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Outline of Topics to Discuss

 Need for additional loci
— Growth in U.S. and other national DNA databases

 Locus characteristics

* Population data and statistical analysis

* New STR kits available with additional loci

— GlobalFiler (Life Technologies)
— PowerPlex Fusion (Promega)



Need for Additional Loci



Additional STR Loci In the Future?

* More loci will be needed for more complex
kKinship analyses and extended applications

— Example: Y-STRs needed for familial searching

* Immigration testing needs more than 13 STRs

« Larger DNA databases will require more loci

— CODIS database currently has 11.5 million profiles
and it continues to quickly grow



Possible scenarios for extending sets of genetic
markers to be used in national DNA databases
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Position of Forensic STR Markers on
_ Human Chromosomes
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29 Autosomal STR Markers

Present in Commercial STR Multiplex Kits

13 CODIS loci
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Letter to the Editor

Expanding the CODIS core loci in the United States

Dvar Edwor

Aer over a decade of eperation, the National DNA Tidex
System ( NDIS | continues to grow in importance and size [ 1] While
the STR DNA technology has remained relatively consestent, ot her
Key aspects of the NDIS program have Dbeen reevaluated amd
revisions Implemented. For example, based vpon recommenda-
tions af the Sclentific Warking Group on DNA Analysis Methods
the Director of the Federal Bureau of [nvestigation (FBI) issued
rewserd Chaality Acuranee Stanilends (OAS) T Faremie DNA

major reasons for expaling the CODIS core loct in the United

States

{1) To reduce the likelihood of adventitious matches [7] as the
number of profiles stored at NDIS continues to increase each
vear (expected to total over 10 million profiles by the time of
this publication). There are o signs that this wend will
slow down & States expand the coverage of their DNA
database programs and mcrease laboratory efficency and
Capacity.

[2) To Increase international compatibiliny o xssist law enforce-
ment data shanng efons

3) To ncrease discrmination powes to did missing persons cases

Hares, D.R. (2012a) Expanding the CODIS core loci in the United States. Forensic Sci. Int. Genet. 6(1), e52-4.

Forensa Soence International: Genetcs 6 [ 2012) e135

Contents lists available st SciVerse ScienceDirect

Forensic Science International: Genetics

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

Letter to the Editor

Addendum to expanding the CODIS core loci in the United
States

Dear Editor,

An important objective in proposing new CODIS core loci is to
ensure that all loci would be available for all potential manu
facturers, Durning the evaluation process, approprate steps were
taken to document access to all proposed core loci. Since

publication of the proposed list of core loci, additional information
has come to our attention indicating that there may be outstanding
issues with respect to some of the proposed locl. Consequently, to
ensure the availability for all interested manufacturers in
accordance with our stated objective, we are withdrawing Penta
D and Penta E as proposed CODIS core loci and recommending the
revised listing of core loci in Table 1. Manufacturers are still
encouraged o attempt loci in Section B, in ranked order of
preference, for inclusion in potential kits provided the impact on
the kit's sensitivity and overall performance is neghigible, Please

Hares, D.R. (2012b) Addendum to expanding the CODIS core loci in the United States. Forensic Sci. Int. Genet. 6(5), e135.



Required and Recommended
CODIS Core Locl

Table 1

Revised ranked list of CODIS core loci.

Locus

| Section A (required) | Req uired Loci

Amelogenin
D18S51
FGA
D21S11
D8S1179
VWA
D13S317
D16S539
D7S820
THO1
D3S1358
D5S818
CSF1PO
D2S1338
D195433
D1S1656
D12S391

D25441
[nomzfir,/”
DYS391

Penta D and Penta E were
removed from this list in
the addendum

Y-STR to confirm Amelogenin null alleles

| Section B (in order of preference] Recommended Loci

TPOX
D2251045
SE33

No longer required




Commercially Available STR Kits

Applied Biosystems (18) Promega Corporation (17) Qiagen (10) kits in 2010

* —AmpHEISTR Blue (1996)- . powerPlex 1.1 (1997) Primarily selling kits in Europe
. AmpEISIR Green | (3991) .  PowerPlex 1.2 (1998) Due to patent restrictions

. Profiler (1997) cannot sell in U.S.

« Profiler Plus (1997) © PowerPlex 2.1 (1999) Bl L

. COfiler (1998) « PowerPlex 16 (2000) - ESSplex

. SGM Plus (1999) « PowerPlex ES (2002) - ESSplex SE

- Identifiler (2001) * PowerPlex 'Y (2003) - Decaplex SE

«  Profiler Plus ID (2001) « PowerPlex S5 (2007) * IDplex

« —SEfiler{2002)— * PowerPlex 16 HS (2009) . Nonaplex ESS

« Yfiler (2004)  PowerPlex ESX 16 (2009) . Hexaplex ESS
* MiniFiler (2007)  PowerPlex ESX 17 (2009) . HDplex

*  SkEfiler Plus (2007) + PowerPlex ESI 16 (2009) . Triplex AFS QS
* Sinofiler (2008) —cChinaonly o powerPlex ESI 17 (2009) Triplex DSF

« Identifiler Direct (2009) PowerPlex CS7 (2009) . Argus X-12

. NGM (2009) .
. Identifiler Plus (2010) PowerPlex 18D (2011)

. NGM SElect (2010) PowerPlex Y23 (2012)

- GlobalFiler (2012)  PowerPlex 21 (2012)
« PowerPlex Fusion (2012)

>1/3 of all STR kits were released in the last four years



Most Commonly Used STR Kits in the U.S.

