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Bioinformatics
- STRait Razor

« ExactID (Battelle)
« CE concordance

NIST Amplification
Population & Library Prep
Samples
+ N=183
+ Caucasian (70)
« Hispanic (45)

Sequencing Pop Gen
« Prob of Identity
+ Heterozygosity

+2x 0.5 ng input
DNA

American (68)

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

based measurements (such as CE), but is heterozygous by sequence

DNA Extraction/
Quantitation/
Normalization

Target Amplification

+ Promega PowerSeq
Auto 24-plex

QIAquick clean-up

+ Removes primers and
unincorporated
dNTPs

Validate Library

- gPCR
* Qubit
« Bioanalyzer

Pool Library
« Normalize to average

Begin MiSeq Run
+ 60 hour run time
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The role of bioinformatics

This is one page of
sequence data

The lowest coverage sample
has 2,838 pages

e All loci and F/R strands
are mixed together

DH. Warshauer et at.Forensic Science International: Genetcs 7 (2013) 409417 an

ATCGOGCTAGTTTAGAGC: s e Tt
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given locus are extracted from the rav sequence data. Reads witha
detected, a5 well
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STRait Razor: A length-based forensic STR allele-calling tool for use (B cusen
with second generation sequencing data

*, David Lin®, Kumar Hari ., Kavi Jain", Carey Davis", Bobby LaRue ",

David H. Warsh
Jorat
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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 ExactID+ STRait Razor
Only STRait Razor Only

D13S317 5

D7S820 1

Penta D 15

D18S51 3

ID19S433 1 2
[D128391 3

DA, Warshauer et al /Forensic Science International: Genetics 7 (2013) 409-417.

ATCT
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such as thesubsttutions denoted by asteisks (*), ae detected, as well.

ATCGCGCTAGTT Tcr

l " “shaved" avay,laving the repeat regions themselvs. The epeat

heretatnt. Thecumberof baes i achlrd et eion's

GATAGATAGATAGATAGATAGATAGATAGATAGATA|
GATAGATAGATAGATAGATAGATAGATAGATAGATA

(36 baseslong) (GATA repeat motif)

N inations
l engths to the known repeat matit

Allele=9
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Discordant Loci in CE compare D13s317
Exact ID ExactID+ STRait Razor
Only STRait Razor Only
1
Penta D 15

D18S51 3
D19S433 1 2 NGS [TATC],o
D125391 3 [TATC],,
< Repeat Region NGS Recognltlon Region 4 bp Deletion CE Primer Binding Site>

ATCTATCTTTCTGTC TTTTTGGGCTGCCTATGGCTCAA
ATCTATCTTTCTGTCTEZICTTTTTGGGCTGCCTATGGCTCAA

Flanking region InDel: Bioinformatic pipelines may reduce the region used for
genotyping, resulting in deletions not being “counted” as they would via CE
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Additional Alleles Obtained by Sequencing

Additional Alleles by Sequence

CSF1PO Simple Repeats
7 [AGAT]7 AGAT AGAT AGAT AGAT AGAT AGAT AGAT
8 [AGAT]8 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT 01051248]

9 [

AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT

12 [AGAT]12

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 b2251045

8 alleles by length > 10 alleles by sequence T
Notas v me oo [BEB] w0 w2 ne nwe -

THO1 THO1
TPOX TPOX
D75820 D75820
D165539 D165539
0135317 D13s317
csr1po cspo
D55818 D55818
D1051248 D1051248
PentaD PentaD
Pentak Pentak
018551 D18s51 W Length
e E W Sequence
YWA = LENGTH
Dasaat Compound/Complex Compound/Complex
D851179
02251045 Repeats Repeats
0251338 $28
D195433
D151656
FGA
D125391
o181t
Number of Alleles N=183 Number of Alleles N=183
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3« Lower value is better
(more discriminating)

151656

125391

Probability of Identity

251338

Sum of each genotype frequency”? at each locus

21511

_ 2": xi2 WA
i
851179

Probability that two unrelated individuals

D25441
selected at random
will have the same genotype at a locus 351358
0% 2% 4% 6% 8% -8% -6% -4% 2%
Global Probability of Identity Decrease in Pl by Population
N=1 83 MGlobalPlsequence M GlobalPllength WH EC WAA
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Heterozygosity

# heterozygotes observed
# of loci tested

Indicates genetic variability at a locus
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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

nd allele
plementation

Infrastructure such a
frequency databases

oasos [ —r Higher value is better =
] (more variability)
ouses: | — —
D251338 35 -
75% 80% 85% 90% 95% 0% 5% 10% 15% 20%
N=183 Average Observed HET Increase in Observed HET by Population
B HET sequence MIHET length HEC mA
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Options for representing sequence data, and possible applications:

1. Complete Sequence String entire string of generated sequence

AACATTTAATTACCAATATTTGGTGCAATTCTGTC

2. Bracketed sequence

repeat length

3. Unique Identifier
polymorphism

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

TGACTATGGAGTTATTTTAAGGTTAATATATAT, GGGTATGATAGAACACTTGTCATAGTTTAGAACGAACTAAC
& Gh GATEGACAGATTGATAGTTTTTTTTTATCTCACTAAATAGTCTATAGTA
- repetitive elements enclosed in brackets and a numeric representation of the

[AATG]; A-TG [AATG], = THO1 9.3 allele

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

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

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

Sequence Data Storage

Sequence
Strings

FASTQ files

All files from
sequencer
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