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Why do STR sequencing?

Example:

Among 120 Danes, 48 individuals (20.16 %) had allele 14 in the locus D8S1179:

Capillary elec-

trophoresis (CE) Sequence Frequency in 120 Danes

D851179[14] - TCTA[14] 2.5% (6 individuals)
TCTA[1]TCTG[1]TCTA[12] 11.8 % (28 individuals)
TCTA[1]TCTG[1]TGTA[1]TCTA[11] 1.7 % (4 individuals)
TCTA[2]TCTG[1]TCTA[11] 4.2 % (10 individuals)

20.2 % (48 individuals)

One CE allele can correspond to several sequence alleles
- higher diversity = higher possible discrimination power
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Why do STR sequencing?

Higher discrimination power can be valuable in cases of
Mixtures: Separate DNA from two individuals, if possible

Partly degraded samples: Need to get as much
information as possible from the few markers that can be

typed

Complex relationship cases: Need to find genetic
differences among closely related individuals
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Sequencing method: The Illumina® ForenSeq™ workflow

TM H H ; rrrrr d primer 5
1) ForenSeg™ library build A ——

* 58 STRs (27 autosomal, 24 Y-STRs, 7 | ey ey esm e VRN
X-STRs) |

« 94 identity-informative SNPs, 5 , _____

| . LRSS

« 56 ancestry-informative SNPs, 5 3

« 24 phenotypic-informative SNPs - Reverse prime;

«  Amelogenin Source: www.wikipedia.org

2) Sequencing on the MiSeq FGx
instrument

Source: www.illumina.com
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3) Data analysis in ForenSeq™ Universal Lo ldjo
Analysis Software (FUAS) 1) I
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Analysis of DNA sequences

Data analysis using FUAS

Reproducibility

CE-MPS concordance

Sensitivity / low template samples
DNA mixtures

Data analysis using STRinNGS v.1.0

Locus balance
Allele balances
SNPs in STR flanking regions
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %
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Marker Duplicate 1 Duplicate 2 Sex
genotype genotype
11, 13 11, 12, 13 -
D9S1122 11,12, 14 12, 13, 14 -
11, 13 11, 12, 13 -
11, 13 11,12, 13 -
D1751301 11, 13 11, 12, 13 -
14, 16 14, 15, 16 -
D205482 14, 16 14, 15, 16 -
13, 15 13, 14, 15 -
29, 32 29, 31, 32 -
21511 32, 32.2 31, 32, 32.2 -
12, 13 10, 13 M
DY5392 14 13, 14 M
DXS10135 25, 34 25, 33, 34 F
17, 17 17, 19 F
16, 16 17, 17 F
DXS10103 15, 15 15, 20 F
18, 19 - F
19, 20 - F
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Duplicate 1 Duplicate 2

Marker Sex
genotype genotype
11, 13 11,12, 13 -
D9S1122 11, 12, 14 12, 13, 14 - Called stutter
11, 13 11,12, 13 -
11, 13 11,12, 13 -
D17S1301 11, 13 11,12, 13 i Called stutter
14, 16 14, 15, 16 -
D20S482 14, 16 14, 15, 16 - Called stutter
13, 15 13, 14, 15 -
29, 32 29, 31, 32 -
! re Called stutter
21511 32, 32.2 31, 32, 32.2 -
12, 13 10, 13 M
! ! Called stutter
DYS392 14 13, 14 M
DXS10135 25, 34 25, 33, 34 F Called stutter
17, 17 17, 19 F
16, 16 17, 17 F
DXS10103 15, 15 15, 20 F Xe
18, 19 - F i
’ Locus drop-outs
19, 20 - F P O
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Duplicate 1 Duplicate 2

