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Sequencing STRs: 

Variation and Nomenclature
Disclaimer
Points of view in this document are those of the authors and 
do not necessarily represent the official position or policies of 
the U.S. Department of Commerce. Certain commercial 
equipment, instruments, and materials are identified in order 
to specify experimental procedures as completely as possible.
In no case does such identification imply a recommendation 
or endorsement by NIST, nor does it imply that any of the 
materials, instruments, or equipment identified are necessarily 
the best available for the purpose. 
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[AGAA]12

[AGAA]16

[TCTA]11

[TCTA]12[TTTA][TCTA]2[TCTA][TCTG]2[TCTA]12

[TCTA][TCTG][TCTA]13

Sequence-Based Heterozygote:  A locus that appears homozygous in length-

based measurements (such as CE), but is heterozygous by sequence
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[GGAA]13

[GGAA]13
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NIST 
Population 
Samples

• N=183
• Caucasian (70)
• Hispanic (45)
• African 

American (68)

Amplification 
& Library Prep

• 2 x 0.5 ng input 
DNA

• PowerSeq Auto 
System

• Illumina TruSeq
HS PCR-Free

Sequencing

• MiSeq

Bioinformatics

• STRait Razor
• ExactID (Battelle)

• CE concordance 

Pop Gen

• Prob of Identity
• Heterozygosity

Forensic STR Sequence Diversity

DNA Extraction/ 
Quantitation/ 
Normalization

Target Amplification

• Promega PowerSeq 
Auto 24-plex

QIAquick clean-up

• Removes primers and 
unincorporated 
dNTPs

Ligate Indexed, 
Paired-End 
Adapters

Adenylate 3’ Ends

End Repair and 
Size Selection

Validate Library

• qPCR

• Qubit

• Bioanalyzer

Pool Library

• Normalize to average

Begin MiSeq Run 

• 60 hour run time
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Plate 1 Samples with Lowest and Highest Coverage Plate 2 Samples with Lowest and Highest Coverage

10 fold difference in coverage shows similar inter-locus balance
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Average=6540

Average=736

Average=35900

Average=4149
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Plate 2 - Lowest Plate 2 - Highest
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Plate 1 - Lowest Plate 1 - Highest
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The role of bioinformatics

This is one page of 
sequence data

The lowest coverage sample 

has 2,838 pages

All loci and F/R strands 
are mixed together
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Discordant Loci in CE compare

Exact ID
Only

ExactID+
STRait Razor

STRait Razor
Only

D13S317 5

D7S820 1

Penta D 15

D18S51 3

D19S433 1 2

D12S391 3

CE Concordance Check Results:

24 loci x 183 samples = 4392 loci evaluated

ExactID and STRait Razor 
> 99% concordance with CE data

Discordant Loci in CE compare

Exact ID
Only

ExactID+
STRait Razor

STRait Razor
Only

D13S317 5

D7S820 1

Penta D 15

D18S51 3

D19S433 1 2

D12S391 3

� Repeat Region     NGS Recognition Region 4 bp Deletion CE Primer Binding Site�

TATC TATC TATC AATCAATCATCTATCTATCTTTCTGTC----TTTTTGGGCTGCCTATGGCTCAA

TATC TATC TATC AATCAATCATCTATCTATCTTTCTGTCTGTCTTTTTGGGCTGCCTATGGCTCAA

Flanking region InDel:  Bioinformatic pipelines may reduce the region used for  

genotyping, resulting in deletions not being “counted” as they would via CE

Forensic STR Sequence Diversity

NGS [TATC]10

Sequence     [TATC]11

D13S317
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7 [AGAT]7 AGAT AGAT AGAT AGAT AGAT AGAT AGAT

8 [AGAT]8 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

9 [AGAT]9 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

10 [AGAT]10 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

10 [AGGT][AGAT]9 AGGT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

11 [AGAT]11 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

11 [AGAT]3 AGGT [AGAT]7 AGAT AGAT AGAT AGGT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

12 [AGAT]12 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

13 [AGAT]13 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

14 [AGAT]14 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

 CSF1PO

N=183
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Additional Alleles by Sequence

8 alleles by length � 10 alleles by sequence

N=183
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Additional Alleles Obtained by Sequencing

N=183

Forensic STR Sequence Diversity

LENGTH

N=183

Forensic STR Sequence Diversity

Alleles Obtained by Sequence

Forensic STR Sequence Diversity

Probability of Identity

Sum of each genotype frequency^2 at each locus

= Ʃ	��2

Probability that two unrelated individuals 
selected at random 

will have the same genotype at a locus

n

i=1

-10% -8% -6% -4% -2% 0%

Decrease in PI by Population

H C AA

9.1%

8.4%

7.1%

6.4%

4.1%

2.7%

2.5%

2.4%

2.7%

6.2%

2.5%

3.3%

1.5%

1.3%

1.1%

1.7%

0% 2% 4% 6% 8% 10%

D3S1358

D2S441

D8S1179

vWA

D21S11

D2S1338

D12S391

D1S1656

Global Probability of Identity

Global PI sequence Global PI lengthN=183

Forensic STR Sequence Diversity

Lower value is better
(more discriminating)
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Heterozygosity

# heterozygotes observed 

# of loci tested

Indicates genetic variability at a locus

92%

88%

84%

84%

84%

79%

79%

78%

96%

90%

91%

89%

93%

90%

90%

85%

75% 80% 85% 90% 95% 100%

D2S1338

D1S1656

D21S11

vWA

D12S391

D8S1179

D3S1358

D2S441

Average Observed HET

HET sequence HET length

Forensic STR Sequence Diversity

Higher value is better
(more variability)

0% 5% 10% 15% 20%

Increase in Observed HET by Population

H C AA

Forensic STR Sequence Diversity

Conclusions

Sequencing forensic STR loci in a HTP manner is possible 
(automation is needed)

Bioinformatic tools are in their infancy,                                             
testing across platforms and pipelines is important

At some loci, sequencing will offer significant gains                                 
(“core set” for mixture analysis)

Extending analysis to the flanking regions                                             
will increase effective number of alleles

Infrastructure such as nomenclature guidelines and allele 
frequency databases are needed prior to implementation

Forensic STR Sequence Nomenclature

Options for representing sequence data, and possible applications:

1. Complete Sequence String entire string of generated sequence

TGACTATGGAGTTATTTTAAGGTTAATATATATAAAGGGTATGATAGAACACTTGTCATAGTTTAGAACGAACTAAC

GATAGATAGATAGATAGATAGATAGATAGATAGACAGATTGATAGTTTTTTTTTATCTCACTAAATAGTCTATAGTA

AACATTTAATTACCAATATTTGGTGCAATTCTGTC

2. Bracketed sequence

• repetitive elements enclosed in brackets and a numeric representation of the

repeat length

[AATG]6 A-TG [AATG]3 = TH01 9.3 allele

• polymorphisms (SNPs or InDels) in flanking regions identified by “rs” number

3. Unique Identifier

• 13d rs206432C where 13 = repeat length, d = sequence version, rs number = flank

polymorphism

• @j*5 = computer-generated code applied to each unique sequence string within a 

defined region 

Forensic STR Sequence Nomenclature

Reporting/Manual Comparisons

• Meaningful unique identifier (e.g. 13d) may be helpful for quick comparisons

• Bracketed sequence is intuitive and may help in explaining results to investigator

• Complete sequence could be appended to report

Database Searching

• Database searching must be unambigous and computationally inexpensive (i.e. fast)

• Two most likely possibilities are unique identifier and complete sequence string

Sequence 
Strings

FASTQ files

All files from 
sequencer

Sequence Data Storage
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