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STR CORE SETS

Early Development of PCR-STRs for Identification

THO1 Edwards, A., et al. 1991 Am.J. Hum. Genet. 49:746-756
THO1 Polymeropoulos, M.H., etal. 1991 Nucleic Acids Res. 19:3753
ACTBP2 (SE33) Polymeropoulos, M.H.,etal. 1992 Nucleic Acids Res. 20:1432
FGA (FIBRA) Mills, K.A., et al. 1992 Hum. Mol. Genet. 1:779
TPOX Anker, R., et al. 1992 Hum. Mol. Genet. 1:137
VWA (VWF) Kimpton, C.P., et al. 1992 Hum. Mol. Genet. 1:287
D21S11 Sharma, V. and Litt, M. 1992 Hum. Mol. Genet. 1:67
Amelogenin Sullivan, K., et al. 1993 BioTechniques 15:636-641
D351358 Li, H., et al. 1993 Hum. Mol. Genet. 2:1327
D18S51 Staub, R.E., et al. 1993 Genomics 15:48-56
D12S391 Lareu, M.V, et al. 1996 Gene 182:151-153




Early Development of U.S. Core STR Sets

1989, 1991, 1995 TWGDAM issued guidelines for QA in DNA Analysis

1996 FBI Lab sponsors a meeting for interlaboratory validation of STR loci
1997 13 CODIS Core Loci agreed upon at STR Project Meeting

1998 NDIS implemented

1998 QAS for Forensic Testing Laboratories approved

1999 QAS for Convicted Offender DNA Databasing Laboratories approved
2011 QAS update

2015 Expanded 20 CODIS core selected

2020 QAS update

Early Development of European Core STR Sets

1991 EDNAP formalizes as a WG of ISFH “
1992 EDNAP agrees on the use of STRs

1993 FSS publishes three multiplexes, 14 STR loci (inc. VWA, THO1, D21S11) ' & W
1995 FSS publishes SGM 6-plex: THO1, VWA, FGA, D8S1179, D18S51, and D21S11 00 i
1996 EDNAP interlab determines THO1 and vWA would be used

1998 Interpol establishes ESS: THO1, vWA, FGA, D21S11 \

1999 Interpol expands ESS: D3S1358, D8S1179, D18S51 INTEPOL
2005 ENSFI and EDNAP discuss extension of ESS, propose 2 sets of 3X miniSTRs g

e o
2006-2008 Prim allows comparisons across European databases, adventitious matches '17;]:‘]1‘31

2008 ENSFI meeting agreement to add: D1S1656, D2S441, D10S1248, D12S391, D22S1045
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DNA

Databases

Worldwide

http://dnapolicyinitiative.org/

in DNA Databases

Advances
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NDIS contains over 18.4 million STR profiles

As of June 2019,
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STR TECHNOLOGY

PowerPlex 2.1 Images from FMBIO Instrument

Penta E

FGA
D18S51

TPOX

D21S11

D8S1179

THO1

VWA

D3S1358

From Levedakou, et al. Characterization and Validation Studies of PowerPlex™ 2.1, a Nine-Locus
Short Tandem Repeat (STR) Multiplex System and Penta D Monoplex, JFS 2002
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From Levedakou, et al. Characterization and Validation Studies of PowerPlex™ 2.1,a Nine-Locus Short Tandem Repeat (STR) Multiplex System and Penta D Monoplex, JFS 2002

Penta D Locus by 310 U}LM\MJWUMM E;E

Capillary Electrophoresis PAAAS A
(Capillary p ) B2 B e

Penta D Locus by FMBIO
(Gel Electrophoresis)
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Markers and peaks are separated by size (time)

Colors separated by fluorescent dye labels

14

CE Analysis

Internal Lane Standard

Allelic Ladder

Sample Genotype

D2S441
Alleles 9-17
212 - 245 bp

D2S441
Sample is 10,14

250 bp

D10S1248
Alleles 8-19
250 — 294 bp

D10S1248
Sample is 13,15

300 bp

D13S317
Alleles 5-17
297 — 345 bp

D13S317
Sampleis 9,11
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" PowerPlex 1.1 ! ! 3 dye
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ADVANCES IN DNA SEQUENCING

1330, 1520, 1600, 1680,

TTGTTATCCBL TCACAAT TCCACACARAC
120 139 149

2001:
First human genome published,
requiring 15 years of effort
at a cost of 3 billion dollars

MH 263 JE) T4 N NN JET Mee 8 WG MM RN D MU W BN BT 0NN

2014:

One instrument can sequence
45 human genomes in one day
for $1000 each

MOORE'S LAW  "Iransistor density sn integrated cireuits doubles about every Iwo years.” *
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SEQUENCING FORENSIC STRS E

et
& {'% Forensic Science International: Genetics Supplement Series

urnal homanago: www.olsevier,com/locat/FSIGSS

Research anicle

Enhancing resolution and statistical power by utilizing mass spectrometry
for detection of SNPs within the short tandem repeats

John V. Planz*"". >, 11, Arthur ). Eisenberg **
in A, S.

Coments o at ScianceDirect
Forensic Science International: Genetics

journal hamepage: www.elsevier.com/locate/fsig

Determine the base composition
of a PCR product containing STRs

Short communication
STR sequence analysis for characterizing normal, variant, and null alleles

Margaret C. Kline *, Carolyn R. Hill, Amy E. Decker ', John M. Butler
of Stonda

A A16G20C1Ta> A10G2Ci Ts

Nl

ACAAAACAGAGA]

Provides Content not Context

D16S539 Allele 10

SEQUENCING FORENSIC STRS

Targeted sequencing may distinguish same length alleles 13]
(GeAal13

Greater degree of multiplexing

* smaller amplicons

* SNPs and other loci

[[TCTAITCTG]TCTA]13]

|
|_[TCTA]_[TCTG]2[TCTA]12|
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FORENSIC NGS KITS FOR STRTYPING

Applied Biosystems
Precision ID
GlobalFiler NGS
STR Panel

Promega
PowerSeq 46GY

Verogen ForenSeq and FGx

GENOMIC

CHARACTERIZATION
OF STRs

10



STR Distribution Across Human Genome

277822

220859

77327 72637

Dinucleotide Trinucleotide Tetranucleotide  Pentanucleotide

- - -

sholds

Period Length Thre

D=
Tri-
Tetra-
Penta-
Hexa-

11lbp
14bp
14bp
16bp
17bp

vV IV IV IV IV

Total = 689,512 STRs

Hexanucleotide

21

adapted from:

Willems T, Gymrek M, Highnam G; 1000
Genomes Project Consortium, Mittelman D,
Erlich Y. The landscape of human STR variation.
Genome Res. 2014 Nov; 24(1 1):1894-904.