29 STR Loci
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NIST U.S. Population Samples



NIST 1036 U.S. Population Samples

1032 males + 4 females Unrelated samples
— 361 Caucasians (2 female) All known or potential related individuals
— 342 African Americans (1 female) (based on autosomal & lineage marker testing)
— 236 Hispanics have been removed from the 1036 data set
_ 97 Asians (1 female) (e.g., only sons were used from father-son samples)

Anonymous donors with self-identified ancestry
— Interstate Blood Bank (Memphis, TN) — obtained in 2002
— Millennium Biotech, Inc. (Ft. Lauderdale, FL) — obtained in 2001
— DNA Diagnostics Center (Fairfield, OH) — obtained in 2007

Complete profiles with 29 autosomal STRs + PowerPlex Y23
— Examined with multiple kits and in-house primer sets enabling concordance

Additional DNA results available on subsets of these samples
— mtDNA control region/whole genome (AFDIL)
— >100 SNPs (AIMs), 68 InDel markers, X-STRs (AFDIL)
— NIST assays: miniSTRs, 26plex, >100 Y-STRs, 50 Y-SNPs

Data available on STRBase: http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm



Benefits of NIST 1036 Data Set

 Elimination of potential null alleles due to primer
binding site mutations through extensive concordance
testing performed with different PCR primer sets from all
available commercial STR Kkits

 Ancestry testing performed on DNA samples with
autosomal SNPs, Y-SNPs, and mtDNA seguencing to
verify self-declared ancestry categorization

« Related individuals removed based on Y-STR and
MtDNA results



Concordance Testing at NIST



STR Kit Concordance Testing

« Many of these STR kits have different primer
sequences for amplifying the same STR locus

* Need to analyze the same DNA samples with
different STR typing kits looking for differences

* In some rare cases, allele dropout may occur
due to mutations in primer binding regions



Purpose of Concordance Studies

When different primer sets are utilized, there is a
concern that allele dropout may occur due to primer

binding site mutations that impact one set of primers but
not another

% represents potential mutations impacting primer annealing

PCR primer PCR primer Use_of non-oyerlapplng primers
set 1 set 2 permits detection of allele dropout
#
* I I I I I I ]
STR repeat region ; D o
PCR primer
PCR primer set 2
setl
If no primer binding site mutations If a primer binding site mutation exists

M= AL Mo# L

Set 1 Amplicons  Set 2 Amplicons Set 1 Amplicons  Set 2 Amplicons



Example Primer Binding Site Mutation
that Causes a Null Allele

Identifiler = 14,14 PP ESX 17 =13,14 PP ESI17=13,14
Dropout ofJL M
allele 13
PHR =11.9% PHR = 92.8% PHR =98.7%
G2>A
- SNP
D195433 repeat region ‘

gg aaaglaag gtaggaaggaaggaaggaagtaagtaaggaaggaaggaaggaaggaaggaagdagagaggaag a:ﬁg agagaag atttttattcgggtjat
X

This region could potentially
represent where the reverse
primer is located to include the

primer binding site mutation
*Applied Biosystems does not publish
their primer sequences



