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AUTOSOMAL STR GENOMICS 101: 
Sequence Variation and Nomenclature

AGENDA

Core Sets and Technology

Genomic Characterization of STRs

EXERCISE 1

Historical Nomenclature

STRBase and STRSeq

EXERCISE 2

New Ideas in Nomenclature

SID, STRNaming

EXERCISE 3

STRAND and Wrap Up
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STR CORE SETS

Early Development of PCR-STRs for Identification

TH01 Edwards, A., et al. 1991 Am. J. Hum. Genet. 49:746‐756

TH01 Polymeropoulos, M.H., et al. 1991 Nucleic Acids Res. 19:3753

ACTBP2 (SE33) Polymeropoulos, M.H., et al. 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

D3S1358 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
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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, TH01, D21S11)

1995 FSS publishes SGM 6-plex: TH01, vWA, FGA, D8S1179, D18S51, and D21S11

1996 EDNAP interlab determines TH01 and vWA would be used

1998 Interpol establishes ESS:  TH01, vWA, FGA, D21S11

1999 Interpol expands ESS: D3S1358, D8S1179, D18S51

2005 ENSFI and EDNAP discuss extension of ESS, propose 2 sets of 3X miniSTRs

2006-2008 Prüm allows comparisons across European databases, adventitious matches

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

http://dnapolicyinitiative.org/

Advances in DNA Databases

As of June 2019, NDIS contains over 18.4 million STR profiles
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STR TECHNOLOGY

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

PowerPlex 2.1 Images from FMBIO Instrument

Penta E

D18S51

D21S11

TH01

D3S1358

FGA

TPOX

D8S1179

vWA
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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
(Capillary Electrophoresis)

Penta D Locus by FMBIO 
(Gel Electrophoresis)

11

12



2/13/2020

7

Markers and peaks are separated by size (time)
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CE Analysis

Internal Lane Standard

Allelic Ladder

Sample Genotype

D2S441 
Alleles 9‐17
212 – 245 bp

D10S1248 
Alleles 8‐19
250 – 294 bp

D13S317 
Alleles 5‐17
297 – 345 bp

D13S317 
Alleles 5‐17
297 – 345 bp

D2S441 
Sample is 10,14

D2S441 
Sample is 10,14

D10S1248 
Sample is 13,15

D10S1248 
Sample is 13,15

D13S317 
Sample is 9,11

D13S317 
Sample is 9,11

225 bp 250 bp 275 bp 300 bp 325 bp
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100 bp 200 bp 300 bp 400 bp 500 bp

PowerPlex 1.1
c.1998

PowerPlex Fusion
c.2013

PowerPlex 35GY 8C
c.2020

C
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x 
Ev
o
lu
ti
o
n
 E
xa
m
p
le
s 3 dye

8 locus

5 dye
24 locus

8 dye
35 locus

ADVANCES IN DNA SEQUENCING

2001:
First human genome published, 

requiring 15 years of effort 
at a cost of 3 billion dollars

2014:
One instrument can sequence 
45 human genomes in one day 

for $1000 each

www.genome.gov/sequencingcostsdata
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SEQUENCING FORENSIC STRS

D16S539  Allele 10

Determine the base composition 
of a PCR product containing STRs

A10G20C12T4 >A10G20C11T5

Provides Content not Context

SEQUENCING FORENSIC STRS

Targeted sequencing may distinguish same length alleles

Greater degree of multiplexing

• smaller amplicons

• SNPs and other loci
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Promega 
PowerSeq 46GY

Applied Biosystems 
Precision ID 

GlobalFiler NGS 
STR Panel

FORENSIC NGS KITS FOR STR TYPING

Verogen ForenSeq and FGx

GENOMIC 
CHARACTERIZATION 
OF STRs

19
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STR Distribution Across Human Genome

277822

77327

220859

72637

40867

Dinucleotide Trinucleotide Tetranucleotide Pentanucleotide Hexanucleotide

Period Length Thresholds
Di- 11bp ≥ [AT]6
Tri- 14bp ≥ [AAT]5
Tetra- 14bp ≥ [AAAT]4
Penta- 16bp ≥ [AAAAT]4
Hexa- 17bp ≥ [AAAAAT]3

Total = 689,512 STRs

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.