AAAAAT] 3
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Heterozygosity vs
Major Allele Length
by Period

b
wn

1
S

Mean heterozygosity

e
w

adapted from:

Willems T, Gymrek M, Highnam G; 1000
Genomes Project Consortium, Mittelman
D, Erlich Y. The landscape of human STR

variation. Genome Res. 2014 Nov;
24(11):1894-904.

Maijor allele length (bp)
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Heterozygosity
vs Allele Length
by Period

by Motif

adapted from:

Willems T, Gymrek M, Highnam G; 1000
Genomes Project Consortium, Mittelman
D, Erlich Y. The landscape of human STR
variation. Genome Res. 2014 Nov;
24(11):1894-904.

Mean heterozygosity

- AgAGoGl
o acecoc
— acceec

30 35 40 45 50

Major allele length (# repeats)

Repeat Difference
from

Most Common Allele
by Period

adapted from:

Willems T, Gymrek M, Highnam G; 1000
Genomes Project Consortium, Mittelman
D, Erlich Y. The landscape of human STR
variation. Genome Res. 2014 Nov;
24(11):1894-904.

Percent of calls

<54.3.2-1012 3 435 54-3-2-1012345>5 on 5.4.3.2:1012 3 4535

P P=6
100 100
9B
96
94
92
90
BB

$4-3-2-10 123428  <54-3-2-1012 3 4328
Repeat difference from most common allele

12



REPEAT MOTIF CATEGORIES

SIMPLE consists of one repeat sequence
e [TCTA]n
* May have nonconsensus alleles: CCTA [TCTA]n

« [AGAT]n [AGAC]n

25

* May have nonconsensus alleles: [AGAT]n [AGAC]n AGAT

COMPOUND consists of two or more different repeat sequences

COMPLEX contains interspersed elements of varying period(s)
« [TCTA]n [TCTG]n [TCTA]n ta [TCTA]n tca [TCTA]2 tccata [TCTA]n

Locus Allele Range Motif Freq Type
10to 18 |CCTA [TCTA]n 54% Simple
D1S1656 10to 17 |[TCTA]n 20% Simple
14.3t019.3 |CCTA [TCTA]n TCA [TCTA]n 24%
8to 13 |[TCTA]n 47% Simple
S 12t0 17 |[TCTA]n TTTA [TCTA]2 26% Simple
10to 13 [[TCTA]n TCTG TCTA 18% Simple
11.3t0 14.3 |[TCTA]n TCA [TCTA]n 5%
7to15 [[ATCT]n 75% Simple
D55818 8t0 14 |[ATCTIn 24% Simple
S | M P L E R E P E ATS 13015 |[ATCTI3ATGT [ATCTIn 2%
CSF1PO 71015 |[ATCTIn 99% Simple
8to 15 |[ATCT]n 63% Simple
BESITE 15t022 |[ATCT]n ATGT [ATCT]n 34% Simple
23t026 |[[ATCT]n ATGT [ATCT]4 ATGT [ATCT]n 2%
18.3t023.3 [[ATCT]n ATGT [ATCT]2 ATC [ATCT]n 4%
Consists of one repeat sequence D75820 6to14 [[TATGn 100% | simple
8to 16 |[TCTA]n 38% Simple
D851179 11to 17 |TCTA TCTG [TCTA]n 37% Simple
11to 18 |[TCTA]2TCTG [TCTA]n 24% Simple
May have nonconsensus alleles D105128 | 81019 [[GGAAIn o9% Simple
THOL 5to1l ([[AATG]n 89% Simple
9.3 [[AATG]6 ATG [AATG]3 21%
D135317 8t0 15 |[TATC]n 99% Simple
Penta E 5to25 |[TCTTTIn 99% Simple
D165539 81015 |[GATA]n 100% Simple
— 9t024,28 [[AGAA]n 99% Simple
14,15 |AGAA AGCA [AGAA]n 1%
— 9to 17 |[CCTT]n CCTA CCTT CTTT CCTT 78% Simple
12.2t018.2 |[CCTT]n CCTA CCTT TT CCTT 21%
PentaD [2,3.2,5t017 [[AAAGA]n 100% Simple
D2251045 8t0 19 |[ATT]n ACT [ATT]2 Simple

2/13/2020
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Locus Allele Range Motif Freq Type
CO M PO U N D 15t0 24 [[GGAA]n [GGCA]n 56% Compound
D251338 19t0 27 |[GGAA]2 GGAC [GGAA]Nn [GGCA]n 42% Compound
181020 |[GGAA]n GAAA [GGAA]2 [GGCA]7 4% Compound
R E P EATS 11to 20 |TCTA [TCTG]2[TCTA]n 56% Compound
D351358 14t0 20 |TCTA [TCTG]3 [TCTA]n 28% Compound
12to 18 |TCTA TCTG [TCTA]n 15%
. 17t029 |[GGAA]2 GGAG [AAAG]n AGAA AAAA [GAAA]3 96% Compound
Cons|sts of two or more FGA 221030 |[GGAA]2 GGAG [AAAG]5 AAGG [AAAG]n AGAA AAAA [GAAA]3 |4% Compound
. 16.2t0 25.2 |[GGAA]2 GGAG [AAAG]n --AA AAAA [GAAA]3 2%
different repeat sequences [ 11to21 |[TAGA]n [CAGA]3-6 TAGA 90% Compound
14to 15 |[TGGA]O,1 [TAGA]3 TGGA [TAGA]3 [CAGA]4 TAGA CAGATAGA |10% Compound
14t0 27 [[AGAT]n [AGAC]n AGAT 80% Compound
M h " I D125391 18t0 27 |[[AGAT]n [AGAC]n 16% Compound
a'y ave nonconsensus alleles 17.3t0 19.3 |AGAT GAT [AGAT]n [AGAC]7 AGAT 3%