— —
Kits compared _|Samples |Loci Compared |Comparisons | Diff ance (%)
1DISGH 1424 1 15,664 1 99,904
IDIPro+ 1415 10 14,150 1 99.993
1D/IDplex 1426 16 22816 2 99,873
IDIPP1G 662 14 0,268 4 00,057
IDIMiniFiler 1137 9 10233 2 90.746
IDING! 1437 1 15807 3 99,981
IDINGMs. 663 u 7,203 o 100.000
ID/ESX17 1443 1 15873 5 9,961
IDIESIL7 1483 u 15873 4 99,075
ID/ESSplex 1433 u 15,763 28 s0.822
IDIESSplexSE 662 u 7.282 1 99.767
IDIHexaplex 653 2 1,306 1 00,023
PPIG/SGM+ 651 9 5859 1 99.983
PP16/PIOF 647 10 6470 2 99.969
PP16/IDplex 657 14 0,198 3 90.967
PPIGIMIniFiler 656 8 5248 14 99.733
NGH 657 9 5913 3 0,049
PL6INGMSs. 662 9 5958 1 99.983
PP16/ESX17 662 9 5958 1 9,98
PPIGIESILT 662 9 5958 o 100.000
PPIG/ESSplex 653 9 5877 16 9721
PPIGIESSplexsE | 662 9 5,958 16 90,731
PP16/Hexaplex 53 2 1.306 1 9.923
SGM+f 1415 7 9,905 0 100.000
SGM+/IDplex 1424 u 15,664 5 99.968
SGM+/MiniFiler | 1137 6 6822 10 99,853
SGMHNGM 1424 u 15,664 4 9.974
M#INGMSs. 51 u 7,161 o 100.000
SGMHESX17 1424 1 15,664 6 9.96:
SGMH/ESILT 1424 u 664 5 99.968
SGMH/ES: 1424 1 15,664 5 99.968
SGM+/ESSplexSE | 651 1 7,161 5 99,030
SGM+/Hexaplex | 651 2 1302 1 99.923
Pro+/IDpi 1415 10 14,150 5 99,965
Pros/MiniFiler 1137 6 6822 16 99.765
0N 1415 7 2,905 4 9.960
10+NGMs 7 7 4529 0 100.000
Pro+ESXLT 1415 7 2,905 4 9,961
JESIL 1415 7 9,905 3 99,970
Prov/ESS 1415 7 2,905 4 99.960
Pro+/ESSplexSE 7 7 4,529 4 99,912
ProtHexaplex 7 1 647 1 99,845
IDplexiMiniFiler | 1137 s 10233 48 0531
IDpleXNGI 1426 1 15,686 20 99,809
1DplexXINGMs 657 1 7,221 17 99,765
IDpleXESX1T 426 u 15,686 28 se.821
IDpleXESILT 1426 1 15,686 27 99,628
IDplex-ESS. 1426 u 15,686 1 00,904
IDpleESSplexsE | 657 u 7,221 1 99.986.
IDplexHexaplex | 653 2 1.306 1 99,923
MinFiler/NG! 1137 6 6822 13 0.800
MinFilerINGMs 56 6 3936 10 99.746
MinlFilerESX17 | 1137 6 6822 10 99.853
MinFilerESiL7 | 1137 6 6822 ) 0.868
MiniFiler/ESS 1137 6 6822 35 99.487
MiniFiler/ESSplexSE | 656 6 3,93 35 s0.111
MinFilerHexaplex | 653 1 653 1 99,847
NGMINGMs 57 16 10512 14 99,867
NGM/ESXL? 1437 1 22,902 16 90.930
NGM/ESI17 1437 16 22,902 18 99.922
NGMIESS 1433 16 028 42 00,817
NGM/ESSplexSE | 657 1 10512 2 90.791
NGMiHexaplex 653 7 4571 9 99,803
NGMS/ESXL7 662 17 11,250 4 90.964.
NGMS/ESIL7 662 17 11,250 14 99,876
S/E: 653 16 10,448 17 00,837
NGMS/ESSplexSE | 662 7 11,250 34 90.698
(GMs/Hexaplex | 653 7 4571 3 99,934
ESX17/ESI1T 1483 17 24531 10 00,023
17/ 653 16 10,448 34 99,675
ESX17/ESSplexSE | 662 7 11,254 2 00,778
ESX17MHexaplex | 657 7 4,59 6 0.870
SIL7/ES: 653 16 10,448 28 99.732
ESIL7/ESSplexSE | 662 17 11,254 20 00,733
ESil7/Hexaplex | 657 7 4,59 3 9.935
ESSIESSplexsE | 653 16 10448 0 100.000
S/Hexaplex 653 7 4571 3 9.9
ESSplexSE/Hexaplex | 653 7 4571 3 99,934
1483 1 1443 6 00584
SE3YESILT 1443 1 1443 17 oB.822
3 663 1 663 4 99,397
SESYESSplesSE | 662 1 662 2 %6.828
ESIL7p/ESX1] an 17 8109 7 99.914.
ESIL7pINGMs an 17 8,109 2 99,075
ESILTp/ESSplexSE | 477 17 8,109 a2 s0.482
ESIL7pISE33 an 1 a7 4 99.161
PP1ED/ID 50 16 800 2 90,750
PP1EDIPPIS 703 15 11,28 1 99.991
ESXI7YESXL7 | 1443 17 24531 4 99.984
ESXITESUTp | 477 17 8109 3 90,963
171 1437 16 22992 2 99.904
ESXL7YINGMs 663 17 11271 4 99,965
X17'/ESS 1433 1 22028 20 99.869
ESXITYESSplexSE | 662 17 11254 a4 99,609
ESX17'Hexaplex | 653 7 4571 2 90,956
26plex/ESX17 1443 3 4329 4 99.908
26plexiESI17 443 3 4329 [ 100.000
26plexINGM 1437 3 4311 u 745
26plexINGMs 63 3 1989 [ 100,000
26plex/ESS 1433 3 4299 o 100.000
26plex/ESSplexSE | 662 3 1986 o 100.000
26plexHexaplex | 653 3 1959 2 9,80
26plex/ESXLT* 663 3 1089 o 100.000
mNSTRS/ESX17 | 663 3 1989 3 9,849
MINSTRS/ESIL7 | 663 3 1089 o 100.000
miniSTRSINGM | 657 3 1971 3 90.848
miNiSTRSINGMs | 663 3 1089 0 100.000
inISTRS/ESS 53 3 1059 o 100.000
MinSTRS/ESSplexSE| 662 3 1986 0 100,000
miniSTRs/Hexaplex | 653 3 1959 2 20,808
miNSTRS/ESXIT | 663 3 1089 o 100.000
PP21*/denifler | 761 16 12176 6 99.951
PP211/PP16 761 16 12176 3 0,075
PP2U/SGM+ 761 1 8371 4 99,952
PR2LPr 761 10 7610 2 99,974
PP21/IDple 761 15 12176 20 00.836
PP2UMINiFiler 761 ) 6849 14 99,796
1/ES) 761 13 893 1 99,990
PP2UESIT 761 13 9893 o 100.000
PP2UNGM 761 13 9893 5 9,94
PP2UNGMSs 568 13 7384 1 0.986
PP2UESS 61 13 9893 18 99,818
PP2U/ESSplexsE | 568 13 7384 16 00,783
UHexaplex | 568 a 22712 1 90.956.
PR2U/Sinofler 568 16 9088 1 99.989
PP21nkildentifler | 639 16 10224 4 00,961
PP21nkIPP16 639 16 10224 1 99.990
——
Totals 114144 1245 1.104.031 1224 55,889
m—

Completed Concordance Studies

Kits compared |Samples|Loci Compared |Comparisons |# Differences | Concordance (%)

114144 1,104,031

1,104,031 allele comparisons
1,224 total differences
99.89% concordance

Kits (except Identifiler) were kindly provided by Promega,
Qiagen and Applied Biosystems for concordance testing
performed at NIST