Marker Sex
genotype genotype
11, 13 11,12, 13 -
D9S1122 11, 12, 14 12, 13, 14 - Called stutter
11, 13 11,12, 13 -
11, 13 11,12, 13 -
D17S1301 11, 13 11,12, 13 i Called stutter
14, 16 14, 15, 16 -
D20S482 14, 16 14, 15, 16 - Called stutter
13, 15 13, 14, 15 -
29, 32 29, 31, 32 -
! re Called stutter
21511 32, 32.2 31, 32, 32.2 -
12, 13 10, 13 M
! ! Called stutter
DYS392 14 13, 14 M
DXS10135 25, 34 25, 33, 34 F Called stutter
17, 17 17, 19 F
16, 16 17, 17 F
DXS10103 15, 15 15, 20 F Xe
18, 19 - F
’ Locus drop-outs
19, 20 - F P O
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Marker Duplicate 1 Duplicate 2 Sex
genotype genotype
350 11 350
300 12 300
%"ESD 11 %'EED
E‘ISD 11 ;%“15[)
_122 14 51:
. 14]
] ’ ‘“T'E:"* ) 13 b AT|e2|e b
29, 32 29,73T, -
b21511 \32, 32.2 31, 32,;/_
DYS392 12,13 10, 13~ i Called stutter and
14 13, 14 M allele drop-in
DXS10135 25, 34 25, 33, 34 F
17, 17 17, 19 F
16, 16 17, 17 F
DXS10103 15, 15 15, 20 F
18, 19 - F
19, 20 - F
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Duplicate 1 Duplicate 2

Marker Sex
genotype genotype
11, 13 11,12, 13 -
D9S1122 11,12, 14 12,13, 14 -
11, 13 11,12, 13 -
T
© 11 -
s 14 gau
14| i
29 =
5 31
17 . 19 10 ’ 17 14
_\ \ 3134 13|,ﬁ s
DXS10135°\_\ 25, 34 25,33,/ ~ F
17, 17 L}7, 194 F Allele drop-out
6, 16 7, 17 F (low coverage)
DXS10103 15, 15 15, 20 F
18, 19 - F
19, 20 - F
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Marker Duplicate 1 Duplicate 2 Sex
genotype genotype
11, 13 11, 12, 13 -
D9S1122 11, 12, 14 12, 13, 14 -
11, 13 11, 12, 13 -
1113 1112 13 _
40 1i| 45
35 14
1
_12 e
0 . 1Q
Al ’ 13 N Alele :
DXS10. § 25, 34 25, 33,7 F
F
16, 16 17, 17 F Allele drop-outs
DXS10103 15, 15 15, 20 F (low coverage)
18, 19 - F
19, 20 - F
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Duplicate 1 Duplicate 2

Marker Sex
genotype genotype
11, 13 11, 12, 13 -
D9S1122 11,12, 14 12, 13, 14 -
11, 13 11, 12, 13 -
11, 13 11,12, 13 -
1751301 11,13 11,.12.13 -
120 14 70
100 14| =

&0

&0

40

Intensity (# of Reads)
Intensity (# of Reads)

20

0

20

Allele

17, 17
16, 16

DXS10103

Allele drop-outs
(low coverage)

M T M T M

19, 20 -
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Reproducibility of DNA sequencing of STRs

30 individuals (12 males, 18 females, 1,308 genotypes):
Concordant: 98.6 %, discordant: 1.4 %

Duplicate 1 Duplicate 2

Marker Sex
genotype genotype
11, 13 11,12, 13 -
D9S1122 11, 12, 14 12,13, 14 - Called stutter
11, 13 11,12, 13 -
11, 13 11,12, 13 -
D17S1301 1113 1112, 13 ) Called stutter
14, 16 14, 15, 16 -
D20S482 14, 16 14, 15, 16 - Called stutter
13, 15 13, 14, 15 -
29, 32 29, 31, 32 -
D21S11 32, 32.2 31, 32, 32.2 _ Called stutter
12, 13 10, 13 M Called stutter and
DYS392 14 13, 14 M allele drop-in
DXS10135 25, 34 25, 33, 34 F Called stutter
17, 17 17, 19 F
16, 16 17,17 F Locus and allele
DXS10103 15, 15 15, 20 F drop-outs (low
18, 19 - F coverage)
19, 20 - F
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CE-MPS concordance (15 autosomal markers)

30 individuals (12 males, 18 females, 450 genotypes):
Concordant: 99.1 %, discordant: 0.9 %

Marker CE genotype ForenSeq genotype
D2S1338 LDO 19, 25
FGA LDO 19, 20
29, 32 29, 31, 32
D21S11

32, 32.2 31, 32, 32.2
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CE-MPS concordance (15 autosomal markers)

30 individuals (12 males, 18 females, 450 genotypes):
Concordant: 99.1 %, discordant: 0.9 %

Marker CE genotype ForenSeq genotype

D2S1338 LDO 19, 25 Locus drop-out

FGA LDO 19, 20 Locus drop-out
29, 32 29, 31, 32

D21S11 Called stutters

32, 32.2 31, 32, 32.2
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Low template DNA samples

Called autosomal STR markers (n=4)