27

COMPLEX REPEATS

Contain interspersed elements of varying period(s)
and nonconsensus alleles

Locus Allele Range Motif Freq Type

D21511 26t039 |[TCTAIn [TCTG]n [TCTA]In TA [TCTA]n TCA [TCTA]2 TCCATA [TCTA]n 76% Complex
28.2t034.2 |[TCTA]n [TCTG]n [TCTA]3 TA [TCTA]n TCA [TCTA]2 TCCATA [TCTA]n TATCTA |23% Complex

SE33 7,11t023 |[CT[CTTT]2-3¢[CTTT]n CT [CTTT]3 CT [CTTT]2 47% Complex
19.2t033.2 |CT[CTTT]2[CCTT]1-3 C[CTTT]n TT [CTTT]n CT [CTTT]3 CT [CTTT]1-2 39% Complex

14



29

CATEGORIES OF FLANKING REGIONS

. No polymorphisms
. Polymorphisms Associated with a Sequence Variant

. Rare polymorphisms

1

2

3

4. Population or Allele Specific polymorphisms

5. “Old” polymorphisms (not population or allele specific)
6

. Multiple polymorphisms in Haplotype

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
African African with Plagkine
Category Locus rs Number P Caucasian Hispanic Ameriomn Caucasian Hispanic SNPs
D351358
FGA
D125391
No SNPs Penta £
D195433
D21511
D151656 154847015 0.191 0336 0311 B B 2 0
SNPs Associated with 1511063971 0.044 0.086 0078 1 1 1
T 1511063970 0.044 0.086 0078 1 1 1
" VWA 1511063969 0.044 0.086 0.078 1 1 1 0
[FEpEER VEEDR 1575219269 0.044 0.086 0078 1 1 1
15199970098 0029 - 0011 2 = 1
D25441 1574640515 0.015 0.014 0.067 1 1 2 2
CSF1PO C-T36bp5' B B 0011 - - 1 1
D851179 15138862078 0.007 - - 1 - - 1
Rare SNPs D1051248 T-G2bp3' - 0.007 - - 1 - 1
D18S51 15535833682 0.029 - - 3 - - 1
Penta D 157279663 0022 0014 0011 1 2 1 2
D2251045 15190864081 0007 - - 1 - - 1
1513422969 0135 - 0.011 2 - 1
Population /Allele ~ [tpox rs115644759 0022 - - 2 - 4
Specific SNPs 15149212737 - 0.007 2 1 2
THOL 1579373318 0148 E = 3 = 3
Single "Old" SNP. 151728369 0.404 0171 0278 4 7 7
(not o | — G-A94bp 5 . = 0011 = = 1 2
allele specific D251338 rs6736691 0.221 0.264 0.300 8 6 4 3
GT4bp3' 0316 0.257 0.189 7 B 3
1525768 0228 0.257 0.156 5 5 5
DSSe18 15146841551 0.029 - - 1 - - =
1541272009 0.007 - - 1 - -
159546005 0309 0.286 0333 5 4 7
- 1573525369 0.066 - - 3 - -
Multiple SNPs in 1s73250432 - 0014 0011 - 2 1
Haplotype RLS3Y] 15146621667 0,015 - - 2 - - 28
4bp del 8bp 3' - - 0022 - - 2
4bp del 21bp 3' 0.007 - 0022 1 - 1
1516887642 0177 0.050 0022 4 2 2
157789995 0015 0164 0122 2 4 4
Dzse20 157786079 0.176 0.021 0011 5 2 1 B
1bp del 21bp 3' = - 0011 = - 1

2/13/2020
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Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
. . with Flanking
Category Locus rs Number i ) " Caucasian Hispanic n ) i Caucasian Hispanic SNPs.
erican erican
D351358
FGA
D125391
enta E
D195433
D21511

No SNPs

No SNPs were identified
in the PowerSeq sequenced flanking regions of:

D3S51358 Penta E
FGA D195433
D12S391 D21S11

31

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
P Afl with Flanking
rican
i i i i i i SNPs
Category Locus rs Number American Caucasian Hispanic T Caucasian Hispanic
D151656 rs4847015 0.191 0.336 0.311 5 5 4 0

SNPs Associated with
Repeat Region
Sequence Variant

1000 Genomes Project Phase 3 allele frequencies

D1S1656 has one SNP, rs4847015

 Well distributed across populations...

ALL AFR AMR ASN EUR SAS

‘ » T 20% ‘ » T:18% ‘ * T:31% ‘ * T:12% ‘ * T:34% \ + T:8%
* C:30% * C:82% » C:69% * C:88% » C:66% * C:92%

2/13/2020

16



33

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
ith Flanki
African . . . Afi . , : & ETIANES
Category Locus rs Number . Caucasian Hispanic . Caucasian Hispanic SNPs
American American
D1S1656 rs4847015 0.191 0.336 0.311 5 5 4 [

SNPs Associated with
Repeat Region
Sequence Variant

D1S1656 has one SNP, rs4847015
 Well distributed across populations
« Well distributed across STR alleles

* Does NOT increase the number of alleles...

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
. with Flanking
Category Locus rs Number Afrlc. Caucasian Hispanic A . Caucasian Hispanic SNPs
American American
D151656 rs4847015 0.191 0.336 0.311 5 5 4 0

SNPs Associated with
Repeat Region
Sequence Variant

D1S1656 has one SNP, rs4847015
and it is always associated with x.3 alleles:

rs4847015=T

2/13/2020
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Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
African African with Flanking
i i
. . . S SNP:
Category Locus rs Number American Caucasian Hispanic American Caucasian Hispanic S
s e rs11063971 0.044 0.086 0.078 1 1 1
e 1511063970 0.044 0.086 0.078 1 1 1
Repeat Region WA 0
Sequence Variant V! rs11063969 0.044 0.086 0.078 1 1 1
rs75219269 0.044 0.086 0.078 1 1 1
rs199970098 0.029 = 0.011 2 = 1

VWA has five SNPs
 Four are coinherited
« All four associated with a sequence variant

« Fifth SNP also associated with a sequence
variant

35

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
. . with Flanking
Category Locus rs Number Afrlc‘an Caucasian Hispanic Afrlc‘an Caucasian Hispanic SNPs
American American
D25441 rs74640515 0.015 0.014 0.067 1 1 2 2
CSF1PO C-T36bp 5' - - 0.011 - 1 1
D851179 rs138862078 0.007 = = 1 = = 1
Rare SNPs D1051248 T-G2bp3' - 0.007 1 1
D18S51 0.029 = = 8 = 1
Penta D rs7279663 0.022 0.014 0.011 a 2 a 2
D2251045 rs190864081 0.007 = = a i