Final Concordance Results

Warker Kits ith Carrect Genotype FRits | COMCL i i Nul AllleDiscordant Genatype | ™20 Tote Sequence ssue
compared| Type 7
Amel | DESKITESILTPPIGNTIFTaProF/SONHESSESSyIeSEIDexNGHSRerapiex XY NG VetTo b detemined
Amel B | xy W yettobe detemined
Amel IDIESKITIESITIPro+/SGM+ESSIDplex 8 | xy NG yettobe detemined
Anel ESSESSlexSENDpledHoralex call 1| XY | DMFTESITESKITPPIENGUNGHSISGHHPP1SD yettobe determined
csFPO PPIGMANIFilerIDplexPP1SD Deal Lbpinsin 1D amplicon auside o PP16 and MniFierprmers (2
CsFPO DIMiFilrDplexPP1ED PP15 call CIT SNP 16 0 ds from repeat
D1si22s ESKITIESI1TNGMNGHSIESSEESSplexSE Hexaplex 1T SNP 24 bp ds from repeat
D1st228 ESKITIESILTNGUNGHSIESSEESSplexSE Hexaplex 1T SNP 24 bp ds from repeat
ous7 Pro+IDIPPL6IDplex MiiFiler 4bp deln the rev MiiFile prmer binging it (2]
o1ssay? Pro+IDIPPLGIDplex MiiFiler 4bp deln the rev MiiFile prmer binding it (2]
o157 Pro+/DIPPIGIDplex MinFiler 4bp deln the rev MiiFile prmer binding it (2]
o1ss37 Pro+/DIPPLGIDplex MiiFiler 4bp de i the ev MniFiler primer binding site 2
oLs37 Pro+HDIPPLGIDplex MiiFiler 4bp de i the ev MniFiler primer binding site 2
ey Pro+IDIPPL6IDplex MiiFiler 4bp de i the ev MniFiler primer binding site 2
oLss37 Pro+IDIPPL6IDplex MiniFiler 4bp de i the ev MniFiler primer binding sie 2
ouss Pro+IDIPPL6IDplex MiiFiler 4bp deln the rev MiiFile prmer binding it (2]
ouss Pro+IDIPPL6IDplex MiiFiler 4bp deln the rev MiiFile prmer binging it (2]
ous7 Pro+IDIPPLGIDplex MiiFiler 4bp deln the rev MiniFile prmer binging it (2]
o1ssan? Pro+/DIDplex MinFiler 4bp deln the rev MiiFile prmer binding it (2]
oS3 Pro+DIDplex MinFiler 4bp deln the rev MiniFile primer binding it (2]
o1s37 Pro+IDIDplex MiiFiler 4bp de i the ev MniFiler primer binding site 2
oBs317 Pro+/DIDplex MiiFiler 4bp de i the ev MniFiler primer binding sie (2
0165539 Esk17 yeto be defermined
0165539 ID/MiiFilr/ESI1TESKLTIPPISNGUNGNSISGH+/Dplex ESSESSplerSE CI6 SNP 10 bp us fom repeat
D153 IDESKI MiiFiler AIG SNP in MiniFiler primer binding st [2
D153 IDESK1 MiiFiler G SNP in MiniFiler primer binding st [2
D16S53 IDESK1 MiniFiler G SNP in MinFiler primer binding st [2
0165539 DIESKITIESITNGHSGM+ESSIDplex MiiFiler AIG SNP in MiniFiler primer binding ste[2)
0165539 IDIESKLTIESITNGHSGM+ESSIDplex MiiFiler AIG SNP in MinFiler prmer binding site 2
0165539 IDIESKLTIESILTNGISGMHESS/Dplex MiiFiler AIG SNP in MinFiler prmr binding st 2]
D155 IDIESKLTIESILTNGISGM+ ESS/Dplex MiiFiler AIG SNP in MiniFiler primer binding st [2
0165539 IDJESLTIESITNGISGMH ESS/Dplex MiiFiler AIG SNP in MiniFiler primer binding site [2
D1S539 DIESXLTIESITNGHSGUH ESS/Dplex MiiFiler AIG SNP in MiniFiler primer binding site [2
D185 ESXITIESIIPP1SNin it ESSIESSplexSE/Dplex DINGHNGHS/Pro+/SGHs GIASNP 172bp ds rom repeat
DS ESKITESITT IDINGMSGMHESS/Dplex GIASNP 32bp ds from repeat
D105433 ESKITESILT IDINGMSGHESSIDplex GIASNP 3207 ds from repeat
DIS1656 ESITTINGMESSplex CIT SN 30bp us from repeat
Dazsioss miniSTRIZZpIeNGHSIESI1TESS ESSplexSEHeraplex ESKITNGH* GIT SNP 15 b us from repeat
Dazsioss miniSTRIZ3pIeNGHSIESI1TESS ESSplexSEHeraplex ESKITINGH" GIT SNP 15 bp us from repeat
Daasioss miniSTRIZ3pIeXNGHSIESI1TESS ESSplexSE Hexaplex ESKITINGH: GIT SNP 15 bp us from repeat
Dazsioss 23pledESITNGISIESS ESKITINGH: GIT SNP 15 bp us from repeat
o251 PRI D A SNP 174p s from repeat
D2st ESKITIESILTIZ3eXESSNGHS NG Ains adjacentto the 5 end of reeat
D2st ESKITESII3eXESSINGNS NG Ains adjacentto the 5 end of repeat
Dasi1 ESKITIESI1TI23eXESSNGHS NG Ains adjacent o the§ end of epeat
D2su ESKITIESI1I23pleXESSINGNS NG Ains adjacentto the 5 end of repeat
Dasi ESXITIESI1I23pleXESSINGNS NG Ains adjacentto the ' end of repeat
