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Purpose 

      STRait Razor Analysis (SRA) converts STRait Razor* sequence-based allele calls into genotype 
tables for and/or histograms for downstream analysis. STRait Razor Analysis also allows the user 
to control the genotype calls using heterozygous, strand balance, and coverage thresholds. Read 
strands are merged and reported as single strand (Default=Forward) in Genotype Tables. 

*STRait Razor use is detailed in separate manual. Use of this workbook assumes a degree of STRait Razor knowledge prior to use. 

**If single-end data is being processed, use read one for both 1 & 2 
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STRait Razor Data Import (Single Sample) 

1. Single sample data analysis begins on the ‘Dropin’ Tab   

2. Click ‘Import’ button to import data 

 

3. Open ‘allsequences.txt’ from either R1 or R2 folder 

 

 

4. If the sequences file imported is too large for the current build, the ‘Sample Size Check’ 
field will change to ‘Fail’. In this instance, the workbook will need to be modified using the 
STRait Razor Minimization Protocol 

 

5. Select the kit (e.g., PowerSeq) used for amplification using the dropdown menu  

 

6. A Global AT may be applied to all loci 

 

7. Navigate to ‘Top20’ Tab  

8. Proceed to Data Analysis section of the manual 
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STRait Razor Data Import (Batch Processing) 

1. Navigate to ‘Dropin’ Tab   to select the kit 

2. Select the kit (e.g., PowerSeq) used for amplification using the dropdown menu 

 

3. Navigate to ‘Queue’ Tab   

4. Press ‘Compile Sample List’ button to launch a directory window. Select the output folder that 
contains the STRait Razor results to be analyzed 

 
 

5. Press ‘OK’ to generate a sample list 

 
6. If only a subset of samples is meant to be analyzed, remove the checkmark from beside 

(Column C) and those samples will be removed the samples from the current analysis 

Note: the Sample Complete (Column L) section shows samples that have been completed 

and/or failed analysis. Thus, if a sample fails analysis    due to high haplotype diversity, 
the workbook will need to be modified using the STRait Razor Minimization Protocol. After 
this modification, the failed sample may be isolated and analyzed independent of the 
entire dataset. 

7. Autosave (Default=No) instructs the macro to save the workbook every ten samples in case of 
battery loss or computer failure during the analysis 

8. Press ‘Process Queue’ button to analyze data for all loci from all samples selected. 
Note: Please ensure the Data Analysis and Export section has been read and configured  
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Data Analysis and Export 

1. The hidden tab ‘KitConfig’   houses the presets for Strand Balance, Heterozygote 
Balance, and Coverage on per locus and per assay basis. This is detailed further in Appendix A 
 

 
 

2. By default the marker selection mode is set to “Dropin”. In this syntax, the workbook analyzes 
the markers as dictated by the supporting macros. However, if the user prefers to jump directly 
to a specific locus, change the Marker Selection to “Manual” 
 

 
 

3. Data tables to be exported may be designated by selecting the appropriate radio buttons 

 
a. Note: Data tables are detailed further in Appendix C 

 
4. By default, the Strand Balance Threshold is not applied; however, a checkbox below the 

coverage plot may be selected to apply the strand balance filter and remove potential noise  
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5. Analysts may navigate between loci using the ‘Previous’ and ‘Next’ markers and data may be 
exported one marker at a time using the ‘Export Current Marker’ 

 
6. Alternatively, all selected data tables may be exported for all loci simultaneously using the 

‘Export Selected Tables’ 
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Appendix A: Kit Config 

The ‘KitConfig’ tab  contains the data needed for proper data analysis and comprehensive allele 
nomenclature assignment. New loci may be added by adventurous users. This appendix is broken down 
by sections designated as essential [E] for analysis or optional [O]. Optional sections are necessary only 
when considering the ‘Designate Nomenclature’ Tab  . Comprehensive Nomenclature 
assignment to “Novel Alleles” is detailed further in Appendix D. Data found within the ‘KitConfig’ are 
transferred automatically, as the active kit is changed, to the ‘Config’ tab  which is detailed in 
Appendix B. 