Rare SNPs were identified
in the PowerSeq sequenced flanking regions of:

D25441 D18S51
CSF1PO Penta D
D8S1179 D2251045
D10S1248

18
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Minor Allele Frequency

Number of Associated STR Alleles

Categot Locus rs Number o Caucasian Hispanic A Caucasian Hispanic
& American = American B
rs13422969 0.135 - 0.011 2 - 1

Population / Allele  [TPOX
Specific SNPs

TPOX: rs13422969

Well distributed across Africa, rare elsewhere

1000 Genomes Project Phase 3 allele frequencies

ALL ASN

AFR sub-populations

ACB ASwW ESN GWD

‘ . A 21% » A 16% ‘ * A 23% » A13%
» C:79% » C:84% » C:7T% * C:82%

EUR

AFR AMR S
\
» A5% . A 19% . A% . . AO0% )
“o C:95% * C:81% - Coo% » C:100% i » C:100%

Sub-populations &  Sub-populations =  Sub-populations &  Sub-populations ®  Sub-populations #

LWK MSL YRI

- A 14% - A 18% ‘ - A%
» C:86% * C:82% » C:79%

Minor Allele Frequency

Number of Associated STR Alleles

African

Category

Locus

rs Number

African
American

Caucasian

Hispanic o Caucasian Hispanic
g American G

Population / Allele

TPOX

rs13422969

0.135

0.011 2 = 1

Specific SNPs

TPOX: rs13422969
Well distributed across Africa,

Associated with “9” allele

=136)

CHROMOSOMES (N

rare elsewhere

TPOX - rs13422969 Sequence Haplotypes
in African Americans

8 ] 10

LENGTH-BASED STR ALLELE

2/13/2020
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Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
B N with Flanking
Category Locus rs Number Afrlc.an Caucasian Hispanic Afrlcvan Caucasian Hispanic SNPs
American American
i "old" 1728369 0.404 0.171 0.278 4 4 4
Single "Old' ?NP D165539 rs: 5
(not population or
allele specific

D16S539: rs1728369

Well distributed across populations and alleles

African American Caucasian Hispanic
. 60 . 60 .30
@ ) s
= 50 S 50 @25
) T z
Z a0 Z a0 20
§ 30 g 30 “g' 15
§ 5 g =
g 20 g 20 : 10 n
Ew l 10 I 1 I
5§, m —_ § o — - - 0 -
8 9 0 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14
Alleles. Alleles Alleles
Minor Allele Frequency Number of Associated STR Alleles Alleles Gained
African African with Flanking
i i
N i Hi: i i Hi i SNPs.
Category Locus rs Number American Caucasian ispanic American Caucasian ispanic
G-T4bp 3 0.316 0.257 0.189 7 5 6
rs25768 0.228 0.257 0.156 5] 5] 5]
EERL) rs146841551 0.029 - ° 1 = = £
rs541272009 0.007 = = 1 = =

Multiple SNPs in
Haplotype

D5S818:
rs73801920
rs25768

Well distributed across
populations and alleles

two additional rare SNPs

2/13/2020
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CHROMOSOMES (N=366)

e

a
(=]

5
o

D55818 STR ALLELES

9 10 11 12
LENGTH-BASED STR ALLELE

=366)

CHROMOSOMES (N

e
3

D55818 SEQUENCE HAPLOTYPES

10 11 12
LENGTH-BASED STR ALLELE

2/13/2020
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D55818 SEQUENCE HAPLOTYPES

a3 0 1 on
LENGTH-BASED STR ALLELE

D135317 SEQUENCE HAPLOTYPES

10 1 2
LENGTH-BASED STR ALLELE

D75820 SEQUENCE HAPLOTYPES

LENGTH-BASED STR ALLELE

[ Fanking Region Sequence

leles [ Repeat Region Sequance

Allelic Gains by Sequence compared to Gains in Heterozygosity

>|w:|
0.0 10 085
. @ 0600 0
L]
. L

2/13/2020
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EXERCISE |

HISTORICAL
NOMENCLATURE




1991

Early paper with nomenclature info S O S e T

Locus Name: based on GenBank locus designations

* eg HUMHPRTB

Motif: lowest alphabetical representation of the STR
° e.g. GATA > AGAT
« THO1!!

Number of repeats based on sequencing data from at least
two alleles

1997 R .

DNA recommendations of the ISFH SE—

T r—
PG o W Mgy

DNA recommendations:

Further reportof tha ONA Comeissen* of the 5FH
Fegarding the use o short andem repeat ystims

A common nomenclature for STRs Ee
is a prerequisite for e |
interlaboratory reproducibility and for
the exchange and comparison of data.

P Hacmogeetis IS0 o oo e e o o oot
puimdtiopl g

For many loci there has been
an enormous increase of information
about sequence and substructure
which has repeatedly raised questions
relating to nomenclature.

2/13/2020
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1997
DNA recommendations of the ISFH

DHA recommendations.
Furthes reportof the DNA Comenission* of the (SFH
reganding the use of short tandem repeat systemns

Strand

P Moot (5070 ot oo 88 e o b et
et o o b bt
o

* protein coding genes or pseudogenes: use coding strand

* no connection to coding genes: sequence originally

described in literature or |t public DB entry

Motif (unless already established):

e First 5’ nts that can define a motif

If multiple nomenclatures exist, prioritize the one which
most closely adheres. If not possible, then use the first
documented.

“Authors should follow these reco

1997
DNA recommendations of the ISFH

-

e . ety o
PG, U W Mape . s

DNA recommendations.
Further reportof tha ONA Comeissen* of the 5FH
Fegarding the use o short andem repeat ystims

Allele Numbering for non-straightforward loci

P Hacmogeetis IS0 o oo e e o o oot
A iy e g et .

* If sequence variation is present, use full number of e e T T

T T, Tt e i e, e S0 ACTICS

repeats including variation

* Complex loci: repeat nomenclature should have a
mathematical relationship to length of a consensus allele

* Example D21S1 |

repeats length  relation

27 213bp  27x4+105%=213

31 229bp  31x4+105%=229
332 239bp  33x4+2+105%=239

*105bp = sum of 5’+3’ flank and 43bp interspersed element

! a ) |

mmendations and state they did so.”