D2sut ESXITIESILT23penESSINGNS NGH: Ains adjacent 0 the 5 end of repeat
Dasist ESKITIESILT23pleXESSINGNS NGH: Ains adjacent o the 5 end of repeat
D313 ESKTIESILTESS Dplex DINGHPro+/SGH- GIC SNP 12bp us from repeat
075820 Pro+D PPIGMNIFerDplex 5bp del114bp b fom repeat
0851179 DJESKITIESI1TNGMESSIDplex Pr0+ISGH G SNP 15 bp us fom repeat
SEB ESKITIESHTNGHSIESSploxSE SE33 Monoplex (SE39) CIT SNP 110 bp us from repeat
sen ESKITIESI1TNGHSIESSDlerSE SE33 Monoplex (SE33) CIT SN 110 bp us from repeat
st ESKITIESILTNGHSIESSploxSE SE83 Monoplex (SE53) CIT SN 110 bpus from repeat
st ESKITIESILTNGUSIESSploxSE SEX3 Monoplex (SE53) CIT SNP 110 bpus from repeat
sem s ESKITESILTESSplexSE TG del28bp s rom repeat
sen SERINGHS £k CIT SNP 601p ds from repeat
sen SERANGHS ESIT/ESSpleSE CIT SNP 60bp ds from repeat
s SERUESKITINGHS ESIITESSplocSE 1A SNP 68 bp s o the epeat
sen SERUESKITINGHS ESIITESSploxSE GIA SNP 68 bp s o the epeat
SEB SERUESKITINGHS ESIITESSploxSE GIASNP 68bp s o the epeat
E=3 SERUESXITINGYS ESIITESSploxSE GIASNP 68 bp s fam the epeat
sen SERIESKITINGHS ESIITESSploxSE GIASNP 68 bp s fam the epeat
sem SERIESKITINGHS ESIITESSplocSE GIASNP 68 bp s fam the epeat
sem SERIESKITINGHS ESIITESSploxSE GIASNP 68 bp s fam the epeat
sen SERUESKITINGHS ESIITESSplexSE /A SNP 68 bp s fam the epeat
sen SEIYESKLTINGHS ESIITESSplocSE GIASNP 68bp s o the repeat
s SERUESKITINGHS ESIITESSplocSE GIASNP 68 bp s o the epeat
SEB SERUESKITINGHS ESIITESSploxSE GIASNP 68bp s fom the epeat
E=3 ESXTESILISERINGHS EssploisE AARA del 85 bp usof the repeat
st ESKTESILISERINGHS EssplocsE AARA del 85 bp usof the repeat
sen ESXTESILTISERINGHS EsSplocSE AARA del 8 bp us o the repeat
sen ESKITESILTSERINGHS EssplesE AAAA del 85 bp usof th repeal
THoL DM File ESILTIESKLTPPISNGHNGYSISGHs Herplex ESSpleXESSplexSEDplex GIASNP 37 bp ds rom the repeat
WA DIV FilerESILT/ESKLTPPIGNGMNGHSISGH+ ESSESSple(SEIDplex ATCCATCC del 4bp dsfrom repeat
VWA IDMNFrESILTESXITIPPLSNGHNGNSISGHé- ESSEESSplexSEIDplex ATCCATCC del 4 bp s fom repeat
WA IDMNFirESILTESX1TIPPLSNGUNGNSISGHE- ESSEESSplexSEIDplex ATCCATCC del 4 bp s fom repeat
VA IDMNFilrESILTESXITIPPISNGUNGNSISGH ESSEESSplexSEIDplex ATCCATCC del 4 bp s fom repeat
VA IDMNFilrESILTESXLTIPPLSNGMNGNSISGH ESSEESSplexSEIDplex ATCCATCC del 4bp s fom repeat
WA IDMNFilrESILTESXLTIPPLSNGMNGNSISCHE ESSESSplexSE/Dplox ATCCATCC del 4bp s fom repeat
WA IDMNFilrESILTESXLTIPPLSNGMNGNSISCHE ESSESSplexSE/Dplex KTCCATCC del 4bp s fom repeal
A IDMNFilr ESILTESXLTIPPLSNGMNGNSISCHE ESSIESSplexSE/Dplex ATCCATCC del 4bp s fom repeal
WA IDMNFilrESILTESXLTIPPLSNGMNGNSISGHE ESSESSplexSE/Dplex ATCCATCC del 4bp s fom repeal
WA DIV FilerESILTESKLTPPIGNGMNGHSISGH: ESSESSple(SE/Dplex ATCCATCC del4bp s fom repeat
WA IDMNFlrESILTESXLTIPPLSNGUNGNSISGHé- ESSEESSplexSEIDplex ATCCATCC del 4 bp s fom repeat
VA IDMNFilrESILTESXLTIPPLSNGUNGNSISGH ESSEESSplexSEIDplex ATCCATCC del 4 bp s fom repeat
VA IDMNFilrESILTESXLTIPPLSNGUNGNSISGHE ESSESSplexSEDplex ATCCATCC del 4 bp s fom repeat
WA DIMFIrESI1TESKLTNGMSGH ESSiDplex ATCCATCC del 4 bp s fom repeat
WA DIMFir ESIITESKLTNGMSGHE ESSiDplex ATCCATCC del 4bp s fom repeal
WA DIMFir ESIITESKTNGMSCH: ESSiDplex ATCCATCC del 4bp s fom repeal
WA D/MiFir ESIITESXLTNGMSGH: ESSDplex ATCCATCC del 4bp s fom repeal
WA DIViniFilrESITESKLTNGMSGH: ESS/Dplex ATCCATCC del4bp ds from repeat
A DIMFIErES 1TESKITNGMSGH EsSiDplex ATCCATCC del 4 bp s fom repeat
WA DIMFIErES 1TESKITNGMSGH EsSiDplex ATCCATCC del 4 bp s fom repeat
VWA DIMFIEES 1TESKTNGMSGH EsSiDplex ATCCATCC del 4 bp s fom repeat
VWA DIMFIrESI1TESKITNGMSGH ESSiDplex 118 | 780 ATCCATCC del 4 bp s fom repeat

