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Forensic STR Sequence Diversity

Forensic STR Sequence Diversity
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Sequence-Based Heterozygote or Isoallele: A locus that appears
homozygous in length-based measurements (such as CE), but is
heterozygous by sequence

Forensic STR Sequence Diversity PowerSeq Auto System
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Recognition Site-Based

Informatics for STRs Forensic STR Sequence Diversity

CE (length-based genotype) concordance check results
woroen— g oo

Computer Returns:

The length between the recognition sequences = 36 bp
Reference table in software returns a “9” allele

24 loci x 183 samples = 4392 loci evaluated

» 99% concordance with CE data
The sequence between the recognition sites
noawwmeaes PCR Primers ! http://battelleexactid.org/ Why were some discordances observed between the
2STRait Razor: a length-based forensic STR . .
allele-calling tool for use with second generation CE and NGS measurements...informatics
.-- STR Repeat Region ing data. et al., Forensic Sci

Int Genet. 2013 (7):409-17
3 STRait Razor v2.0: the improved STR Allele
B Recognition site (~10 nt) Tool-R etal.

Forensic Sci Int Genet. 2015 (14):182-6
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Forensic STR Sequence Diversity

Obs 5/183 D138317

o]

Sequence [TATC],, ,[TATC],

Region 4 bp Deletion CE Primer Binding Site>
CTATCTATCTTTCTGTC-——-TTTTTGGGCTGCCTATGGCTCAA
TATC CTATCTATCTTTCTGTCTETETTTTTGGGCTGCCTATGGCTCA,

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

Obs 15/183 Penta D

Sequence [AAAGA]s

13 bp deletion in
[<~CE Primer Binding Site Recognition Region
[TAGGTTACAGAGCAAGACACCATCTCAAG- AAAGA
[TAGGTGACAGAGCAAGACACCATCTCAAGA

Bioinformatic Null Allele: A true allele that is present within the raw sequence
data but is not detected by the bioinformatic pipeline

Forensic STR Sequence Diversity

Obs 1/183 D75820

[o3] [l

NGS  [GATA],
Sequence  [GATA],,

REPEAT REGION RECOGNITION SITE 1 bp DELETION
GTTTTTTTT-ATCTCACTAAATAGTCTATAG]
GTTTTTTTTTATCTCACTAAATAGTCTATAG]

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

Forensic STR Sequence Diversity

Obs 3/183 ‘ 10193433
-

NGS
Sequence [AAGG],3

2 bp deletion in
REPEAT REGION RECOGNITION REGION
-AAAGAGAGAAGATTTTTATTCGGGT
AAAGAGAGAAGATTTTTATTCGGGT

Bioinformatic Null Allele: A true allele that is present within the raw sequence
data but is not detected by the bioinformatic pipeline

Comments

Forensic STR Sequence Diversity

This is not a criticism of the informatics tools/methods

- After discovery the listed discordance issues are easily addressed

No issues with sequencing the amplicons

How do we want to capture the STR allele?

- Defined by recognition sites adjacent to the flanking region?

- Defined by PCR primers? o
These are all to maintain

+ Some set of core recognition sites?  back compatibility with
existing technology (CE)

Alleles Obtained by Length

THOY
TPOX  —
D75820 —
0165530 m—
0135317
> (1P —
D5S815  —
01051245 —
Pental —
Pental ———
DISS5] —
0351358  mm—
VWA — = LENGTH
025441 —
DES1170  —
02251045  —

0251330 —r e.9. (GATA)(GATA)(GACA)
0195033 —
st s €9 (BATA)(GACA)(CA)(CATA)

e.g. (GATA)(GATA)(GATA)

FGA  —
D125391 |—
21511

0 10 20 30 a0 s0 60

Number of Alleles N=183
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Alleles Obtained by Sequence
Additional Alleles by Sequence T
D7s820
D165539
CSE1PO D135317 . -

CSF1PO A2 | ¢
7 [AGAT]7 AGAT AGAT AGAT AGAT AGAT AGAT AGAT Dss:ua S'mple Repeats
8 [AGAT]8 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT D1051248
9

[AGAT]9 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT Pentad

1 AGATII0 SAT ARA GA GAT AGA GAT Pentak
10 [AGGT][AGAT]9 AGAT AGAT AGAT AGAT AGAT AGAT Dg;i:; miength
11 Wik sequence
L = preesn Compound/Complex
12 [AGAT]12 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT D8S1179 RE Eats
13 [AGAT]13 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT D2251045 p
14 [AGATI4 AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT| 0251338 228
D195433
D151656
FGA
125391
8 alleles by length - 10 alleles by sequence oassty
Number of Alleles
N=183 N=183

Manuscript submitted to FSIG Flanking Region Variation

Title:
Seq variation of 22 STR loci detected by next
P 10 [TCTAND
Authors and A ffiliatic 10| [TCTASITCTOITCTA]
Katherine Butler Gett| 11| [TCTAJI ano’, Christine H.