Heterozygosity vs 
Major Allele Length 
by Period

di

tri tetra
penta

hexa
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.
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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.

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.
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REPEAT MOTIF CATEGORIES

SIMPLE consists of one repeat sequence
• [TCTA]n

• May have nonconsensus alleles: CCTA [TCTA]n

COMPOUND consists of two or more different repeat sequences
• [AGAT]n [AGAC]n

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

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

SIMPLE REPEATS

Consists of one repeat sequence

May have nonconsensus alleles

Locus Allele Range Motif Freq Type

10 to 18 CCTA [TCTA]n 54% Simple

10 to 17 [TCTA]n 20% Simple

14.3 to 19.3 CCTA [TCTA]n TCA [TCTA]n 24%

8 to 13 [TCTA]n 47% Simple

12 to 17 [TCTA]n TTTA [TCTA]2  26% Simple

10 to 13 [TCTA]n TCTG TCTA  18% Simple

11.3 to 14.3 [TCTA]n TCA [TCTA]n 5%

7 to 15 [ATCT]n 75% Simple

8 to 14 [ATCT]n 24% Simple

13 to 15 [ATCT]3 ATGT [ATCT]n 2%

CSF1PO 7 to 15 [ATCT]n 99% Simple

8 to 15 [ATCT]n 63% Simple

15 to 22 [ATCT]n ATGT [ATCT]n 34% Simple

23 to 26 [ATCT]n ATGT [ATCT]4 ATGT [ATCT]n 2%

18.3 to 23.3 [ATCT]n ATGT [ATCT]2 ATC [ATCT]n 4%

D7S820 6 to 14 [TATC]n 100% Simple

8 to 16 [TCTA]n 38% Simple

11 to 17 TCTA TCTG [TCTA]n 37% Simple

11 to 18 [TCTA]2 TCTG [TCTA]n 24% Simple

D10S1248 8 to 19 [GGAA]n 99% Simple

5 to 11 [AATG]n 89% Simple

9.3 [AATG]6 ATG [AATG]3 21%

D13S317 8 to 15 [TATC]n 99% Simple

Penta E 5 to 25 [TCTTT]n 99% Simple

D16S539 8 to 15 [GATA]n 100% Simple

9 to 24, 28 [AGAA]n 99% Simple

14, 15 AGAA AGCA [AGAA]n 1%

9 to 17 [CCTT]n CCTA CCTT CTTT CCTT 78% Simple

12.2 to 18.2 [CCTT]n CCTA CCTT TT CCTT 21%

Penta D 2, 3.2, 5 to 17 [AAAGA]n 100% Simple

D22S1045 8 to 19 [ATT]n ACT [ATT]2 100% Simple

D5S818

D6S1043

D19S433

D8S1179

D18S51

TH01

D1S1656

D2S441

25
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COMPOUND 
REPEATS

Consists of two or more 
different repeat sequences

May have nonconsensus alleles

Locus Allele Range Motif Freq Type

15 to 24 [GGAA]n [GGCA]n  56% Compound

19 to 27 [GGAA]2 GGAC [GGAA]n [GGCA]n  42% Compound

18 to 20 [GGAA]n GAAA [GGAA]2 [GGCA]7  4% Compound

11 to 20 TCTA [TCTG]2 [TCTA]n  56% Compound

14 to 20 TCTA [TCTG]3 [TCTA]n  28% Compound

12 to 18 TCTA TCTG [TCTA]n 15%

17 to 29 [GGAA]2 GGAG [AAAG]n AGAA AAAA [GAAA]3  96% Compound

22 to 30 [GGAA]2 GGAG [AAAG]5 AAGG [AAAG]n AGAA AAAA [GAAA]3  4% Compound

16.2 to 25.2 [GGAA]2 GGAG [AAAG]n ‐‐AA AAAA [GAAA]3  2%

11 to 21 [TAGA]n [CAGA]3‐6 TAGA  90% Compound

14 to 15 [TGGA]0,1 [TAGA]3 TGGA [TAGA]3 [CAGA]4 TAGA CAGA TAGA 10% Compound

14 to 27 [AGAT]n [AGAC]n AGAT  80% Compound

18 to 27 [AGAT]n [AGAC]n  16% Compound

17.3 to 19.3 AGAT GAT [AGAT]n [AGAC]7 AGAT  3%

FGA

vWA

D12S391

D2S1338

D3S1358

COMPLEX REPEATS

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

Locus Allele Range Motif Freq Type

26 to 39 [TCTA]n [TCTG]n [TCTA]n TA [TCTA]n TCA [TCTA]2 TCCATA [TCTA]n 76% Complex

