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Current STR typing in forensic genetics

. Limited a total of number and allelic size of STRs
according to available fluorescence dyes

I H
e e e Can not identify sequence variation in STRs
E - R due to size based separation

Short tandem repeat analysis
using capillary electrophoresis

Digital genotyping of mixed samples is hard
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Application of next generation sequencing
to forensic STR typing

Next generation sequencing
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A TCTATCTGTCTGTCTGTCTATCTATCTA. .. 16 allele
B oo TCTATCTGTCTGTCTATCTATCTATCTA. ... 16 allele (G>A)

<CE method>

Previous studies for STR analysis using NGS

Sample Ampli
Publication Platform Target loci mpficon
. . generation
Single Mixture
Fordyce et al. (2011) Roche 454 GS FLX 5STRs O Custom Singleplex PCR
Van Neste et al. (2011) Roche 454 GS FLX 9 STRs @) @) Commercial Kit
Bornman et al. (2012]) llumina GAIlx 13 STRs + Amelogenin Custom designed
) 09 © o long range PCR
Warshauerm et al. (2013) lllumina GAllx and MiSeq 22 STRs + 22 Y-STRs O Commercial Kits
) ) 15 STRs + Amelogenin .
Van Neste et al. (2013) lllumina MiSeq (developing) O O Custom multiplex PCR
Dalsgaard et al. (2013) Roche GS Junior 4 STRs O Commercial Kit
Rockenbauer et al. (2014) Roche GS Junior 1STR @) Custom Singleplex PCR

==) Need for customized multiplex PCR system generating small amplicons
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Criteria and resources for primer design

¢ Criteria
— Small amplicon size were adapted while primer is not
overlapping with repeat region of STR
— Size of the samllest amplicon of STR is greater than 70 bp
— Avoid more than 1% mutation in primer binding area

% Resources
— STRBase (http://www.cstl.nist.gov/ div831/strbase/)
— GenBank (www.ncbi.nlm.nih.gov/genbank/)
— Primer 3 v.0.4.0 (http://frodo.wi.mit.edu/primer3/)

18 markers of a new multiplex PCR system
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Test new multiplex PCR system on CE
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Amplicon size

Library preparation and

massive sequencing on MiSeq system

Step 1. Step 2.
PCR amplification Validate Amplicon
Template DNA + Fluorometer

; 2800M, 9947A
11, 1:3, 1.6, 1:9 mixture

(Male:Female)

; Quant-iT™ PicoGreen

dsDNA assays (Invitrogen)

« Agilent BioAnalyzer

Step 3.
Library preparation

« TruSeq Nano DNA LT

Sample preparation Kit

* Adjustment of beads ratio

for size selection

Step 4.
Validate Library

Fluorometer
; Quant-iT™ PicoGreen

dsDNA assays (Invitrogen)

Agilent BioAnalyzer

Library Quantification

Sequencing
« Cluster generation and

sequencing on MiSeq
;2 x 250 bp (Paired-end)
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STR genotyping in single source

2800M 9947A

STRs CE NGS CE NGS
D251338 22,25 22,25 19,23 19,23
D3S1358 17,18 17,18 14,15 14,15
D5S818 12 12 1 1
D75820 8, 11 8,11 10,11 10, 11
D8S1179 14,15 14,15 13 13
DI3S317 9,11 9,11 1 1
D16S539 9,13 9,13 11,12 11,12
DI8S51 16,18 16,18 15,19 15,19
D195433 13,14 13, 14 14,15 14,15
D21S11 29,312 29,312 30 30
CSF1PO 12 12 10,12 10,12
FGA 20,23 20,23 23,24 23,24
Penta D 12,13 12,13 12 12
PentaE 7,14 7,14 12,13 12,13
THOI 6,93 6,93 8,9.3 8,9.3
TPOX 11 1 8 8
VWA 16,19 16,19 17,18 17,18

STRait Razor program (Warshauer et al.)