 All up-to-date results
an be found on

STRBase:

— ISFG poster (Vienna, Austria),
8/31-9/2, 2011, "Concordance
Testing Comparing STR
Multiplex Kits with a Standard
Data Set”

— Promega ISHI (National
Harbor, MD), 10/4-10/5, 2011,
'‘Concordance Testing
Comparing STR Multiplex Kits
with a Standard Data Set”




Characterization of STR Locl
Avalilable in Commercial Kits



The 10 STR Loci Beyond the CODIS 13

Location Repeat Allele
Locus Motif Range* AIIeIes*

D2S1338 2035 TGCC/TTCC 10 to 31

D19S433  19g12 AAGG/TAGG 5.2 to 20 36
PentaD 21g22.3 AAAGA 1.1t0 19 50
PentaE 15026.2 AAAGA 5to 32 53

s( 1042 TAGA 8 to 20.3 25
s| D12S391 | 12p13.2 AGAT/AGAC 13 t0 27.2 52
S| D2s441 | 2pl4  TCTATCAA 81017 22
= | D10S1248 | 10926.3 GGAA 7t0 19 13
c\D22s1045) 22q12.3 AT 7 to 20 14
SE33 6q14 AAAGH 3 to 49 178

*Allele range and number of observed alleles from Appendix 1, J.M. Butler (2011) Advanced
Topics in Forensic DNA Typing: Methodology; *SE33 alleles have complex repeat structure



15 NIST observed alleles circled in red

25 Alleles Reported in the Literature for D1S1656

Allele

Promega Promega

ABI

Repeat Structure

(Repeat#) ESX17 ESI17 NGM [TAGA][TGA],.[TAGA].TAGG Reference
8 133 bp 222bp  171bp [TAGA]g Phillips et al. (2010)
137 bp 226 bp 175 bp [TAGA], Phillips et al. (2010)
10 (a) 141 bp 230 bp 179 bp [TAGA],, Lareu et al. (1998)
10 (b) 141 bp 230bp 179 bp [TAGA],,TAGG Phillips et al. (2010)
11 145 bp 234 bp 183 bp [TAGA], Lareu et al. (1998)
12 (a) 149 bp 238 bp 187 bp [TAGA],, Lareu et al. (1998)
12 (b) 149 bp 238bp 187 bp [TAGA],; TAGG Lareu et al. (1998)
13 (a) 153 bp 242 bp 191 bp [TAGA],,TAGG Lareu et al. (1998)
13 (b)) 153 bp 242 bp 191 bp [TAGA]5 Phillips et al. (2010)
13.3 156 bp 245bp  194bp  [TAGA],TGA[TAGA],; TAGG Phillips et al. (2010)
14 (a) 157 bp 246 bp 195 bp [TAGA],3;TAGG Lareu et al. (1998)
14 (b) 157 bp 246 bp 195 bp [TAGA], Phillips et al. (2010)
14.3 160 bp 249bp 198 bp [TAGA], TGA[TAGA],TAGG Phillips et al. (2010)
15 161 bp 250 bp 199 bp [TAGA],,TAGG Lareu et al. (1998)
15.3 164 bp 253bp 202bp [TAGA],TGA[TAGA],,TAGG Lareu et al. (1998)
16 165 bp 254bp 203 bp [TAGA],sTAGG Lareu et al. (1998)
16.3 168 bp 257bp 206 bp  [TAGA],TGA[TAGA],;TAGG Lareu et al. (1998)
17 169 bp 258 bp 207 bp [TAGA],,TAGG Lareu et al. (1998)
17.1 170 bp 259bp 208 bp Not published Schroer et al. (2000)
(17.3 ) 172 bp 261 bp 210bp [TAGA],TGA[TAGA],,TAGG Lareu et al. (1998)
18 173 bp 262bp 211 bp [TAGA],;TAGG Phillips et al. (2010)
\_18.3 176 bp 265bp  214bp [TAGA],TGA[TAGA],;TAGG Lareu et al. (1998)
19 177 bp 266 bp  215bp Not published Asamura et al. (2008)
19.3 180 bp 269bp 218 bp [TAGA],TGA[TAGA],TAGG Lareu et al. (1998)
20.3 184 bp 273 bp 222 bp Not published Gamero et al. (2000)

from Appendix 1, J.M. Butler (2011) Advanced Topics in Forensic DNA Typing: Methodology



15 different alleles

NIST U.S. Population Allele Frequencies

D1S1656 (15 different alleles)

African American Asian Caucasian Hispanic
Allele (n=342) (n=97) (n=361) (n=236)
10 0.0146 0.0000 0.0028 0.0064
11 0.0453 0.0309 0.0776  0.0275
12 0.0643 0.0464 0.1163  0.0890
13 0.1009 0.1340 0.0665 0.1144
14 0.2573 0.0619 0.0789 0.1165
14.3 0.0073 0.0000 0.0028 0.0042
15 0.1579 0.2784 0.1496  0.1377
15.3 0.0292 0.0000 0.0582  0.0508
16 0.1096 0.2010 0.1357 0.1758
16.3 0.1023 0.0155 0.0609 0.0508
17 0.0278 0.0722 0.0471 0.0424
17.3 0.0497 0.0876  0.1330 0.1483
18 0.0029 0.0155 0.0055 0.0064
18.3 0.0234 0.0515 0.0499 0.0254
19.3 0.0073 0.0052 0.0152 0.0042

N=1036

(only unrelated
samples used;
fathers removed
from this sample
set)



D1S1656 Characteristics

15 alleles observed

93 genotypes observed

>89% heterozygotes (heterozygosity = 0.8890)
0.0224 Probability of Identity (P))

P = Z(genotype frequencies)?

These values have been calculated for all 29 STR loci
across the U.S. population samples examined



Loci sorted on Probability of Identity (P,) values 29 STR Loci

Alleles Genotypes Het P, Value - .
Locus Observed Observed (obs) n=1036 present In STR k_ItS
SE33 52 304 0.9353 0.0066 ) rank ordered by their

Penta E 23 138  0.8996 0.0147 o
D2S1338 13 68 0.8793 0.0220 variability
D1S1656 15 93 0.8890 0.0224 Better for

D18S51 22 93  0.8687 0.0258 . : N — 1036
D12S391 24 113  0.8813 0.0271 mixtures (more

FGA 27 96 0.8745 0.0308 alleles seen) (only unrelated

D6S1043 27 109  0.8494 0.0321
Penta D 16 74  0.8552 0.0382 _ samples used)

D21S11 27 86 0.8330 0.0403
D8S1179 11 46 0.7992 0.0558
D19S433 16 78 0.8118 0.0559 _

VWA 11 39 0.8060 0.0611 [ here are several loci

F13A01 16 56 0.7809 0.0678 :