28.2 to 34.2 [TCTA]n [TCTG]n [TCTA]3 TA [TCTA]n TCA [TCTA]2 TCCATA [TCTA]n TA TCTA 23% Complex

7, 11 to 23 CT [CTTT]2‐3 c [CTTT]n CT [CTTT]3 CT [CTTT]2 47% Complex

19.2 to 33.2 CT [CTTT]2 [CCTT]1‐3 C [CTTT]n TT [CTTT]n CT [CTTT]3 CT [CTTT]1‐2 39% Complex

D21S11

SE33

27
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CATEGORIES OF FLANKING REGIONS

1. No polymorphisms

2. Polymorphisms Associated with a Sequence Variant

3. Rare polymorphisms

4. Population or Allele Specific polymorphisms

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

6. Multiple polymorphisms in Haplotype

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D3S1358
FGA
D12S391
Penta E
D19S433
D21S11
D1S1656 rs4847015 0.191 0.336 0.311 5 5 4 0

rs11063971 0.044 0.086 0.078 1 1 1
rs11063970 0.044 0.086 0.078 1 1 1
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

D2S441 rs74640515 0.015 0.014 0.067 1 1 2 2
CSF1PO C‐T 36bp 5' ‐ ‐ 0.011 ‐ ‐ 1 1
D8S1179 rs138862078 0.007 ‐ ‐ 1 ‐ ‐ 1
D10S1248 T‐G 2bp 3' ‐ 0.007 ‐ ‐ 1 ‐ 1
D18S51 rs535833682 0.029 ‐ ‐ 3 ‐ ‐ 1
Penta D rs7279663 0.022 0.014 0.011 1 2 1 2
D22S1045 rs190864081 0.007 ‐ ‐ 1 ‐ ‐ 1

rs13422969 0.135 ‐ 0.011 2 ‐ 1
rs115644759 0.022 ‐ ‐ 2 ‐ ‐
rs149212737 ‐ 0.007 ‐ ‐ 1 ‐

TH01 rs79373318 0.148 ‐ ‐ 3 ‐ ‐ 3
rs1728369 0.404 0.171 0.278 4 4 4
G‐A 94bp 5' ‐ ‐ 0.011 ‐ ‐ 1

D2S1338 rs6736691 0.221 0.264 0.300 8 6 4 3
G‐T 4bp 3' 0.316 0.257 0.189 7 5 6
rs25768 0.228 0.257 0.156 5 5 5
rs146841551 0.029 ‐ ‐ 1 ‐ ‐
rs541272009 0.007 ‐ ‐ 1 ‐ ‐
rs9546005 0.309 0.286 0.333 5 4 7
rs73525369 0.066 ‐ ‐ 3 ‐ ‐
rs73250432 ‐ 0.014 0.011 ‐ 2 1
rs146621667 0.015 ‐ ‐ 2 ‐ ‐
4bp del 8bp 3' ‐ ‐ 0.022 ‐ ‐ 2
4bp del 21bp 3' 0.007 ‐ 0.022 1 ‐ 1
rs16887642 0.177 0.050 0.022 4 2 2
rs7789995 0.015 0.164 0.122 2 4 4
rs7786079 0.176 0.021 0.011 5 2 1
1bp del 21bp 3' ‐ ‐ 0.011 ‐ ‐ 1

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

No SNPs

0vWA

SNPs Associated with 

Repeat Region 

Sequence Variant

5D16S539
Single "Old" SNP            
(not population or 

allele specific)

TPOXPopulation / Allele 

Specific SNPs

Rare SNPs

4

16D13S317

D5S818 17

D7S820 15

Multiple SNPs in 

Haplotype

29
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No SNPs were identified 
in the PowerSeq sequenced flanking regions of:

D3S1358 Penta E
FGA D19S433
D12S391 D21S11

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D3S1358
FGA
D12S391
Penta E
D19S433
D21S11