30
O # of typed markers 25
O # of markers with allele drop-out 20
. . 151
. # of markers with allele drop-in
10
5 /N
07 —— —— —— —e
7.8 15.6 31.3 62.5 125.0 250.0 500.0 1000.0
Amount of input DNA (pg)
10! Called X-STR markers (n=4) % Called Y-STR markers (n=2)
8l 25
20
6,
157
4_
10
2 \/\\/\ 5
e —
0 —— T 0
78 15.6 31.3 625 125.0 250.0 500.0 1000.0 7.8 15.6 31.3 625 125.0 250.0 500.0 1000.0
Amount of input DNA (pg) Amount of input DNA (pg)
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Low template DNA samples

30
# of typed markers
# of markers with allele drop-out

# of markers with allele drop-in

<
90 % of markers typed

50 % of markers typed 0
%

101

Called X-STR markers (n=4)

Called autosomal STR markers (n=4)

31.3 62.5 125.0

Amount of input DNA (pg)

250.0 500.0 1000.0

30

Called Y-STR markers (n=2)

e —

625 125.0
Amount of input DNA (pg)

250.0 500.0 1000.0

78

15.6 31.3 62.5 125.0

Amount of input DNA (pg)

250.0 500.0

1000.0
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DNA mixtures — STRs & SNPs - FUAS screenshot

I3 |Interpretation Threshold (& User Modified

cm Stutter €® Allele count @ |mbalanced - Low Coverage

STRs IDENTITY SNPs

@ Single Source Sample @ Single Source Sample
® Interlocus Balance 94/94 Loci Typed
58/59 Loci Typed
amelogenif D151655 || TPOX | D2s441 "Das1350 [N r=1490413| rs560681 | rs1204331 1510495407 rsa91700 |rst413212
Y o) se €D ve
15 16 17 24 || 15 17 A G
X Y | +1alele 8 8 2a||e|es +1 allele G A A G G A G G G G
rs1109037 | rs993934 rs907100 | rs1357617
L]0 (XY 0) LYY 0 Mol te *e
I
8 10 || 22 24 ||| . /- 9 10
+2 alleles || +2 alleles ||| /- = +1 allele C C G A T C A G G c T A
Drost248 B= 52399352 rs 1355366 | 56444724
«» XY 0 XY ) LY ] LY ] LX ]
14 16 0 \|17.3 20
N +2 alleles | . +1 allele +1 allele T G C C A G T T A T A T

\

"Imbalanced alleles” warning "Multiple alleles” warning
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DNA mixtures — autosomal STRs

Male:female mixture

Average # of “"Multiple

Average # of

ratio alleles” warnings “Imbalanced” warnings
1,000:1 1.5 0.5
100:1 3 3
50:1 8.5 3
25:1 9.5 4.5
12:1 16 9
6:1 19 19
3:1 19 20
1:1 20 17.5
1:3 19 21
1:6 17 19.5
1:12 14.5 13.5
1:25 10 5
1:50 4.5 2.5
1:100 1 1
1:1,000 1 2.5
30 single 0.5 22

contributor samples




DNA mixtures — autosomal STRs
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Male:female mixture | Average # of “"Multiple Average # of
ratio alleles” warnings “Imbalanced” warnings

1,000:1 1.5 0.5
-100:1 3 3

50:1 ! 8.5 3

25:1 9.5 4.5

12:1 16 9

6:1 19 19

3:1 Notable difference 19 20

1:1 to single contributor 20 17.5

1:3 samples 19 21

1:6 17 19.5
1:12 14.5 13.5
1:25 10 5

{150 4.5 2.5

1:100 1 1
1:1,000 1 2.5

30 single

contributor samples 0.5 2.2
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Calling STR alleles with STRinNGS v.1.0

In-house software for calling STR sequence alleles?

Predefined STR repeat structures and start and stop positions of
flanking regions

Pipeline:
1) Identifies STR flanking regions
2) Counts STR repeat numbers and identifies SNPs in flanks

3) Provides detailed information for each unique sequence, e.q.
locus coverage, allele coverage, and full STR and flanking
sequences

1Friis SL et al.: Introduction of the Python script STRIinNGS for analysis of STR regions in
FASTQ or BAM files and expansion of the Danish STR sequence database to 11 STRs.
Forensic Sci Int Genet. 2016; 21: 68-75.
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Calling STR alleles with STRIinNGS v.1.0

STRIiNNGS v.1.0 (in-house) - features not in FUAS:
« Analyses of STR flanking regions
« Automatic naming of SNP-STR alleles