D7S820 11 32 0.7944 0.0726 more polymorphic
D16S539 9 28 0.7761 0.0749 than the current
D13S317 8 29 0.7674 0.0765

THO1 8 24 0.7471 0.0766 CODIS 13 STRs

Penta C 12 49 0.7732 0.0769 :

D2S441 15 43 0.7828 0.0841 361 Cal_JcaS|ans _
D10S1248 12 39  0.7819 0.0845 — 342 African Americans
D3S1358 11 30 0.7519 0.0915 236 Hispanics
D22S1045 11 44 0.7606 0.0921 :

F13B 7 20 0.6911 0.0973 97 Aslans

CSF1PO 9 31 0.7558 0.1054 . Better for k|nsh|p

D5S818 9 34 0.7297 0.1104 :

FESEPS 12 36  0.7230 0.1128 (low mutation

LPL 9 27 0.7027 0.1336 rate)
TPOX 9 28 0.6902 0.1358




Probability of Identity Combinations

(assuming unrelated individuals)

Total
STR Kit or Core Set of Loci N=1036
CODIS 13 5.02E-16
Identifiler 6.18E-19
PowerPlex 16 2.82E-19
PowerPlex 18D 3.47E-22

ESS 12 3.04E-16
ESI 16 / ESX 16 / NGM 2.80E-20
ESI 17/ ESX 17 / NGM SElect 1.85E-22

CODIS 20 9.35E-24
GlobalFiler 7.73E-28
PowerPlex Fusion 6.58E-29

All 29 autosomal STRs 2.24E-37
29 autoSTRs + DYS391 1.07E-37

Caucasians

(n=361)
2.97E-15
6.87E-18
4.24E-18
9.82E-21

9.66E-16
2.20E-19
1.74E-21

7.32E-23
1.30E-26
2.35E-27

7.36E-35
3.26E-35

African Am.

(n=342)
1.14E-15
1.04E-18
6.09E-19
5.60E-22

9.25E-16
6.23E-20
6.71E-22

6.12E-23
3.20E-27
1.59E-28

3.16E-37
1.77E-37

(n=236)
1.36E-15
2.73E-18
1.26E-18
2.54E-21

2.60E-15
4.03E-19
3.97E-21

8.43E-23
2.27E-26
2.12E-27

2.93E-35
1.29E-35

Hispanics Asians

(n=97)
1.71E-14
5.31E-17
2.55E-17
7.92E-20

3.42E-14
9.83E-18
1.87E-19

4.22E-21
1.81E-24
1.42E-25

4.02E-32
2.81E-32

Juswanosdwil
apnliubew Jo SI1aplo 8T



NIST U.S. Population Data

« We plan on making the data from our 1036 U.S.
population samples available on STRBase:

http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm

« Asummary of the NIST 1036 data set was
recently submitted to Profiles in DNA for
autosomal and YSTR loci

« Population Data announcements will be
summited to FSI. Genetics (soon!) for
— 29 autosomal STR loci (Hill et al)
— 23 Y-STR loci (Coble et al)



New STR Multiplex Kits

Recently Launched



GlobalFiler STR Kit

Launched Friday, September 14, 2012

. v
Human Identification —

GlobalFiler™ Kit

Go Faster
Go Further
Go Global
Powered by 6-Dye™

Human Identification Home

AL
A
AV

Introducing the world’s most powerful STR kit

Around the world, forensic labs are being asked to do more with less. That's why the new GlobalFiler™ STR Kit combines
reduced amplification time with maximum data recovery power. As part of the only fully integrated and validated forensic
workflow, this breakthrough 6-dye. 24-loci technology is designed to deliver unprecedented lab performance. And, it's backed by
Life Technologies best-in-class training, service, and support.

Powered

Go Faster » Go Further » Go Global » by 6-Dye~ *

http://www.invitrogen.com/site/us/en/home/Products-and-Services/Applications/Human-ldentification/globalfiler_str_kit.html



Applied Biosystems Global

Filer

24plex

6-FAM

VIC

NED

TAZ

SID

100 bp 200 bp 300 bp

T
400 bp

Y

A D8S1179 D21S11 D18S51

D2S441 D19S433 THO1 FGA

DYS391

24 STR loci in 6 dyes (3500 instrument use only)

Direct amplification capabilities
— Single Source Samples: 40 min amplification
— Casework Samples: 80 min amplification

Largest products <460 bp, 10 markers <220 bp (miniISTRS)

Allelic ladder includes 343 total alleles



PowerPlex Fusion

A
PowerPlex® Fusion System Launched Friday, September 14, 2012

N
-VV‘I i

Designed to meet CODIS and European standards, the PowerPlex® Fusion System enables laboratories to:

+ Achieve the most inter database compatibility and highest discrimination of any autosomal STR kit.
* Improve laboratory efficiencies with rapid cycling and direct amplification protocols.

+ Obtain a higher success rate with difficult casework samples due to rchustness and sensitivity.

+ Simplify validation and QC efforts by using one kit for both casework and databasing sections.

The PowerPlex® Fusion System provides all of the materials needed for co-amplification and five-color
fluorescent detection of 24 loci (23 STR loci and Amelogenin), including the CODIS core loci and the European
Standard Set (ESS) loci. With 24 |oci, the system offers the most STR loci and highest discrimination from a
single reaction and delivers more information in demanding forensic, paternity and relationship testing cases.
Utilizing proven STR chemistries on existing instrument platforms and software, the PowerPlex® Fusion

System requires no software or instrument upgrades.

o] o [ oo | o | owone | o J et

N ] B e ) E
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60 -
3

100 200 300 400 500

*Amelogenin

http://www.promega.com/products/pm/genetic-identity/powerplex-fusion/



Promega PowerPlex FUSION 24plex

FL

JOE

TMR-ET

T | I I | I I I | I I T | I I r
100 bp 200 bp 300 bp 400 bp

THO1 VWA D21S11 D7S820 D5S818 TPOX DYS391

- ossurs [ owsw ]| owsws rea [ozss]