2/13/2020
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2006

Recommendations of the ISFG

Allele number derived from total number of contiguous
variant and non-variant repeats

Single repeat units adjacent to main array and of the same
sequence as main variable repeat should be included

+ eg [GATA]n [GACA], [GATA] = n+2+I

If repetitive motifs are not adjacent and have <3 units and

show no variation, they should not be included
* e.g. [GATA]n [GACA], Ng [GATA]; = n+2

* |f N £ 4 nt,include

If N >4 nt, exclude

2006

Recommendations of the ISFG

Indels within repeat are counted

e.g [CTTTT]g C [CTTTT]; = 11.1
Indels in flank are designated separately
e.g. 11 (U40Tins)

(this only works when sequencing)

Ambiguous indels assigned to highest numbered end of
homopolymer

e.g. C-AAAAAAA[GATA]... = U9Adel
e.g. ...[TATC],TTTTTTT-GC = D9Tdel

2/13/2020
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2006

Recommendations of the ISFG

Indels within repeat are counted

+ eg[CTTTT]gC [CTTTT]; = 11.1
Indels in flank are designated separately
* e.g 11 (U40Tins)

(this only works when sequencing)

Ambiguous indels assigned to highest numbered end of
homopolymer

« eg C-AAAAAAA[GATA],... = U%Adel
+ eg ..[TATCITTTTTTE-GC = D9Tdel

2016
Considerations of the ISFG

Consideration |: MPS analysis should be
performed with software that allows STR
sequences to be exported and stored in
databases as sequence (text) strings to
capture the maximum consensus sequence
information.

2/13/2020
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2016
Considerations of the ISFG

Consideration 2.The forward strand
direction assigned in the human genome has
been constant for all assemblies published
since the first draft in 2001 and can be used

to align STR sequences.

2016
Considerations of the ISFG

Consideration 3.The choice of reference
sequence is crucial for standardizing STR
nomenclature systems.At the time of

writing, GRCh38 is the most up-to-date
sequence assembly and is recommended as
the framework with which to define repeat
region structure for sequence alignment and
for the mapping of sequence features such
as SNPs.

2/13/2020
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2016
Considerations of the ISFG

Consideration 4. Further work is needed to
translate the nomenclature of STR loci thus
far coded relative to the reverse strand and

repeat region start and end points.There is a
need to strictly define these and other

anchor points to specify the repeat regions.

2016
Considerations of the ISFG

Consideration 5. Although simple STR
nomenclature systems may be required at some

point in the future ... comprehensive STR

nomenclature systems are preferred for early
adopters... Backward compatibility to the repeat-
based nomenclature derived from CE needs to
be maintained to preserve the universal
applicability of established national STR
databases.

2/13/2020
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2016
Considerations of the ISFG

Consideration 6.To account for relevant
genetic variation outside common repeat
regions, STR sequences stored as sequence
strings should include flanking sequences as
well as the genome coordinates of the

sequence read start and end points.

2016
Considerations of the ISFG

Consideration 7. Updated allele frequency
databases will be necessary to take full
advantage of the increased power of
discrimination offered by MPS generated
STR data. A unified nomenclature system is
needed to ensure compatibility of

worldwide population databases.

2/13/2020
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2016
Considerations of the ISFG

Consideration 8. Future forensic MPS
multiplexes would benefit from retention of
past markers for backward compatibility and
a marker selection process based on
population data, molecular biology,
sequencing chemistry, and a continued
dialogue between the forensic community

and commercial suppliers.

Fun with D12S391

2/13/2020
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B L Pt Sty 0

& bighly warisble STR at the D1Z5391 locus

Primarily:

[AGAT],_,4 [AGAC], ,, [AGAT],_,

~5% Europeans:

AGAT GAT [AGAT]g.,, [AGAC], AGAT

D12S391 stutter by sequence

(N-8) e = 12%

9% = [AGAT], [AGACI;[AGAT] |
3% = [AGAT] ;,[AGAC], [AGAT] ‘

[1% = [AGATI;[AGAC],[AGAT] |

32



D12S391 stutter by sequence

|(0-8),0q = 22%

(N-8) eq = 5% (n+4),., = 1%
¥ ¥

[AGAT],, [AGAC], [AGAT]

16% = [AGAT], [AGAC], [AGAT]
6% = [AGAT],, [AGAC], [AGAT]

4% = [AGAT],; [AGAC], [AGAT]
1% = [AGAT],, [AGAC], [AGAT]

2/13/2020

D12S391 stutter by sequence
_% higher stutter than [AGAC]n

0%
.
¥ =0.014x- 00401 8 T
07526 °_§
- By L]
l,II’ L
=

25%

o
F

= 0.01212-0.0816
=081

Parcant Stutter
7

-

prea

g
ES

et S

& %
4 5 6 7 & 9 10 11 12 13 M 15 1 17 1

Repeats in Subunit [AGATIn Repeats in Subunit [AGAC]n
W

-
L
¢
& L]
.4 N
& o

Cytosine {C}

15 4 5 & 7 8 9 W 11 B 13 M4 15 1§ I B 18
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Single Source samples show varying levels of |bp resolution:

Forensic Science Intermational: Gepetics H

B

249 231 253 235 23 2
farm phenotyping of 125301 resatved by secand generation
sequencing \!'