" i ol 11 [TCTAB[{TCTGYTCT i i
PakerBom A Yoy B Moving out past the repeat regions...
s L i 1.3 JBTCAJ[TCTAJE

U.S. National Institu 113 | [TCTAM[TCAJITCTALT

Das :i [TCTAIO[TCTG]TCTA]
123 TCAJ[TCTAJS
A( 13| [TCTAO[TTTAJTCTAL 1S

13 [[rcr
s
143
15 [TTTAJTCTA]L

+ Repeat region sequences

Recognition Site-Based
Informatics for STRs

Forensic STR Sequence Diversity

Additional Alleles Obtained by Sequencing

THO1

TPoX
075820
06539
0135317 -
wiro Simple Repeats
Moving recognition sites out will capture information within the flanking regions Pisesss
PentaD
Pentak

018551

miength
0351358

mSequence

Compound/Complex

oo PCR Primers poretoes Repeats
D251338
0195433

.-- STR Repeat Region 0151656

FGA

0851179

0125391

B  Recognition site (~10 nt) oatsm

Number of Alleles N=183
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Additional Alleles Obtained by Sequence Including Flanks
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Forensic STR Flanking Region

Full ampllcon minus “recognition sites”

D7S820

Wl

A

Forensic STR Flanking Region

D7S820

10/12/2015

Forensic STR Flanking Region

D7S820

After custom STRait Razor, sequences aligned within each locus

Forensic STR Flanklng Region

D7S820

r}-'l
Bmmd

__5
QNN A TAG ATAGATA

Repeat Region

MM

A

Forensic STR Flanking Region

D7S820

100 chromosomes shown,
366 total sampled
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Forensic STR Flanking Region

Forensic STR Flanking Region

D7S820

Three flanking region SNPs identified

Forensic STR Flanking Region

D7S820

Distribution of rs16887642 by Population in 1000 Genomes Project
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Forensic STR Flanking Region
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Distribution of rs7789995 by Population in 1000 Genomes Project
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Forensic STR Flanking Region

D7S820

D7S820

Distribution of rs7786079 by Population in 1000 Genomes Project
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Forensic STR Flanking Region

Forensic STR Flanking Region

D1S1656

£
RIS [0 13

17 Allele: GTGATG[TAGA]16 [TAGG]

Forensic Science International: Genetics Supplement Series
16.3 Allele: ATGATG[TAGA]4 TGA [TAGA]1ll [TAGG]
l i journal homepage: www, aldevier comilocata/ FSIOSS
T F i 1 I
In this case the flanking region SNP (G->A) coincides with a .3 genotype

Does not provide additional information The next dimension in STR sequencing: Polymorphisms in flanking
§ regions and their allelic associations

M. Kiesler”, Peter M, Vallone®
Al ma

NIST Support for NGS Research

Forensic STR Sequence Diversity
FSI Genetics review article

Comments

- 22 autosomal forensic STR loci were sequenced for a
set of 183 samples (U.S. sample groups)

Coomtents lints wsilable m Soiercoliie

Forensic Science International: Genetics
- Sequence variation within the STR region and surrounding flanking A e S B S e
regions were characterized

. Loci with Compound and Complex repeat motifs STR allele sequence variation: Current knowledge and future issues

contained the majority of ‘additional’ information by

Katherine Butler Gettings™*, Rachel A. Aponte”, Peter M. Vallone”, john M. Butler’

e e e, roem,

NGS
. Sequencing repeat region offers significant gains for some loci — Updating observed STR sequence variations for
(complex/compound) 24 autosomal loci on STRBase

- Extending analysis to the flanking regions offers additional gains —
(simple repeats)

NIST Support for NGS Research NIST Support for NGS Research

Annotations

+ GRCh38 genome with STR repeat
region and flanking SNPs identified

IR ERRERERIN

« Afile for each locus can be downloaded
Excel Workbook

Sheet for each STR locus
Observed alleles, repeat structure,
platform

Broken out by sub-motif
References

Not frequency data

This can be updated as needed

. 4

.