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

No SNPs

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D1S1656 rs4847015 0.191 0.336 0.311 5 5 4 0

rs11063971 0.044 0.086 0.078 1 1 1

rs11063970 0.044 0.086 0.078 1 1 1

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

0vWA

SNPs Associated with 

Repeat Region 

Sequence Variant

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

D1S1656 has one SNP, rs4847015

• Well distributed across populations…

31
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D1S1656 has one SNP, rs4847015

• Well distributed across populations

• Well distributed across STR alleles

• Does NOT increase the number of alleles…

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D1S1656 rs4847015 0.191 0.336 0.311 5 5 4 0

rs11063971 0.044 0.086 0.078 1 1 1

rs11063970 0.044 0.086 0.078 1 1 1

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

0vWA

SNPs Associated with 

Repeat Region 

Sequence Variant

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

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

15.3
16.3
17.3 rs4847015 = T
18.3
19.3

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D1S1656 rs4847015 0.191 0.336 0.311 5 5 4 0

rs11063971 0.044 0.086 0.078 1 1 1

rs11063970 0.044 0.086 0.078 1 1 1

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

0vWA

SNPs Associated with 

Repeat Region 

Sequence Variant

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

33
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Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D1S1656 rs4847015 0.191 0.336 0.311 5 5 4 0

rs11063971 0.044 0.086 0.078 1 1 1

rs11063970 0.044 0.086 0.078 1 1 1

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

0vWA

SNPs Associated with 

Repeat Region 

Sequence Variant

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

vWA has five SNPs

• Four are coinherited

• All four associated with a sequence variant

• Fifth SNP also associated with a sequence 
variant

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

D2S441 D18S51
CSF1PO Penta D
D8S1179 D22S1045
D10S1248

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

D2S441 rs74640515 0.015 0.014 0.067 1 1 2 2

CSF1PO C‐T 36bp 5' ‐ ‐ 0.011 ‐ ‐ 1 1

D8S1179 rs138862078 0.007 ‐ ‐ 1 ‐ ‐ 1

D10S1248 T‐G 2bp 3' ‐ 0.007 ‐ ‐ 1 ‐ 1

D18S51 rs535833682 0.029 ‐ ‐ 3 ‐ ‐ 1

Penta D rs7279663 0.022 0.014 0.011 1 2 1 2

D22S1045 rs190864081 0.007 ‐ ‐ 1 ‐ ‐ 1

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

Rare SNPs

35
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Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

rs13422969 0.135 ‐ 0.011 2 ‐ 1

rs115644759 0.022 ‐ ‐ 2 ‐ ‐

rs149212737 ‐ 0.007 ‐ ‐ 1 ‐

TH01 rs79373318 0.148 ‐ ‐ 3 ‐ ‐ 3

TPOX

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

Population / Allele 

Specific SNPs

4

TPOX: rs13422969 and two additional rare SNPs

Well distributed across Africa, rare elsewhere

TPOX: rs13422969 and two additional rare SNPs

Well distributed across Africa, rare elsewhere

Associated with “9” allele

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

rs13422969 0.135 ‐ 0.011 2 ‐ 1

rs115644759 0.022 ‐ ‐ 2 ‐ ‐

rs149212737 ‐ 0.007 ‐ ‐ 1 ‐

TH01 rs79373318 0.148 ‐ ‐ 3 ‐ ‐ 3

TPOX

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

Population / Allele 

Specific SNPs

4
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D16S539:  rs1728369 and one additional rare SNP

Well distributed across populations and alleles

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

rs1728369 0.404 0.171 0.278 4 4 4

G‐A 94bp 5' ‐ ‐ 0.011 ‐ ‐ 1

D2S1338 rs6736691 0.221 0.264 0.300 8 6 4 3

5D16S539
Single "Old" SNP            

(not population or 

allele specific)

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

D5S818:  
rs73801920
rs25768

two additional rare SNPs

                        