Rochenhauer, & Buchasd, 1S Magemen, I Frask Hasses,

This has implications for validations and mixture analysis:

Allele Repeat Region Sequence A C G T MW delta if Fis labeled
Sample | 19.3  AGAT GAT [AGAT]10 [AGAC]7 AGAT 39 7 20 13 10709.93
Sample2 20  [AGAT]I3 [AGAC]6 AGAT 40 6 20 14 10860.08 150.15 easier
Sample 3 20 [AGAT]I2 [AGAC]8 40 8 20 12 10830.04 120.11 harder

67

STRBase & STRSeq
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STRBase

Short Tandem Repeat DNA Internet DataBase

ez

STRBase: a short tandem repeat DNA database for the
human identity testing community
Christisn M. Rultberg. Dernis J. Aseder and John W Dutier

o of St wt Tachrwsingy. 100 s v, b S 311

STRBase

Short Tandem Repeat DNA
Internet DataBase et e
PCR Prisms lndur i

Mepar
gl et PO P Sepnres

TP oot Ss of Oervasd Alkbes

Mk sl st Strmcturs

Hapuat )

PowerPlox™ 16

w0 [ i [
IS O -
oa N

il
e

ittt tiiny
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& @ strbase.nist.gov "

ler::_-'::-:—.— STRBase: A web based resource for STR information

Commonly Used Auto $TRs intreduction New Features
=T - Sep

Other Auto STRs

A-Chromasame STRs

Y-Chromasome STRS

NIST SHERES

71

STRSeq

The STR Sequencing Project

36
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RefSeq: NCBI Reference Sequence Database

& sequences ICluding genomic

LRG sequences provide a stable genomic DNA framework for

LO(US-Referen(e-Genomi( reporting mutations with a permanent ID and core content

that never changes.

2/13/2020
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. Timeline

EREESE pport
NIST announces

initiative at AAFS
>

-

~
Sep Oct Nov

Dec Jan Feb Mar  Apr May  Jun Jul
Feedback ~ Planning (7 Development

Aug
Submission

e

144 "

38
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Partners-Roles

-
INER = (':))
4 NCE!

Population Samples Project Input Project Input
Project Coordination STRIdER Integration Hosting

Record Submission

UNT HEATH

Population Data
Project Input

. TRSeq Samples

1786 S 1043 _
ForenSeq I ForenSeq ‘. A j

650 + + : 839 + 944
PowerSeq CE e ForenSeq i ForenSeq
CE g supporting e § 24
supporting / it data 4

data _ e B :
- o 4 PO 1 | HEALTH

-

+
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STRSeq Samples

‘ 'DIZSSEII Alleles lJy Leh
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https://www.ncbi.nlm.nih.gov/bioproject/380127

Project Data

Hesource Name

Pubed

Humber

Homo saplens microsatellite TPOX 7 [AATG]T rs115644759 sequence

Homo sapiens microsatellite TPOX 7 [AATG]7 rs115644759 sequence

L3 MFOAA47.1: 114,158 (45bp) = F

FASTA ~

Homo sapiens microsatellite TPOX 7 [AATG]7 rs115644759 sequence

GenBank: MF044247 1
GenBank ~ Graphics

>MF@44247.1 Homo sapiens microsatellite TPOX 7 [AATG]7 sequence
TEECCTETGGGTCCCCCCATAGATTGTAAGCCCAGGAGGAAGGGCTGTGTTTCAGE TAG
CACCCAGAACCETCGACTGOCACAGAACAGGCACTTAGGGAACCCTCACTGAATGAATGAATGAATGAAT
GAATGAATGTTTGGGCAAATAAA

Send to =

2/13/2020

41



—

| Homo sapiens microsatellite TPOX 7 [AATG]7 rs115644759 sequence
G ) 7.1

Eutel

applied Gene
18@ Bureau Drive,

Homo sapiens microsatellite TPOX 7 [AATG]7 rs115644759 sequence

GenBank: MF044247.1

k FA

=) MF044247.1: 114..158 (45bp) ~ | Find:

110

140

" ¥ Tracks shown: 3/6

2/13/2020
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Standalone and API BLAST

' Download BLAST B yse BLAST API Use BLAST in the cloud
LI GetBLAST databases and executables mm Call BLAST from your application Start an instance at a cloud provider

Embedding the NCBI Sequence View in Web Content

Introduction

The NCBI Graphical Sequence Viewer (SV) is a general purpose tool for v g biclogical sequance data. The Sequence Viewer has a very rich set of options and
can display virtually any sequence. It can be embedded in a wide variety of w b pages serving many different needs. This page has exam;les showing best practice
for embedding Sequence Viewer with several different sets of options

Homo sap|ens microsatellite TPOX 7 [AATG]7 rs115644759 sequence

GenBank

3 MFOAA297.1: 114,158 {45bp) - | Find: =T

mmmmm
G G A G T 6 A C T T A C T T A C T T A C T T A C T T A C T T A C T T A C A A A C C C 6 T 7]

Repeat regicn

STRIidER

A 4 A 4

QC platform High quality STR data STR database

STR data literature data Output

Researchers Practitioners

Forensic Community

STRIidER in the field of forensic STR typing (from Bodner et al. 2016)
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STRSeq in Casework

Report

Qc STRSeq and STRIdER: Additional QC for alleles
Nomenclature not observed in validation or population dataset

As per internal validation, may include:
QC Data e e

hecks, CE compare

Generate sequence data within

Sequence parameters of internal validation

Review Developn | Validation

Va Iidate Review Relevant Guidance Documents

Internal Validation, Protocol, Training

Literature Review
Technology Evaluation
Procurement, Installation

FAQ:s:
How do you decide which loci to include? STRSeq

NCBI BioProject: PRINA380127 strseq.nist.gov

Why do some loci not have records yet?
Commonly Used Alternate Y-Chromosomal X-Chromosomal

Where does the data come from’ Autosomal STR Loci Autosomal STR Loci STR Loci STR Loci

o
-
£

D151656

Where are the allele frequencies? TPOX, D254d1, D251338
D351358

FGA

Can | send you a sequence? D55818, CSF1PO
SE33, D651043

D75820

D851179

D1051248

THOL

| VWA, D125391
e — D135317

Rescarch paper Penta E

STRSeq: A catalog of sequence diversity at human identification Shert D165539
Tandem Repeat loci = D1751301
D18s51

D195433

Katherine Butle . 8 et Budow
a P

D21511, Penta D
D2251045

RESBENSREREREBCcovonswmm
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APPLIED _
The STR Sequencing Project S/ ENNAT NN

LA ok K B Genpings, P Vallone

Alternate
Autosomal STR Loci

conamenes - (NIST unt nesn - USSR
e — N W —

LABORATORY
NOTEBOOK

EXERCISE 2 o

poee EXETLISE 2
owe 10 September 2019

o
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COFFEE BREAK
meet back in 30 minutes