o e s e
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NIST Support for NGS Research

s

SRM 2391c

Buluranas 387 | Chremotomes |Chrpmmpures Paities | Dirianes frgm 5TH rvpast | Ao slsimy | Winer Adwls | iner Ale Fropeaney | Miner Aloie Cowent 1 [ — -
W< hs, | Fermadnind | bessdmem | Beleddin e R —

8"

\q:; National Institute of Standards & Technology

Certificate of Analysis

Standard Reference Materal® 2391c

PCR-Mimsed DNA Profiling Szandaed

| = Sequence sequence of the core autosomal =
and Y STRs moatifs included

Cataloged SNPs

SNPs found in 1000 genome data
set within 500 bp of STRs

Useful for NGS primer design and ] .
bioinformatics https://www-s.nist.gov/srmors/view_cert.cfm?srm=2391C

Considerations for nomenclature,

storage, searching, and reporting

How do we communicate and categorize
this additional information?

- General thoughts
- Recent paper by Gelardi et al.

« ISFG nomenclature panel discussion

Adopting sequence-based genotype information

What are our concerns? NomenCIature

. Take advantage of the additional information provided + Important so that all labs ‘speak the same language’
by sequencing the STR allele (and flanking regions)

- The established nomenclature rules for the core STR loci can be expanded upon if needed

« Maintain back compatibility to existing databases . Designate sequenced alleles in an internationally accepted format
« Genotyping by length-based CE methods - How will bracket notation fit into our plans?

- Report and represent data in a consistent manner - Do we need to define amplicon boundaries?

. Application of sequence data - Core recognition sites (pros/cons)

- How will we designate sequence that flanks the STR repeat?

- Storage, searching, and reporting (SNPs, indels)

http://www.cstl.nist.gov/biotech/strbase/pub_pres/ISHI_NGS_Workshop 2015 Vallone.pdf 8
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D579 e Tperomne . .
SR = TR D8S1179 Example e ee— The A B designation for
T el & A D2S1338 would be
8 TCTA]8 [TeccysLTTCC) . .
+oreras ) ) ) o s problematic due to multiple
i occiarrieai ] .
0 [Tl Four ‘flavors’ of the motif are 1) alleles with the same motif
CTAJ11 TC 4]
e observed (so far...) 1 I
1B o Tempting to just call them LT
[T6CcCI3[TTeC]15
[ _oomne ] o teccierrea 17 [TGCCJA[TTCC]13
B s T A/B,C,D, etc o tectorreens
19 [TeCCI7[TTEC]12
13 CTAJL[TCTG]1[TCTAJ11 19 CeccierTeciy 17 [TGCC]S[TTCC]]_Z
14 [TCTA]14 (A) Do
o et
[ICTAIZ[TCTCIATCTATS-15 a_jmearmio 17 [TGCCJ6[TTCC]11
O 14 [TCTA]1 [TCTG]1 [TCTA]12 (B) 3 Decastreos
22 [TECC)7LTTCC)1S
13 CTA]2[TCTG]1[TCTA]10 22 [T6CCIBLTTCC]14
2 O
15 [TCTAIZ2[TCTGIL[TCTAI1Z 14 [TCTA]Z [TCTG]l[TCTA]ll (C) 2 S:Sg;g:z}:i
16 [TCTAJ2[TCTG]1[TCTA]13 26 :v:zg;r:{wz;;n T
17 [TCTAJ2[TCTG]1[TCTA]14 . . -B[TTCC]10-17 [STCCI [T
18 [TCTAJ2[TCTGIL[TCTALLS What ifiwhen a new motif and/or oAl 1. B
[TCTA]J2[TCTG]2[TCTA]11-15 H 3 H 21 [TGCC]S[TTCC]12[6TCC] [TTCCI2
o OCTAzmeTe 2 et SNP is detected ywthm one of the 4 Mooz
16 [TCTAJ2[TCTGJ2[TCTA]12 motifs? 2 [TGCCI7ETTCC]12F6TCCI Tt
17 [TCTAJ2[TCTG]2[TCTA]13 23 [T6CC]6[TTCC]14[6TCC] [TTCC]Z
19 [TCTAJ2[TCTG]2[TCTA]1S zi g:sg;gz}::gz;g:ﬂ];