« Simultaneous obtainment of allele and locus coverage
of all unique sequences from all samples in a run
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30 individuals (12 males, 18 females)

100

w
©)]
=
53
Z
m
o
O
*
Z
=M
~
@)
R
=3
o
Z
©)
H
O
m
w
1
&3
Z
S
Q
3
p
QO
@
Z
3
~
o
3
e
@)
H
Z
m
p
H
~
<
A~
m
(@]
1
Z
m
)
<
josi
Z
m
A
©)
©)
<3
@)
S
=
@
(a4
&3
=
Z
)

abelanon



! —— YHYLVOA
e - £F9SAQ
I —J7 — - 6£9SAd
—H T+ - ZI9SAQ
— T+ - 9J5SA0
—rr— - 045SAQ
—+{[ - 6¥5SAQ
—_ T+ - ££5SAQ
I — T - - TTSSAQ
e 1 - GOSSAQ
I — 1 - 18FSAQ
I —I— - 09¥SAd
— 1 - 8¥PSAQ
_|_H_H_| - 6EPSAQ
\_H_H__‘ - 8e¥SAQ
_|Du| - lEPSAQ
_ - ZBESAQ
- 1BESAQ
- 06ESAQ
- 1168€SAQ
- 168ESAQ
-qesgesAd
- 6lSAQ
‘1S2824A0
- gl¥dH
- 82£8SXd
- £Z¥LSXA
-ZeLlsxa
-GEL0LSXa
-£0L0LSXA
vz00Lsxa —I
-6¥015220
- qejusd
- Lsiza
- 28¥8020
- £EVS6La
- 15s81La
-LoglsZLa
- 6£GS9LA
- gejuad
- Z1EseLa
- 16£SZ1LA
. ©¥MA
— - ~ LOHL
— -8pzLS0Ld
L - ZZHIS6d
— {1 - 611880
I —{— - 028520
—m— - £401LS90
1 - 0dL48D
1 —— - 81885d
—— - vyod
—] 11— - 80vZsya
—— I - 86E1SEQ
- 8££182d

—E—
—a— - 1rbsza
— T+

- XOdl

. —T - 9691810

ocus

EAutosomal STREX-STR=Y-STR

{A verage marker coverage: 4,173 X}

Coverage - numbers of relevant DNA sequences

30 individuals (12 males, 18 females)
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Coverage - numbers of relevant DNA sequences

30 individuals (12 males, 18 females)

EAutosomal STREX-STR=Y-STR
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Allele balances (longest allele / shortest allele)

30 individuals (12 males, 18 females)
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Increasing amplicon length
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Allele balances (longest allele / shortest allele)
30 individuals (12 males, 18 females)

4.00

& Autosomal STR®=X-STR

1:3 allele ratio (current CE discard threshold)

_________u.______________

Ea——

Allelic balance

1:2 aIIeIe ratio

TPOX
D452408 -

CSF1PO -

D851179 -

THO1
D951122 -

D5S818 -
D1731301-

D20S482 -

DXS7132 -
D10S1248

D2S1338 -

~ O = 9 © _ 0 ® o

> 83IB3YB3 s

27 I D T A C I

w2z P2 o n 2 ununy g

o 0o a o )
Locus

Increasing amplicon length

D19S433 -
DXS10074-

DXS7423 -

HPRTB -
D22S1045

D21811 -
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D125391 -

‘V'

DXS8378 -
DXS10135
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Allele balances (longest allele / shortest allele)
30 individuals (12 males, 18 females)
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Conclusion

The ForenSeg™ kit gave good results in sequencing 58
STRs simultaneously

Lack of reproducibility was mainly due to calling of stutters
as a true, third allele and low coverage in DXS10103

Few discordances to CE genotyping was observed (CE locus
drop-out, stutters called as true alleles by ForenSeq™)

Above 90 % of markers were called at =250 pg input DNA,
and above 50 % at =262.5 pg

The FUA software could effectively mark mixtures as
imbalanced and/or containing more than two alleles in
mixtures ranging from 1:1 to 1:25/1:50 ratios of DNA
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Conclusion

STRIiNNGS v.1.0 proved to be efficient in analysing STRs

Acceptable locus and allele coverages were obtained
except for the locus coverage of DXS10103, DYS460,
and DYS522 (below 200 X)

A total 26 SNPs were observed in the flanking regions of
19 different STRs.
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