A) Reference Sequences [O]: The amplicon haplotypes collected from the reference genome using 
the getfasta option in bedtools 

B) Motif Spacer [O]: Short DNA sequence matching the last four bases of the repeat region along 
with the immediate flanking region of the STR. This sequence is used to align novel haplotypes 
to the reference genome 

C) Reference STRaitRazor Haplotype [O]: The haplotypes collected from the reference genome 
using the getfasta option in bedtools for the region captured by STRait Razor 

D) Amplicon Coordinates [O]: Chromosomal coordinates for the amplicons (HG38) 
E) Haplotype Coordinates [O]: Chromosomal coordinates for the STRaitRazor haplotypes (HG38) 
F) Marker Number [O]: Marker order 
G) Heterozygote Balance [E]: Heterozygote balance threshold on a per marker & per kit basis. The 

threshold is calculated by dividing the second largest, in terms of coverage or read depth, by 
the largest allele. For example, the allele 12 has 932 reads associated with it and allele 17.3 has 
950 reads. Thus, the heterozygote balance is 0.98. However, the heterozygote balance output 
in the genotype tables (Appendix C) is calculated by dividing the largest (by length) allele by the 
second largest allele 

H) Coverage Threshold [E]: Coverage threshold on a per marker & per kit basis 
I) Strand Balance [E]: Strand balance threshold on a per marker & per kit basis 
J) (Default=Disabled) Preliminary values in place are based on data generated thus far and will 

change as more data are made available. These data suggest that some loci (e.g., D10S1248) 
may not be viable candidates for application of this threshold due to strand bias during 
sequencing and, thus, the default threshold is 0%. However, other loci seem to perform 
exceedingly well (e.g., D1S1656) and an initial threshold of 1% or 0.01 is applied to these loci. 
This admittedly small value is meant to remove noise, but the true threshold will need to be 
determined using population/validation data 

K) Internal Motif for Strand Reporting [E]: Internal motif found within the haplotype of the strand 
to be reported (e.g., the repeat for CSF1PO is ATCT in the forward strand and AGAT in the 
reverse strand). By default the forward strand is reported from all loci. So, for CSF1PO the 
internal motif is ATCTATCTATCT. The motif is listed multiple times to increase stringency of the 
matching 

 

 

 



Center for Human Identification 
Research and Development Laboratory 

 

Appendix B: Config 

The ‘Config’  houses all the data used by formulas within the workbook to merge reads, 
analyze data, and align to the reference genome (Default=HG38) for comprehensive nomenclature 
assignment. There are two sections within this tab (i.e., conserved [C] and variable [V] data). 
Conserved data is static across kits (e.g., repeat region coordinates). Variable data is dynamic and 
may change between kits dependent on the anchors used or thresholds chosen by the analyst 
pulled directly from the ‘KitConfig’ tab  detailed in Appendix A. 

Locus [C]: Full list of markers across all kits 

RefSeq [V]: Haplotype based on STRait Razor anchors for the selected kit 

Repeat Size [C]: Period of the repeat (e.g., CSF1PO: ATCT; 4 base repeat) 

Motif Spacer [V]: Motif spacer pulled from ‘KitConfig’ for the selected kit at each locus 

HG38 Allele [C]: Repeat number of reference genome for each marker (e.g., CSF1PO contains 13 
repeats in HG38)  

Chr [C]: Chromosome on which the locus is found 

FRStart [V]: Chromosomal coordinates of the haplotype start point based on STRait Razor anchors 
for the selected kit in each locus {1-based} 

FRStop [V]: Chromosomal coordinates of the haplotype stop point based on STRait Razor anchors 
for the selected kit in each locus {1-based} 

RRStart [C]: Chromosomal coordinate of the start point of the repeat region in each locus 

RRStop [C]: Chromosomal coordinate of the stop point of the repeat region in each locus 

RRStart [C]: Some X and Y STRs contain a nucleotide spacer between distinct repeat sections. Thus, 
the dual repeat region start and stop points in each locus 

RRStop [C]: Some X and Y STRs contain a nucleotide spacer between distinct repeat sections. Thus, 
the dual repeat region start and stop points in each locus 