Category Locus rs Number
African 

American
Caucasian Hispanic

African 

American
Caucasian Hispanic

G‐T 4bp 3' 0.316 0.257 0.189 7 5 6
rs25768 0.228 0.257 0.156 5 5 5
rs146841551 0.029 ‐ ‐ 1 ‐ ‐
rs541272009 0.007 ‐ ‐ 1 ‐ ‐
rs9546005 0.309 0.286 0.333 5 4 7
rs73525369 0.066 ‐ ‐ 3 ‐ ‐
rs73250432 ‐ 0.014 0.011 ‐ 2 1
rs146621667 0.015 ‐ ‐ 2 ‐ ‐
4bp del 8bp 3' ‐ ‐ 0.022 ‐ ‐ 2
4bp del 21bp 3' 0.007 ‐ 0.022 1 ‐ 1
rs16887642 0.177 0.050 0.022 4 2 2
rs7789995 0.015 0.164 0.122 2 4 4
rs7786079 0.176 0.021 0.011 5 2 1
1bp del 21bp 3' ‐ ‐ 0.011 ‐ ‐ 1

D7S820 15

Multiple SNPs in 

Haplotype
16D13S317

D5S818 17

Minor Allele Frequency Number of Associated STR Alleles Alleles Gained 

with Flanking 

SNPs

Well distributed across 
populations and alleles

39
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*[AGAT]n[ACAT][AGAT]

41
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EXERCISE 1

HISTORICAL 
NOMENCLATURE

45
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1991 
Early paper with nomenclature info

Locus Name: based on GenBank locus designations 

• e.g. HUMHPRTB

Motif: lowest alphabetical representation of the STR 

• e.g. GATA > AGAT

• TH01!!!

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

1997 
DNA recommendations of the ISFH

A common nomenclature for STRs 
is a prerequisite for 

interlaboratory reproducibility and for
the exchange and comparison of data. 

For many loci there has been 
an enormous increase of information 

about sequence and substructure 
which has repeatedly raised questions 

relating to nomenclature.

47
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1997 
DNA recommendations of the ISFH

Strand

• protein coding genes or pseudogenes: use coding strand 

• no connection to coding genes: sequence originally 
described in literature or 1st public DB entry

Motif (unless already established):

• 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.

1997 
DNA recommendations of the ISFH

Allele Numbering for non-straightforward loci

• If sequence variation is present, use full number of 
repeats including variation

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

• Example D21S11

repeats length relation
27 213bp 27x4+105*=213
31 229bp 31x4+105*=229
33.2 239bp 33x4+2+105*=239

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

“Authors should follow these recommendations and state they did so.”
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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

• e.g. [GATA]n [GACA]2 [GATA] = n+2+1

If repetitive motifs are not adjacent and have ≤3 units and 
show no variation, they should not be included

• e.g. [GATA]n [GACA]2 N8 [GATA]3 = n+2

• If N ≤ 4 nt, include

• If N >4 nt, exclude

2006 
Recommendations of the ISFG

Indels within repeat are counted

e.g. [CTTTT]8 C [CTTTT]3 = 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]6… = U9Adel

e.g. …[TATC]6TTTTTTT-GC  = D9Tdel
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Indels within repeat are counted

• e.g. [CTTTT]8 C [CTTTT]3 = 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]6… = U9Adel

• e.g. …[TATC]6TTTTTTT-GC  = D9Tdel

2006 
Recommendations of the ISFG

2016 
Considerations of the ISFG

Consideration 1: 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.
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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. 
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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.
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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.
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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
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Primarily:

[AGAT]6-18 [AGAC]4-11 [AGAT]0-1

~5% Europeans:

AGAT GAT [AGAT]8-10 [AGAC]7 AGAT 

D12S391
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Allele Repeat Region Sequence A C G T MW delta if F is labeled
Sample 1 19.3 AGAT GAT [AGAT]10 [AGAC]7 AGAT 39 7 20 13 10709.93
Sample 2 20 [AGAT]13 [AGAC]6 AGAT 40 6 20 14 10860.08 150.15 easier
Sample 3 20 [AGAT]12 [AGAC]8 40 8 20 12 10830.04 120.11 harder

Single Source samples show varying levels of 1bp resolution:

This has implications for validations and mixture analysis:

STRBase & STRSeq

67

68



2/13/2020

35

STRBase
Short Tandem Repeat DNA Internet DataBase
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STRSeq
The STR Sequencing Project

71

72



2/13/2020

37

STRSeq:

Inception
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2016 2017Aug Sep Oct Nov Dec Jan Feb Mar Apr