Recent Paper Recent Paper

Table 1
Novel D3S1358, D125391 and D21511 alleles.
P ——
CE allele $CS allele name Count Frequency
3 Forensic Science International: Genetics fme
il 4 D351358] 14[TCTA[1] 1 00025
Pl 1 N £ e i ar N e AN TCTGI3TCTA|10]
14 D3S1358(14]TCTA[1] 1 0.0025
TCTGI1[TCTAN12]
Second generation sequencing of three STRs D351358, D125391 and L!J 0 D3AS1358]20[TCTA[1] 1 00025
D21511 in Danes and a new nomenclature for sequenced STR alleles TCTG[4[TCTAL15]
18 D125391[18JAGATI11] 3 0.0076
Chiara Gelardi ™', Eszter Rockenbauer *'*, Sigrun Dalsgaard ', Claws Borsting”, AGAC]7]
Niets Marl 13 D125391] 18]AGAT]12] 4 00102
. S AGAC|SJAGAT] 1]
19 D125391[19JAGAT]11] 1 00025
AGAC|7|ACAT]1]
19 D125391[19JACAT|11] 6 00152
. AGACIE]
Gelardi nomenclature format: 20 D125391(201ACGTI1] : o001
. AGAT] 10JAGACI9]
Locus | Length | Sequence | Flank Variants 2 0125301121 ACATI13] ' 00025
GGAC]JAGAC]T]
21 D125391(21JAGGT]1] 1 0.0025
AGAT|11JAGACI9]

Recent Paper Reporting

Table 1
Novel D351358, 0125391 and D21511 alleles.

Gelardi nomenclature example
Locus | length | sequence | flank variants

- Right now we report: D2S1338 [20,22]

- Is the full sequence string too much in a report?

« Just the STR motif or include flanking regions (length limits?)

D3S1358  [14] TCTA[L]TCTG[3]TCTA[10] - Should the sequence string be condensed down to
something easier to understand in a report?
D12S391 [20]  AGGT[1]JAGAT[10]AGAC[9]

- Bracket notation? (example next slide)

D21S11 [32.2] TCTA[6]TCTG[6]itvsTCTA[L1]TA[1]TCTA[1] + An unique code might be fine for storage and searching, but
not intuitive for a report (lookup key)

itvs: TCTA[3]JTA[1]TCTA[B]TCA[1]TCTA[2]TCCA[1]TA[1] (43 bp) . Example: gatagatagatagatagatagatagata = TKA21"

n D125391|21JAGAT|13] 1 0.0025
GGAC]1]AGAL]7]
n 012539121 JAGGT]1] 1 0.0025

AGAT|11]AGACI9]

http://www.cstl.nist.gov/biotech/strbase/pub_pres/ISHI_NGS_Workshop 2015 Vallone.pdf 9
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Searching

Reporting

D251338 [20,22] example . Sequence string for each allele? Assign a unique code?
String - Don't think bracket notation will be useful for searching
20 TGCCTGCCTGCCTGCCTGCCTGCCTY TTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCGTCCTTCCTTCC . Encoding each String for ease Of Searching
22 rocerocersceracese TGP TGO ICE T T CCT TGO T OO TECT TGO TG T TECT RGO TCTTCCT TG + Example: gatagatagatagatagatagatagata = TK421'
- Do we need agreed upon boundaries for one-to one
Bracket searching (core amplicon length)
20 [TGCC],[TTCC],[GTCC][TTCC], . The issue of the same allele, but varying amplicon lengths
- Search by length genotype then sequence string?
22 [TGCC],[TTCC],,[GTCC][TTCC],
- 11 to 11 match; then compare sequence data?
Will need to follow some set of rules for string to bracket conversion q A
an ow some S [ or StTing o br onverst Issues of searching algorithm speed and data storage

performed by computer

Storage Forensic STR Sequence Nomenclature

- Probably do not want Mb or Gb of data for each - Continue to generate more STR sequence data

sample )
P - Catalog “new” alleles and frequencies
- FASTQ -> trimmed data -> coverage per locus -> final sequence . . . -
- Discuss optimal way to categorize sequence variation
- The reviewed, interpreted, and finalized genotype file . e.g. systematic or first reported

does not have to be that big
+ SWGDAM NGS Working Group

- Final genotypes can be represented an agreed upon reporting

format - ISFG committee for STR nomenclature
- What will be our needs to retain raw data? _Panel discussion
Walther Parson, Chris Phillips, Katherine Gettings, Peter de Knijff,
. .fsal.HID versus FASTQ); ability to reanalyze raw data tovid el and: Pruce Hudowlepiviels Mordlog
ing based STR

26t ISFG Krakow Poland Panel Discussion

http://www.cstl.nist.gov/biotech/strbase/pub_pres/ISHI_NGS_Workshop 2015 Vallone.pdf 10
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Christophe Van Neste, Ghent University Christophe Van Neste, Ghent University
FLAD: Forensic Loci Allele Database FLAD: Forensic Loci Allele Database

+ A minimal nomenclature - A minimal nomenclature

- Not reporting the full sequence - Not reporting the full sequence

- An identifier can be referenced to the full sequence .

