1%, with a
minimum value of 50X, and a percentage-based stochastic threshold of 5%, with a
minimum value of 200X. The locus read count results in an analytical threshold of 50X
(45X based on 1% of the total locus read count; minimum value of 50X) and a stochastic
threshold of 225X (based on 5% of the total read count). The minor allele is above the
stochastic threshold and the possibility of dropout need not be considered, despite the
minor contributor read count being the same as in Example E1.

Supplementary Example E3.
As shown in the following example, in the case of a low-level mixture, the percentage-based stochastic
threshold that is validated alongside a minimum read count threshold will likely perform similarly to a
fixed read count value stochastic threshold. This is because the validated minimum value will typically be
higher than the percentage-based value in low level mixtures. However, consideration of all possible
scenarios is beyond the scope of this document and it is the laboratory’s responsibility to fully consider
and provide criteria for the implementation of a percentage-based threshold.
Length-Based Allele

Sequence

Read Count

7

[TCTA]7

70

9

[TCTA]9

80

11

[TCTA]11

90
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Based on the overall profile, this is determined to be a two-person mixture.
Scenario 1: The laboratory uses a fixed read count value analytical threshold of 50X and
stochastic threshold of 200X. All three alleles are below the stochastic threshold;
therefore, the possibility of dropout must be considered.
Scenario 2: The laboratory uses a percentage-based analytical threshold of 1%, with a
minimum value of 50X, and a percentage-based stochastic threshold of 5%, with a
minimum value of 200X. Because the minimum value stochastic threshold is higher than
the percentage-based value (70+80+90=240, then 240*0.05=12X), the possibility of
dropout must be considered.
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