NCBI receives 
inquiry

NIST‐NCBI 
exploratory
meeting

NIST‐NCBI agree 
to move forward

Partners 
determined

First 
STRSeq
records 
released

Feedback Development

May Jun Jul Aug

NIST‐NCBI 
planning
meeting

Planning

ISFG EB Support
NIST announces 
initiative at AAFS

Timeline

Submission

Partnership
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Population Samples
Project Coordination
Record Submission

Population Data
Project Input

Project Input
STRidER Integration

Project Input
Hosting

Partners-Roles

1786
ForenSeq

+

CE 
supporting
data

650 
PowerSeq

1043
ForenSeq

+
CE 

supporting
data

839
ForenSeq

944
ForenSeq

STRSeq Samples

77

78



2/13/2020

40

STRSeq Samples

Aggregate alleles from 4612 samples

NIST - 105

UNT - 80 USC - 96
KCL - 96

D12S391 Alleles by Lab
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https://www.ncbi.nlm.nih.gov/bioproject/380127
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STRSeq in Bioinformatics

STRSeq in Population Data

STRSeq
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STRSeq in Casework

FAQs: 

How do you decide which loci to include?

Why do some loci not have records yet?

Where does the data come from?

Where are the allele frequencies?

Can I send you a sequence?
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EXERCISE 2
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COFFEE BREAK 
meet back in 30 minutes

NEW IDEAS IN 
NOMENCLATURE

SID & STRNaming
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EXERCISE 3

STRAND WG Efforts
&

WRAP UP
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Borsuk        Phillips         Ballard
King           Gettings       Bodner          Parson

Our mission is to harmonize related efforts across member laboratories: 

► STRidER STR sequence quality control

► STRSeq catalog of sequences

► STRaitRazor bioinformatic freeware

► Forensic STR Sequence Guide

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

STRAND working group
align|name|define
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Figure 2

STRAND working group
align|name|define

► STRait Razor Agnostic Freeware

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

strider.online

STRAND working group
align|name|define
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STRAND working group
align|name|define

► Forensic STR Sequence Guide

STRAND working group
align|name|define
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► Forensic STR Sequence Guide

STRAND working group
align|name|define
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STR Nomenclature Meeting
Formats for STR Sequences

► Short Designator

► Bracketed Repeat

► Full String

Sascha Willuweit
Charité Medical University

STR Nomenclature Meeting
Formats for STR Sequences

Short Designator

Adapted from Table 2

Adapted from Figure 1
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STR Nomenclature Meeting
Formats for STR Sequences

Short Designator

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[10]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]_‐24G>A

CE12_TATC[13]AATC[1]ATCT[3]_‐25C>T

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

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

Option Description Example
Requires 

Range

Requires 
Reference 
Genome

Requires InDel
Alignment 

Parameters

1
Report differences relative 
to a reference genome

Chr5:123775552:C>A Yes Yes Yes

2
Report differences relative 
to repeat region

+4C>A Yes Sort of Yes

3
Report rs number and 
change

rs73801920 C>A Yes No, but No

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) is 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.”
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STR Nomenclature Meeting
Defined Coordinates

STR Nomenclature Meeting
Defined Coordinates

Supplementary File - 24 auSTRs

PowerSeq 46GY GeneMarker NGS Range
ForenSeq DNA Signature Prep Kit UAS Flanking Region Report Range
Precision ID GlobalFiler NGS v2 Converge .bed file range
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STR Nomenclature Meeting
Forensic Specific Reference

► Advantages
► Elimination of rare SNP alleles 

in STR flanking regions, 
incorporation of known 
insertions

► Stability, the forensic 
community would control 
changes/updates

► Ability to create repeat 
regions most representative 
of worldwide populations, or 
representative of maximal 
complexity

► Disadvantages
► Significant effort would be 

required for curation, 
maintenance, version 
control, and enforcement of 
general use within the 
forensic community

► Duplication of existing 
effort/infrastructure

► Impact on established 
bioinformatic methods

rs25768 GRCh38 allele A

Our mission is to harmonize related efforts across member laboratories: 

► STRidER STR sequence quality control

► STRSeq catalog of sequences

► STRaitRazor bioinformatic freeware

► Forensic STR Sequence Guide

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

STRAND working group
align|name|define

111

112



2/13/2020

57

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

STRAND working group
align|name|define

QUESTIONS?

enjoy your week at the 
28th ISFG in Prague

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