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Overview

* Goal — Use next generation sequencing (NGS) to detect
challenging mixtures

* Methods — Produce data sets on the MiSeq FGx® testing
sensitivity, concordance, and mixture detection using
ForenSeg™ DNA Signhature Prep



Background

e Detection and deconvolution of mixtures is an ongoing focus
of research and training in forensic laboratories
* Mixtures represent a crucial portion of casework
e Sexual assault kits
* Touch DNA samples
* Property crime

* Many NGS chemistries commercially available
* Potential benefits over capillary electrophoresis (CE)



NGS and Mixtures
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NGS has many potential advantages

e Enhanced sensitivity
e Detection of sequence based Isoalleles
e More markers

mmm Disadvantage

e No probabilistic genotyping software available




Binary Mixture Deconvolution

Operations -~
Locus D452408 (2) nfa Hagrest 1o
ot
2800_b nfa
Alleles 8 O, 9 Z1
RFUs 496, 746
BPs 46,50
it gBUO 92
Apply 100 2% 2800 a 496 Fl_ M6 |
Globally =
Apply Stutter

0
Mixture Information
All combinations have: PHr >= 0.5, MPh >= 50, mP >=0

For a 2-contributor 2-allele mixture of types AA & AB: 2/2-combination(s):
O, 9 Zl(phr ( I - i ).04) [24 1]
O, 9 Zl(ph 1 - I 20) [4 1]
For a 2-contributor 2-allele mixture of types AA & BB: 1/1-combination(s):
’I(p = 0.60) - J | [1.5:1]
For a 2-contributor 2-allele mixture of types AB & AB: 1/1-combination(s):
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Experimental Design
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Input DNA

AT- 10 Reads vs. 100 RFUs



Concordance: ForenSeg™

Sample D3 VWA D16 CSFIPO TPOX Amel D8 D21 DI8 DYS D254 D19 THO1 FGA D22 DS D13 D7 D10 D1 D12 D2S13
Bucecal 1 16,18 16,18 10,11 11,12 88 XX 11,13 2930 12,16 14,14 13,14 21,26 15,17 1 12,13 8,12 13,14 12,153 17,19 17,19
Buccal 2 1517 17,19 11,12 12,12 88 XY 13,15 322332 17,18 10 10,11 14,15 99 2323 16,16 11,12 111 111 14,15 15,15 18,19 19.20
Buccal 3 16,17 15,17 10,14 12,12 8,11 XX 12,13 30,30 13,16 10,11 13,14 67 2223 14,15 1,11 810 12,12 13,13 13,14 1825 18,20
Buccal 4 1418 16,17 12,12 10,13 88 XY 11,12 27312 14,15 11 10,10 13,15 693 19.24 11,16 12,12 10,11 9,11 14,15 17.3,18.3 1718 2325
Buccal 5 14,18 17,19 11,13 10,12 9,11 XX 13,15 3031.2 15,16 10,11 12,13 68 2229 15,15 11,12 88 11,13 12,14 17.3,17.3 2021 2024
Buccal 6 16,18 17,19 9,12 79 8,11 XX 12,12 28,28 14,15 10,14 13,14 79.3 2223 15,16 12,13 11,14 11,12 11,17 13,13 18,21 17,18
Buccal 7 17,19 15,16 11,12 10,11 8,11 XX 11,13 27,30 12,14 11,14 132,14 89.3 2022 15,15 11,12 9,11 10,11 15,16 16,16 2022 17,24
Buccal 8 15,15 16,18 9,11 10,10 8,10 XY 11,13 2835 16,20 11 10,14 14,152 69 2023 16,16 12,12 11,13 111 11,14 12,14 18,19 1922
Bone 1 16,16 18,18 12,13 10,11 88 XX 13,14 2931 15,17 10,15 13,15 68 2225 15,15 1,11 8,12 10,11 15,18 12,17 17.3,18 20,20
Bone 2 15,17 16,16 12,14 10,12 812 XY 12,13 2929 15,15 12 10,14 12,14 89 223 15,15 11,12 811 9,10 14,15 11,16 21,Q 19.20
Bone 3 16,17 17,18 11,13 10,12 89 XX 12,14 28312 13,16 14,15 14,15 78 2025 15,16 12,13 810 8,12 13,13 13173 16,16 17,20
Bone 4 16,17 17,18 11,13 10,12 89 XX 12,14 28312 13,16 14,15 14,15 7.8 2025 15,16 12,13 810 8,12 13,13 13173 16,16 17,20
Muscle 1 15,17 16,18 11,13 11,12 88 XY 12,13 312312 12,18 11 10,14 14,14 99.3 2024 15,16 11,12 10,12 811 14,15 12,13 1521 2325
Muscle 2 15,15 14,16 10,11 11,12 811 XY 13,13 29322 14,16 11 10,14 12,15 79.3 19.20 16,16 12,12 9,14 8,12 14,15 15,16 21,24 17,20
Muscle 3 16,17 16,20 12,13 10,12 88 XY 13,14 30332 12,16 11 113,14 11,15 99 21,22 15,16 99 12,14 11,11 16,16 11,15 18,19 17,18
Muscle 4 16,18 18,18 11,11 11,12 88 XX 12,13 32332 14,19 10,14 13,16 993 2025 15.16 12,12 12,14 811 14,16 1417.3 19.321 19,23
Blood 1 15,16 14,16 11,12 11,12 88 XX 13,14 27,29 12,18 14,14 13,14 79.3 1921 15,15 11,13 11,12 9,11 14,14 163,17.3 18,20 2224
Blood 2 14,14 16,16 1,11 10,10 811 XY 13,15 3032 12,16 10 10,14 12,13 693 2227 1516 9,13 8,12 10,11 13,14 12,12 21,23 2022
Blood 3 18,18 15,15 9,11 11,12 9.11 XY 13,14 28312 13,19 10 10,11 15,16 79.3 1921 15,16 11,12 11,13 111 14,15 13,15 15,183 17,20
Hair 1 15,17 17,18 11,14 10,11 9,11 XY 10,13 27,29 15,18 10 111 13,13 66 1924 12,15 11,12 9,12 111 13,17 13,163 17,19 2023
Hair 2 14,14 16,16 1,11 10,10 8,11 XY 13,15 30,32 12,16 10 10,14 12,13 69.3 2227 15,16 9,13 812 10,11 13,14 12,12 21,23 2022
15,16 14,16 11,12 11,12 88 XX 13,14 27,29 12,18 14,14 13,14 79.3 1921 15,15 11,13 11,12 9,11 14,14 163,17.3 18,20 2224