- FL1A12 <> AGATAGATAGATAGATAGATAGAT - Forensic Loci Allele Database (FLAD): automatically

. https:iforensic.ugent. be/ELAD iy i;]I;ILl::LKd permanent identifiers for sequenced forensic | J
+ A custom solution | L R — _

- Avoiding GenBank refseqs .

. dbSNP rs# - dbSNP rs# e
- I|dentifier stored in FLAD i - il - Identifier stored in FLAD it

- Need QC on data w ~ - Need QC on data =

Christophe Van Neste, Ghent University Christophe Van Neste, Ghent University
FLAD: Forensic Loci Allele Database FLAD: Forensic Loci Allele Database
FA[HEX] - FA1A, FA23 (FA: Forensic Allele + random hex number) FA[HEX] -+ I
1L g s ntormation ¥ Amelogenin [FL1] X[A01], Y[A03]
" D3S1358 [FL3] 16[POA]
FL[DJA[HEX ~ FL3A1A, FL1A23 FLA: F ic L e A FL[DJA[HEX
(DIAIHEX) (FLA: Forensic Locus . Allele..) O 1101 [FL2) 6[A3B], 9.3[A20]
4 L Adding primerset information < L D21S11 [FL11] 30[A05], 30.2[AFF]
FLIDL.DJJAIHEX] - FL3.1A1A, FL3.2A3C FLp[.D]aHe D18851 [FL13] 15[A10]
" . D8S1179 [FL6] 14[A5D]
Adding allele annotation TPOX [FLS] 8[A1 0], 12[A02]
FL[D][X|A|P][HEX] - FL3X1A, FL1P23 FL[D][X|AP]| FGA [FL8] 23[A41]
(X = unvalidated allele, P = validated, but rare allele, A = common population allele) (X = unvalidated allele, P = validated, but rare allele, A = common populationallele)

Kristiaan van der Gaag, Rick de Leeuw & Peter de Knijff, Sascha Wi”UWE‘it

Department of Human Genetics Leiden UanerSIty Department of Forensic Genetics, Institute of Legal Medicine and Forensic Sciences,
Medical Center Charite” — Universitatsmedizin, Berlin, Germany

Fully descriptive and relative to a reference genome - Reporting full sequences is not feasible (yet)
D135317[CE12]-Chr13-GRCh37-g.82.722.160:82.722.223-TATC[13]AATC[1]ATCT[3]-g.x.136G>A . Long lists of sequences are correct but not practical
full name
D135317[CE12] - Need legacy compatibility (with CE data)
Locus and CE allele . X
Chr13-GRCh37 - A Nomenclature Authority (NA) would assign a

code/type to a new allele

CHR and human genome reference version
£.82.722.160:82.722.223 . Centralized server
STR repeat region coordinates of reference allele
TATC[13]AATC[1]ATCT[3] - Reliable, secure
Full description of STR motif . Lo
- ISFG organized/maintained
g.x.136G>A

Genome coordinate
of derived SNP

http://www.cstl.nist.gov/biotech/strbase/pub_pres/ISHI_NGS_Workshop 2015 Vallone.pdf 11
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- Submit sequenced allele to NA
- If already observed (at least twice) a fixed value is returned

- If not, a temporary identifier is assigned until confirmed

- Example, submit a sequence of a 14 allele
- Already observed, returned the value ‘14*
- New allele, assigned ‘14*68’

- When observed again — this is converted into ‘14*g’ (fixed value)

Thoughts

- Pros/cons of using a code versus full descriptor
« How difficult is it to deal with full sequence strings?
- References to genome builds can/will change
- How to deal with this issue?
- Commercial kits/software will have to be informed

- QC of sequence submitted to nomenclature assigning
websites (if they exist) will be important

- See EMPOP

Lots of aspects to think about---stay tuned

10/12/2015

Chris Phillips

Univ of Santiago de Compostela

Is a ‘synthesis’ possible and can we simplify sequences still further?

Define a sequence only by rtsldnﬂerenr.es from the reference genome |

Upload raw sequences as, say, Excel lists which are then processed by the NA

HODPOOO131 — — —

=

138317 CE 10,11 (RA anly) D138317 CE 10,11 [amplicon) D135317 CE 11,13 (extra repaats]

At Al Al
13:82722200-82722200 — 1382722136 G A2
13E2722204 T 13:82722200-82722200 — 1382722203 +1-8 TATC
Az 1BBTZZAT 13:82722203 426G

A2
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