NEW IDEAS IN
NOMENCLATURE

SID & STRNaming

2/13/2020




LABORATORY
NOTEBOOK

EXERCISE3 [

= paea EXEICISE D
- o 10 September 2021

o

STRAND WG Efforts iy

& K;P
WRAP UP e

AND

SEQUENCE
ON

2/13/2020
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STRAND wouting

align | name | define

= stional: Genetics 22 (2016) 545

Contents lists available at ScienceDiroct

. b Forensic Science International: Genetics

align | name | define

Massively parallel sequencing of forensic STRs: Considerations of the @mw_"
DNA commission of the International Society for Forensic Genetics

(ISFG) on minimal nomenclature requirements

Walther Parson’®*, David Bal ruce Budowle’, john M. Butler',

Katherine B. Gettings', Peter or Gusmao®* DnuglasKHams Jodi A. Irwin',

Jonathan L. King?, Peter de K hthil

Peter M. Schneider”, Christophe Van Neste®, Sascha Willuweit', Chr muplm Phillips*

Our mission is to harmonize related efforts across member [aboratories:

=)
;4 » STRIdER STR sequence quality control

4
=

» STRSeq catalog of sequences

UNT I T:\BY. 1 » STRaitRazor bioinformatic freeware

SCIENCE CENTER

» Forensic STR Sequence Guide

and to characterize additional STR loci present in the genome
which may be useful for forensic purposes in the future.
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STRAND wosking growp

align | name | define

Contents lists available a1 ScienceDirect

Forensic Science International: Genetics
» STRait Razor Agnostic Freeware

journal homepage: www.elsevier.com/locate/tsig

Shert communication

T HEALTH STRait Razor v2s: Advancing sequence-based STR allele reporting and @
SCIENCE CENTER beyond to other marker systems

Jonathan L. King"*, Frank R. Wendt®, Jie Sun®, Bruce Budowle™*
Figure 2

v Jur Hessaan Mesification, Ustveraity of North feass Health Science Center, 3500 Camp Bowie Blvd.. Fart Worth, TX 76107, USA
ettty of Molrrader Medisine, Ussiveraity of North Trass eolth Science Center, 3500 Carp Bowie Blvd, Fort Worth, TX 76107, USA
oot of Lxrmcr i Comens Medin e (CICAB), i Abdzi Unves fddoh, S v

AEETETATETATETATETATETATET FArrreamantarTaGaTARoTaTA

rrree—

STRAN D woW'/ng gro0up

align | name | define

Contents lists available at SciencaDirect

' s Forensic Science International: Genetics

N journal homepage: www.elsevier.com/locate/fsig
QC platform High quality STR data STR database

l Recommendations of the DNA Commission of the International Society ®( a—_k

Journals

for Forensic Genetics (ISFG) on quality control of autosomal Short

Tandem Repeat allele frequency databasing (STRidER)
S TR data literature dota Output Martin Bodner”, Ingo Bastisch”, John M. Butler”, Rolf Fimmers®, Peter Gill*",
Leonor Gusmao™", Niels Morling', Christopher Phillips*, Mechthild Prinz',

Peter M. Schneider™, Walther Parson™
|n(o

l Oumy R

Nanal I of Sindars nd Techalog. Cosbar, WD, USA
e f Mok R, i 5 gy sy syl e, b, oy 7
R — e of Pt o orens o, Nowway
. e Mo Uaturiy of Ol O =
oA Diagnostic Laboras e
" w o gy he U

Practitioners

e oL Motcas, Mot vty o e et A

Authors Researchers

Forensic Community

* Foreasic Science Program. The Peansylvania Stafe Universic, University Pork P, USA

The existing architecture of STRIdER allows for the implementation of nucleotide sequence
rings and thus is fully compatible with the QC of population data generated by MPS.

rider.online
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align | name | define

QC of STR sequence data on STRidER

*submission of FASTA-like strings per locus per individual

*alignment and comparison to references:

Forensic STR Sequence Structure Guide

STRSeq catalogue

*translation into CE allele

*inspection of flanking region where available

*no STR sequence nomenclature required, assessed or returned in reports

» database will host STR sequence data in future

STRAN D woW’mg gro0up

align | name | define

» Forensic STR Sequence Guide B e e o G

o

5 i ot 1

MPS kits: oI ot

DTSNME" .
Tharma Fisher Precision ID } Dirsizg LTS1HT

/s N st

s1ETT

DIGaTAY S
OEENTTE

pesinT | DATEIAm | HOplex"

Dasesz | - 3
cosnzE  omwsea || STRnyper 10-G° ey “
452408 / — /oo
\ D154 DS g N,
\ y " oemrma Droszs
PO pyoarass / \

e

. | oiesies \, ooiszoss

100

2/13/2020
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STRAN D wowé/im,? gro0up

align | name | define

Contents lists available at ScienceDirect

Forensic Science International: Genetics

» Forensic STR Sequence Guide

journal homepage: www.elsevier.com/locate/fsigen

“The devil’s in the detail”: Release of an expanded, enhanced and )
dynamically revised forensic STR Sequence Guide -

C. Phillips™, K. Butler Gettings", J.L. King", D. Ballard”, M. Bodner", L. Borsuk”, W. Parson™

101

STR Nomenclature Meeting

(L(2 20(T London

S5ito3"

Walther Parson, Lisa Borsuk,
Peter Schneider, Brian Young,
Rebecca Just, Jodi Irwin, David

Ballard, Sascha Willuweit, Cydne
Holt, Chris Phillips, Jonathan King,

Tunde Huszar, Peter Gill, Christian
Sell, Kris Van der Gaag, Laurence
Devesse, Claus Borsting, Doug
Hares, Katherine Gettings, Rob
Lagace, Jerry Hoogenboom,
Martin Bodner, Peter deKnijff,
Sebastian Ganschow, Pedro

Barrio, Teresa Gross

102
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STR Nomenclature Meeting

Formats for STR Sequences

» Short Designator

Sascha Willuweit
arité Medical University

103

STR Nomenclature Meeting

Formats for STR Sequences

Short Designator

Coatents lists avallable at Scicnoeline

Forensic Science International: Genetics

lournal homepage: www.alsovior.com/locatalfsigen

Research paper

A nomenclature for sequence-based forensic DNA analysis

Brian Young', Tom Faris, Luigi Armogida

Piche Vision Farymsics, LLC. 526 Soath Matn 5t Alron, ONL #4111, (54

Adapted from Table 2

Sequence Read Count Sequence SID
Type Code

D Allele TCCATGOTGAATGAATGAATCAATGAATGAATGAGGGAAATAAGG 6TK
Sequence Artifact  3° TCCATGGTGAATGAACGAATGAATGAATGAATGAGGGAAATAAGG 6VS
N-1 Stutter E: TCCATGGTGAATGAATGAATGAATGAATGAGGGAAATAAGG 5U
2800M faStq Allele TCCATGGTGAATGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 YO
Sequence Artifact TaCATGGTGAATGANTGAATGAATGANTGAATGATGAATGAATGAATGAGGGAAATAAGG 9.3 M5
Sequence Artifact TCCATGGTGAATGAATGAATAAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG 937K