Hair 3

* All samples concordant

* Green: matching
genotype

* Yellow: additional
recovery in NGS results

» Bone samples

 Red: additional recover
in CE results
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PHR: 86.6%%9.3%
Allele specific stutter

m GlobalFiler

DNA Sig Prep
PHR: 79.1%%16.1%
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Loci specific stutter: 7.5%-33%



TATCTATCTATCTATATGTCTGTCTGTCTGT
TATCTATCTATCTGTETGTCTGTCTGTCTGT
TATCTATRTGTCTG L TGTCTGTCTGTCTGTCTATG

Intensity (¥ of Reads)

Sequenced Based Allele Calls

CTATATCTATCTATCTAT CATcTATd TATC CATATCTATCTATC
CTATATCTATCTATCAT CTAFCTAT¢CATAT CTATCTATCTATC

ATCIATCTATCTATCAT CTArCTATRCATAT CAATCTATCTATC

ATCTA
ATCTA
ATCTA

TGT
TGTC

D21511

400
3 Person Mixture
300

200

100

29 30 322 332
Allele
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Alleles Recovered

2 Person Mixtures

45 Random Match Probability
N | nes | wescoois |
NGS CODIS CE
35
3.52E+12  1.82E+09  6.9125E+6
30
2.83E+18 1.25E+10 1.4632E+11
25
- 3.32E+18  8.94E+12  8.8174E+7
. 1.33E+410  1.40E+07  7.206E+5
10 1.11E+10  6.31E+07  2.8934E+9
5 3.27E+08  3.95E+05  7.206E+5
0 NGS: 38 unique minor alleles

1:1 2:1 5:1 0.1 20:1 401 CE: 27 unique minor alleles
Mixture Ratio

NGS 1-—-NGS2—-—NGS3 + CE1-~CE2-~CE3 12



Allele Masking f :

D1781301

Major: 11 SA’ 11 SA ....................................................................................................................................
Minor: 10 XI, 12HH

D17 Stutter Threshold:
20%

9 SA.SV 10 SA.XI
10 86

 Masking started at 5:1 ratio, N-1 position
* Allele masking in stutter position more prevalent in NGS chemistry

* Inherently higher stutter observed in NGS compared to CE
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7 donor alleles
* 3 jsoalleles

Peak Names= ##.XX.YY
e ] ST - e ## iS peak Iength
. I N XX is peak sequence
;éOD_Wo ﬂlzx &CM &OD ‘;g QX.KL‘ gMR &0}( ‘égHIBK ;gQX.YO &BR &HI }gHI.JF YY iS stutter Sequence
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Donor 1: 117X, 13MR
Donor 2: 13MR, 15BR
Donor 3: 120D, 12CM
Donor 4: 13QX, 15HI

5 14

17 13
1899 4156




3-4 Person Mixtures

Femalel Malel

Female2 Male1l Female 1
Male 2 Male 1 Female 1

* NGS = additional unique alleles

Male 2 Female3 Femalel

* 2 person: 3 additional alleles

i e Male 2 Female3 Female 4

Female5 Female3 Female4

* 3 person: 7 — 12 additional alleles

.. JN e Male 2 Female2 Malel Female 1
° 4 person: 13 - 18 addltlonal a”eles JNgie s Female3  Female2  Malel Female 1

Rl | Female3  Female4 Malel Female 1

R Female3  Female4  Female 5 Female 1

R e) | Female3  Female4  Female 5 Male 3

15



4 Person I\/leture 5
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120

* 3 Female: 1 Male in -
ratio of 8:4:2:1 1°°}

* Male is minor

contributor 1/15 of I

total input T

* 16 of 24 Y-STRs I
sequenced 40 g |

S
00
S

Number of Read




Conclusions

Advantages Disadvantages

* More Autosomal STRs  Elevated stutter (thresholds)

* Includes Y-STRs and X-STRs ¢ Peak height ratio variability

* Allele sequence (lsoallele) * No probabilistic genotyping
* Better match statistic systems

* Less allele stacking
* Less allele masking

Recommendation 1: Implement probabilistic genotyping

Recommendation 2: Simplified assay design (ForenSeq™ I\/IainstAl\\7()
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