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Stutter Product Formation 

Stutter % =  

RFU of stutter peak 

 RFU of true allele peak 

Why Analyze Stutter? 

• Validation to aid in sample analysis and interpretation  

• Allows software to ignore stutter, improving efficiency in data analysis 

• Distinguishing minor contributors from artifact in mixtures 

• Improved models of stutter characterization by 
understanding what influences stutter formation 

• Allele length 

• STR sequence motif  

• AT/GC content  

• Flanking region 

• Amount of DNA 

  http://www.cstl.nist.gov/strbase/pub_pres/AAFS2016_NGS%20Workshop_Gettings.pdf 

DNA Extraction 

Quantitation 

Capillary  

Electrophoresis 

(CE)  

Workflow 

PCR Amplification 

CE Separation 

Data Analysis 

Next-Generation  

Sequencing (NGS)  

Workflow 

PCR Amplification 

Library Preparation 

Normalization/Pooling 

Clonal PCR Amplification 

Sequencing Reaction 

Bioinformatic Data Analysis: 

FASTQ File 
Program to separate and 

genotype STR alleles 

Program to parse and 

analyze data 

Trends in CE Data 

Simple Repeat Compound/Complex Repeat 

C.F. ThermoFisher Scientific GlobalFilerTM PCR Amplification Kit User Guide 

Stutter by Sequence 

D12S391 

[AGAT]13 [AGAC]8 [AGAT] 

(n-4)seq = 22% 

(n-8)seq = 5% (n+4)seq = 1% 

  6% = [AGAT]13 [AGAC]7 [AGAT] 

16% = [AGAT]12 [AGAC]8 [AGAT] 

4% = [AGAT]11 [AGAC]8 [AGAT] 

1% = [AGAT]12 [AGAC]7 [AGAT] 

[AGAT]14 [AGAC]8 [AGAT] 
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Allele Repeat Structure 

  [TCTA]10-14 

10 [TCTA]10 

11 [TCTA]11 

12 [TCTA]12 

13 [TCTA]13 

14 [TCTA]14 

  [TCTA][TCTG][TCTA]10-14 

12 [TCTA][TCTG][TCTA]10 

13 [TCTA][TCTG][TCTA]11 

14 [TCTA][TCTG][TCTA]12 

16 [TCTA][TCTG][TCTA]14 

  [TCTA][TCTA][TCTG][TCTA]8-15 

11 [TCTA][TCTA][TCTG][TCTA]8 

12 [TCTA][TCTA][TCTG][TCTA]9 

13 [TCTA][TCTA][TCTG][TCTA]10 

14 [TCTA][TCTA][TCTG][TCTA]11 

15 [TCTA][TCTA][TCTG][TCTA]12 

16 [TCTA][TCTA][TCTG][TCTA]13 

17 [TCTA][TCTA][TCTG][TCTA]14 

18 [TCTA][TCTA][TCTG][TCTA]15 

D8S1179 Sequence Motifs D8S1179 n-4 Stutter by Allele 

2%

4%

6%

8%

10%

12%

14%

16%

18%

9 10 11 12 13 14 15 16 17

P
er

ce
n

ta
ge

 n
-4

 S
tu

tt
er

 

Allele Number 

[TCTA]n

[TCTA][TCTG][TCTA]n

[TCTA]2[TCTG][TCTA]n



5/25/2016 

3 
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Longest Uninterrupted Stretch (LUS) 

D8S1179 
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D8S1179 Sequence Motifs 
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Next Generation Sequencing Data 

• Samples 

• N = 159 (Caucasian, African American, and Hispanic individuals) 

• Assay and Instrument 

• Promega PowerSeq® Auto 

• Illumina MiSeq 

• Loci Amplified  

• AMEL, D1S16S56, D2S1338, D2S441, D3S1359, D5S818, D7S820, 

D8S1179, D10S1248, D12S391, D13S317, D16S539, D18S51, 

D19S433, D21S11, D22S1045, CSF1PO, FGA, Penta D, Penta E, 

TH01, TPOX, vWA, DYS391 

• Analysis Parameters 

• FASTQ File -> STRait Razor Perl based software -> NGS Stutter Filter 

• 10X minimum coverage 

 

http://www.il lumina.com/documents/products/datasheets/datasheet_miseq.pdf 

C.F.  K.B. Gettings et al. / Forensic Science International: Genetics 21 (2016) 15–21 

Stutter at 9 

Simple Repeat Loci  

in PowerSeq®  

from N=159 

  n+4   n-4    n-8 

Compound and Complex Loci 

  1. Allele Length 

• D22S1045 

2. Longest Uninterrupted Stretch 

• D19S443, D3S1358, D8S1179 

3. Unique to Sequence Variants 

• D1S1656, D12S391, D21S11, D2S1338, D2S441, FGA, vWA 
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Allele 

D22S1045 Stutter by Allele 

n-3

D22S1045 sequence motif: [ATT]n[ACT][ATT]2 D22S1045 sequence motif: [ATT]n[ACT][ATT]2 
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D3S1358 Sequence Motifs 
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D12S391 Sequence motifs 

[AGAT]n[AGAC]n 
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Subunit Length 

D12S391 [AGAT] vs [AGAC] n-4 stutter 
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[AGAC]n

75% AT / 25% GC 

50% AT / 50% GC 

Stutter Comparison Across Assays 

and Platforms 

Assay Method 
Amplification 

Cycles 

Input DNA 

(ng) 

Samples 

Analyzed 

Data Analysis 

Threshold 

Promega 

PowerSeq® 

Auto 

NGS on 

Illumina 

MiSeq 
30 0.5 159 

10X 

Coverage 

Illumina® 

ForenSeq 

DNA 

Signature 

Prep Kit 

NGS on 

Illumina 

MiSeq 

FGX 

18 1 20 
10X 

Coverage 

GlobalFilerTM 
CE on ABI 

3500xL 
29 1 20 10 RFU 

Promega 

PowerPlex® 

Fusion 

CE on ABI 

3500xL 
30 0.5 20 10 RFU 
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n-4 Stutter Rates by Assay  

at 8 Simple Repeat Loci 
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Stutter rates obtained from: 

PowerPlex Fusion:   K. Oostdik et al. / Forensic Science International: Genetics 12 (2014) 69-76 

GlobalFiler:   ThermoFisher Scientific GlobalFilerTM PCR Amplification Kit User Guide 

ForenSeq:     ForenSeq™ Universal Analysis Software Guide, Part # 15053876 Rev. C, June 2015 

PowerSeq:    Analysis of NIST population samples (N=159), Average + 3 Standard Deviations 

NGS similar  

to CE 

NGS >5%  

higher than CE 

Conclusions 
• Conclusions 

• NGS technology benefits characterization of stutter 
artifacts 

• Development of analysis software for NGS data with the 
ability to include sequence specific stutter thresholds 

• Incorporate allele based thresholds in CE analysis 
software 

• Considerations 

• Not every population group is included 

• Kit specificity 
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