Adapted from Figure 1

N-1 Stutter 2 TCCATGGTGAATGAATGAATGAATGAATGATGAATGAATGAATGAGGGAAATAAGG B3IWC

104
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STR Nomenclature Meeting

Formats for STR Sequences

Short Designator

Longest Uninterrupted Stretch (LUS) Concept for Sequence Allele Designation

Was not proposed as sequence allele nomenclature

+  Aim was representation of sequence alleles for
probabilistic genotyping
Practical, near-term solution for labs already

Forensic Science International: Genetics .

employing prob gen for casework

Lack of program options for sequence alleles could |use of the LUS in sequence allele desigrations 1o fsellimte probabdlistie
1}

be a barrier to NG5 adoption

Could be used in mixture interpretation even prior ;
to storage of sequence alleles in databases

Example D851179 alleles

Length (RU) Bracketed format LUS length
12 [TCTAJ12 12

12 [TCTA]2 TCTG [TCTA]9 9

12 TCTA TCTG [TCTA]10 10

1 STR typing results

LUS Allele Designation (RU_LUS)
12 12

12.9

12_10

STR Nomenclature Meeting

Formats for STR Sequences

Bracketed Repeat

STRNaming from NFI

» Jerry Hoogenboom & Kris van der Gaag

CE11_TATC[8]TGTC[1]TATC[3]AATC[1]ATCT[3]
CE11_TATC[1@]AATC[3]ATCT[3]
CE11_TATC[11]AATC[2]ATCT[3]
CE11_TATC[12]AATC[1]ATCT[3]
CE11_TATC[12]AATC[1]ATCT[3]_-24G>A
CE11_TATC[12]AATC[1]ATCT[3]_-25C>T
CE11_TATC[13]ATCT[3]
CE12_TATC[7]TATT[1]TATC[5]AATC[1]ATCT[3]
CE12_TATC[12]AATC[2]ATCT[3]
CE12_TATC[13]AATC[1]ATCT[3
CE12_TATC[13]AATC[1]ATCT[3
CE12_TATC[13]AATC[1]ATCT[3
CE12_TATC[13]AATC[2]ATCT[2
CE12_TATC[14]ATCT[3
CE13_TATC[13]AATC[2]ATCT[3]
CE13_TATC[14]AATC[1]ATCT[3]
CE13_TATC[14]AATC[1]ATCT[3]_-24G>A

1

1

-24G>A
-250>T

]
1=
1=
]

CE13_TATC[14]AATC[1]ATCT[3]_-25C>T
CE13_TATC[15]AATC[1]ATCT[3]_+9GTCT>-
CE13 TATC[15]ATCT[3
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Flanking Region Polymorphism Nomenclature

Requires Requires InDel
Requires Reference Alignment
Option Description Example Range Genome Parameters

Report differences relative

Chr5:123775552:C>A Yes
to a reference genome

Report differences relative

. +4C>A Yes
to repeat region

Report rs number and

rs73801920 C>A Yes
change

STR Nomenclature Meeting

Formats for STR Sequences

Full String = Unequivocal Record
Storage method/location is lab-determined

“At this time, forensic DNA databasing software (e.g. CODIS) i§ generally
not equipped to store or search STR sequence strings.

Such databases primarily contain convicted offender samples; therefore,
enabling STR sequence storage or search capabilities may be of limited
use until laboratories begin routinely sequencing this sample type.

In the interim, length based (numerical allele) profiles can be developed
via STR sequencing assays.

Analysts confirming interlaboratory matches could compare sequence
data, when applicable.”

2/13/2020
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STR Nomenclature Meeting

Defined Coordinates

Assay Specific
I

109
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STR Nomenclature Meeting

Forensic Specific Reference

» Advantages » Disadvantages

» Elimination of rare SNP alleles » Significant effort would be
in STR flanking regions, required for curation,
incorporation of known maintenance, version
insertions control, and enforcement of

il general use within the
1525768 GRCh38 allele A

AFR
‘ * A:18% ‘ » A:17% . g » A:11%
G: 82% G: 83% : : G: 89%

OT worlawide populations, or
representative of maximal
complexity

111

Contents fists available at Scic

. Forensic Science International: Genetics

align | name | define

Massively parallel sequencing of forensic STRs: Considerations of the @mw_“
DNA commission of the International Society for Forensic Genetics
(ISFG) on minimal nomenclature requirements

Walther Parson®*, David Ballard’, Bruce Budowle™, John M. Butler’,
Katherine B. Gettings', Peter Gill or Gusmao®, Douglas R. Hares', Jodi A. Irwin',
Jonathan L. King?, Peter de Knijff" i hehild Prinz®,

Peter M. Schneider”, Christophe Van Neste®, Sascha Willuweit', Chr\;tupl\rr Phillips*

Our mission is to harmonize related efforts across member [aboratories:

=
&)

, » STRIdER STR sequence quality control

N » STRSeq catalog of sequences

UNT I T:\BY. 1 » STRaitRazor bioinformatic freeware

SCIENCE CENTER

» Forensic STR Sequence Guide

and to characterize additional STR loci present in the genome
which may be useful for forensic purposes in the future.

112
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STRAN D wowé/im,? gro0up

align | name | define

Unleashing Novel STRs

wia characterization of

Genome in a Bottle (GIAB)

7 Coriell cell lines

» One individual and two trios

» PCR-free prep, HiSeq, PacBio, ONT, 10X
Analyzing STR regions in GIAB samples

» Any “novel” marker can be characterized

» Proof of concept targeting >600 STRs

113

QUESTIONS?

enjoy your week at the
28% ISFG in Prague

Questions later? katherine.gettings@nist.gov strseq@nist.gov strandwg@gmail.com

114

57