Sequence variations in target STR regions

D8S1179
Samples Alleles Sequences
Reference TTTTTGTATTTCATGTGTACATTCGTATCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATC
(hg19) 13 TTCCCCACAGTGAAAATAATCTAC
14 TTTTTGTATTTCATGTGTACATTCGTATCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
TTCCCCACAGTGAAAATAATCTAC
2800M TTTTTGTATTTCATGTGTACATTCGTATCTATCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATC TATCTATCTATCT
15 A
TTCCCCACAGTGAAAATAATCTAC
TTTTTGTATTTCATGTGTACATTCGTATCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
13 TTCCCCACAGTGAAAATAATCTAC
47A
9947 13 TTTTTGTATTTCATGTGTACATTCGTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTA
TTCCCCACAGTGAAAATAATCTAC
STR loci Sequence variation (SNPs)
D8S1179 G>A (r513265375), A>G (rs111782616)
D3S1358 A>G (1s77577482), A>G (rs71325067)
D21S11 G>A (r513049099), A>G (rs13050496), Un-identified SNP
vWA G>A (1s78332633), G>A (rs216871)
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Read count from NGS data on MiSeq

Sample Total reads
1:1 mixture 1,490,212
1:3 mixture 1,252,182
1:6 mixture 1,403,656
1:9 mixture 1,358,935

140349 WEVIKEY 87176 96940 143802 43551 130453 118149 126021 07150 29710 73022 115278 “ 72544 92484 78733 131973

8 . 73289 95908 117406 33534 103193 ‘ 107621 82093 121024 Y 62812 73447 69198 50711

153021 ‘ 76006 118493 " 57412 “l "l l 36776 mzsua 127721 66718 83440 72900 47542

125378 138452 79547 97014 113177 45591 156578, 146189 92504 | 175845 35914 98670 114762 100390 64346 64296 80091 43118

D2S1338 D3S1358 D5S818 D7S820 D8S1179 DI13S317 D16S539 DI18S51 D19S433 D21S11 CSFIPO  FGA  Penta_D Penta E  THO1 TPOX VWA Amelo

STR genotyping in mixed samples

Mixture sample

STRs

1:1 1:3 1:6 1:9
D2S1338 19,22,23,25 19,22,23,25 19,22,23,25 19,22,23,25
D3S1358 14,15,17,18 14,15,17,18 14,15,17,18 14,15,17,18
D5S818 11,12 11,12 11,12 11,12
D7S820 8,10, 11 8,10, 11 8,10, 11 8,10, 11
D8S1179 13,14,15 (12),13, 14,15 (12),13, 14,15 (12),13, 14,15
D13S317 9,11 9,11 9,11 9,11
D16S539 9,11,12,13 9,11,12,13 9,11,12,13 9,(10), 11,12,13
DI18S51 15,16, 18,19 15,16, 18,19 15, (16), 18,19 (14), 15,16, 18,19
D195433 13,14,15 13,14,15 13,14,15 13,14,15
D21S11 29,30,31.2 29,30,31.2 29,30,31.2 29,30,31.2
CSFIPO 10,12 10,12 10,12 10,12
FGA 20,23,24 20,23,24 20,23,24 20,23,24
Penta_D 12,13 12,13 12,13 12,13
Penta E 7,12,13, 14 7,12,13,14 7,12,13,14 7,12,13,14
THO1 6,8,9.3 6,8,9.3 6,8,9.3 6,8,9.3
TPOX 8,11 8,11 8,11 8,11
vWA 16,17,18,19 16,17,18,19 16,17,18,19 16,17,18,19

Blue color in parentheses - true allele less than coverage value of 10%
Red color in parentheses - stutter of true allele with coverage value between 5% and 10%

STRait Razor program (Warshauer et al.)

2014-05-21



2014-05-21

Evaluation of mixture ratio

Example) D3S1358

(Ratio) 1:1 mixture

1:3 mixture
25
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10 Tan
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1:9 mixture
1:6 mixture
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Il Theoretical peak ratio
* Not correlated exactly with actual mixture ratio B CE based peak height ratio
Il NGS coverage ratio

v'We constructed a singe tube new multiplex PCR system
that is optimized for NGS analysis of forensic STR

markers.

v'Most STR alleles could be determined successfully in

single-source DNA and even with mixed samples.

v’ Sequence variations could also be detected in targeted

STR region.




Further study

» Fine adjustment of multiplex PCR system

for read count balancing

» More tests on various mixed samples

» Application to degraded DNA samples
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