Repeat Region [C]: Minimum and maximum coordinates for all repeat regions in each locus 

Heterozygote Balance [V]: Heterozygote balance from ‘KitConfig’ for the selected kit at each locus 

Coverage Threshold [V]: Coverage threshold from ‘KitConfig’ for the selected kit at each locus 

Strand Balance Threshold [V]: Strand balance from ‘KitConfig’ for the selected kit at each locus 

Microvariant Alignment Adjustment [C]: String of scenarios in which deletions may be observed, 
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aligned, and accounted for in cases involving microvariants. These may not be comprehensive, but 
correct microvariants observed thus far 

Internal Motif1 [V]: Internal motif used for read matching from ‘KitConfig’ for the selected kit at 
each locus 

Internal Motif2 [V]: See above 

Internal Motif3 [V]: See above 

Marker Type [C]: Categories of marker type (e.g., SNP, microhaplotype, STR) used for 
comprehensive nomenclature reporting and length-based reporting of SNPs/Microhaplotypes 

Haplotype Coordinates [V]: Parsed coordinates used for alignment and variant calling of novel 
sequences 
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Appendix C: Data Tables and Charts 
 

 

Note: All data displayed are above the thresholds preset in the ‘Kit Config’ (Appendix A) 

One feature briefly discussed above was that of a Strand Balance Threshold (SBT). Population studies 

are needed to determine the efficacy of applying the SBT at each locus. Preliminary studies on ~60 and 

15 unrelated individuals for the PowerSeq and Mixture ID panels, respectively, identified the markers 

that may not be useful for applying a SBT. Thus, the SBT is disabled by default. However, may be 

evaluated for its utility at the analyst’s discretion. Initial usage suggests application of the SBT may 

drastically improve interpretation for those loci with little strand bias by removing both substitution 

and insertion/deletion errors. (Example: Mixture ID below) 
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A) Length-based Genotype Table 
The Length-based GT contains the genotype data for the active locus when the sequences are 
not considered. In this way, the data found in this table are more consistent with the data 
generated by the CE. For example, the following locus is heterozygous by sequence and 
homozygous by length in this individual. 
 

 
 
Thus, the LB data for this locus (D7S820 included in the example files) would simply be 
homozygous 12; however, the Sequence-based data (discussed below) would be heterozygous 
12. The heterozygote balance output in the genotype tables is calculated by dividing the largest 
(by length) allele by the second largest allele (e.g., 0.66 and 1.5 are equivalent balances that 
differ by allele length). Exported Length-based Genotype Table can be placed into the STRait 
Razor Profile Viewer for data visualization. 

B) Sequence-based Genotype Table 

The Sequence-based GT contains the genotype data for the active locus when the sequences 
are considered. The heterozygote balance output in the genotype tables is calculated by 
dividing the largest (by length) allele by the second largest allele (e.g., 0.66 and 1.5 are 
equivalent balances that differ by allele length).  

C) Haplotype Table 

The Haplotype Table contains the string sequences captured by STRait Razor converted, when 
necessary, to the forward strand (Default) for uniform reporting. Additionally, the sequence 
diversity for the locus and the strand balance for each allele are reported. The former is 
subdivided into sequences above the analytical threshold and total number of unique 
sequences at a locus. 

 
For example, D18S51 for the example PowerSeq file has a sequence diversity of 18_1190; 18 
unique sequences above AT and 1190 total unique sequences at the locus. The strand balance 
of each of these haplotypes also is shown in this table. 
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As PCR/sequencing error is less likely to occur in both directions (this may vary by locus. The 
strand balance here may be used to filter potential errors by toggling on the ‘Apply Strand 
Balance Threshold’ field. 

 

D) Comprehensive Nomenclature Table 

The Comprehensive Nomenclature Table contains the nomenclature recommended for this 
haplotype based on the string given. This nomenclature is pulled from a lookup table in a 
separate tab. Additionally, the total locus coverage and relative allele percentage (RAP) are 

reported. The relative allele percentage is calculated as  
𝐻𝑎𝑝𝑙𝑜𝑡𝑦𝑝𝑒 𝑅𝑒𝑎𝑑 𝐷𝑒𝑝𝑡ℎ

𝑇𝑜𝑡𝑎𝑙 𝐿𝑜𝑐𝑢𝑠 𝑅𝑒𝑎𝑑 𝐷𝑒𝑝𝑡ℎ
 .The locus 

coverage reported here is affected by the interpretation of strand balance. The RAP for each 
haplotype, therefore, is the coverage of the sequence-based allele divided by the total locus 
coverage. 

E) Sequence Pileup 

The Sequence Pileup contains the Top 20 haplotypes after all thresholds have been applied. By 
default, this table is not selected for export as the data are redundant with those in more user-
friendly tables. However, it is useful for locus-by-locus data examination. 

F) Allele Noise Data 

Similarly, the Allele Noise Table contains the top 20 coverages observed binned by length. In 
addition, it has the percent stutter to the potential parent allele (e.g., percentage of -2/-1 in the 
example below are lengths 10 and 11 from the 12 true allele. The percentage of -1 is 10% and -
2 is 8%) as well as the -1 stutter of only the potential true alleles. Furthermore, the relative 
allele percentage of the length-based alleles can be found along with a breakdown of number 
of unique sequences by length. Lastly, estimation of noise may be made using the sum of reads 
by length and the haplotype coverages. By default, this table is not selected for export. 
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G) Locus Coverage Plot 
The Locus Coverage Plot contains all sequence data above thresholds binned by length with the 

length-based allele and coverage below as typically seen with electropherograms. 
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Appendix D: Designating Comprehensive Allele Nomenclature 

1. Identify sequence without ‘Comprehensive Allele Nomenclature’ designation 
 

 
 

2. Press ‘Determine Nomenclature of Novel Sequence’ button 
 

 
3. Select the string sequence of the allele to be described 

 

 
 

4. After pressing “OK”, the ‘DesignateNomenclature’  tab is launched 
5. In most instances, the suggested nomenclature presented requires no further processing and 

may be added to the database directly 
 

 
 

6. If the motif given is consistent with expectations, press ‘Add Sequence to Database’. 
Otherwise, continue to Step 7 
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7. The motif used for alignment purposes is prone to error when a SNP exists in the first few 
bases. Very few loci (e.g., D13S317) contain common SNPs in this position 
 

 
 
The reference allele for this locus is an 11. Thus, when a haplotype containing a SNP 
(82148069-A/T) is larger than the reference, the reference is expanded for alignment and no 
issue exists. However, when the allele being expanded contains the SNP, the formulas do not 
natively recognize the sequence due to the exact matching necessary. When aligning novel 
sequences from loci with a SNP, take care to check the right flank expansion position (See 
below). 
 

 
 

8. To correct this, simply highlight the bases to be moved and “Cut & Paste”* them to the correct 
position 

 

*Note: This is quite possibly the only instance it is EVER ok to cut a cell in this or any other workbook 
King-built. 
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9. After pasting the bases to the correct position, the analyst now has the final nomenclature to 
add to the database. 

 
10. Additionally, some loci (e.g., D10S1248 in PowerSeq) have insufficient flanking area for 

expansion 
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11. This insufficient flanking area is easily identified by noting the single base coordinate (red arrow 

above). To correct these loci, simply highlight the area and insert cells to shift the base to the 
end of the sequence 

 

 

 

12. Voila! While rare, these alignment issues may arise and can easily be overcome. 
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Appendix E: String Conversion 

1. Paste list of haplotypes into column B. 
 

 
 

2. If the haplotype is present in the database, it will be displayed in column C.  
 

 
 

3. Otherwise, it will be labelled “NovelSeq”  
 

 
 

4. To define the nomenclature of this sequence, change the active locus to the one in 
question and use the ‘Define Nomenclature’ button to describe the haplotype. Once added 
to the database, the nomenclature will be made available. 
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Changelog 

v2s:  
03/13/2017-Launched!! 
04/21/2017-Grammatical errors throughout corrected 
09/27/2018-Added the formula for Relative Allele Percentage (Credit: KB-VCU) 
01/31/2020-Justified paragraphs throughout  

 

 