24 STR loci in 5 dyes (3130 and 3500
Instrument use)

Direct amplification capabillities: 85 min amp
Largest products <500 bp
Full profiles using 100 pg at 30 cycles



NIST Concordance Testing with
PowerPlex Fusion

PP Fusion results compared to all other kits tested
Including:
Sinofiler/NGM/ldentifiler/Yfiler/IDplex/ESSplex/PP16/
PP21 kits with 652 unrelated individuals (NIST U.S.
population set )

PP Fusion is fully concordant with NIST SRMs

2391
No P
No P

n&c certified values
P Fusion null alleles

P Fusion discordance with other PowerPlex

Kits, discordance with ABI or Qiagen Kkits is on their
end and are previously documented



RM 2391bé&c were fully concordant at all
|OCI for PP Fusion kit — 9947A Proflle

5135 DlSlGS [D25441 Dll]SlZ [D135317 [Penta E
100 200 300 400 500
4000
2000
0 A A A Fil
51
1619
D165539 | [D25133% CS5FIPO | Penia D
100 200 300 400 500
4000
2000 A J(
il A Ju I
19 23 10
26 3098 2034
12
2478
THOL WA | DEIsLI [D75820 | DESEIR [AFOX [DY5391 I
100 200 300 400 500
4000
2000 l 1
0
i3
2349 3649
0.3 i3
2421 3640
DESIITe [DI25391 | D195433 | [FGA | [D225104B
100 200 300 400 500
4000

2000

iaze
0282|2262

1 ng DNA, 30 cycles



1 ng DNA, 30 cycles

SRM 2391c Mixture Component D

[AMEL [D351358 B [DZ 541 |[Dios1Z48 [DI35317 [PentaE
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E00

ol Iy F J 1 J 2 l l Y
]
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*This sample was low-injected because the default had too much bleed through



Smaller Peak Height, RFL
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Peak Height Ratios
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PHR Balance Across All Loci

LocusMit Peak Height Ratios
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Relative Frequency
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Median PHR = 90.9%

Height: Small/Height Large



Minus Stutter Observed
(Big Picture View)

2A0 = Y= {71200 « J-E9E-04 5 0E-05)
*D22S1045
- _ stutter is in blue
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Allele Peak Height, RFLI



Locus-Specific Stutter Values

Created on:
From Wersion:

23-May-12 16:37:36
23-Feb-12

Percentage Stukter

Fi

Famn e e M oee Frge Fans: Fass F a7 5 Fog:

Filter

Sefting

Fetch

flin PkHE

Mlax FEHE

[lam sStutker
Allow Forwards

Mlin #Fatic
Ep'win

Staored profiles
200

4000

a0

Mo

0.50

A

Locus #Ratio | Mean SO| | Median MADe| [ Min© 13 MWlan
THO 43z 25 1 22 0] 04 11 12 13 14 17 32 40 45 52 58 100
Fenta_ O 427 29 1B 28 12| 0.7 08 10 11 13 18 35 43 &3 G4 T4 127
TPOX 452 33013 32 16| 049 156 16 17 18 22 41 43 &8 63 B4 4k
Fenta E ESh 10 24 A 16| 0.7 049 11 13 17 2B 47 ES 88 1.3 128 153
O7Sez0 424 B2 17 449 16 18 25 27 2% 31 40 B2 TFhH &7 a1 103 1z
025441 Ll 51 1E 5.1 15 10 148 23 27 32 40/ Bl B3 7.7 87 a7 W7
35317 L 51 13 b2 1.7 12 1.7 18 20 25 40 B2 T4 81 88 10 171
055313 338 B3 1E 5.A 13 18 28 30 34 38 43 E¥ TE &2 91 88 137
CSFiFO 452 E1 1E E.0 14 16 24 28 34 42 52 TFO| &3 40 98 106 124
CESE39 435 ER 17 E.3 17]| 23 36 38 40/ 44| 53 YE 83 45 103 108 143
95433 hag EE 1E ED 14 18 33 36 43 47 BE| TFhH BB 94 0.2 0.7 124
0251173 R £ 15 ET j4]| R 23 3@ 43 R] A2 72 2 94 07 049 {12
I ' B 41 EA 23 (] 19(] 049 12 16 23 43 HE 82 36 104 14 123 20E
FGA E44 EA 17 E.3 7] 34 37 34 42 47 B7 81 42 48 0.3 10 128
CH0s1z245 453 20 18 7.7 16| 37 47 8O BE GOl B2 83 W5 14 120 132 163
O21En E33 21 1k 20 14 41 443 B3 BY E1 71| 80 102 108 120 123 163
L{S{ERE 213 22 2 21 22 23 42 49 3 R2 BEF 9Y 03 4|5 2z 128 {5k
@51045 Bhz FE 30 ] 27 g 2z 24 28 200 4F 9B 1.2 17 124 135 JEE
25391 E9E 26 27 23 2011 37 40 43 48 BOD EE 1W0H 124 132 143 183 1E:2
018551 T45 o4 22 o4 23| 36 43 48 51 54 B8 98 14 124 131 136 16E
D251338 o34 a7 14 ah 20/ 40 54 BE B3 B3 V2 93 12 138 127 134 13
0351368 434 86 1B ah 15 31 B4 BA B2 &Y V78 45 W& 12 18 126 161

Settings Used for Analysis

*Verified Max stutter amounts



Stutter Trends (Size Scale)
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Allele Size, bp

*D22S1045 is in red



Stutter Density Plot
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Median stutter = 6.57%
Median D22 stutter (in red) = 8.26%
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Forward Stutter Observed
(Big Picture View)

1 + Allloci * W= {39000}« {-1EE-03 £3.5E-051
+o O2251045

atutterfAllele Height Fati

*D22S1045
stutter is in blue

(trinucleotide locus)
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Allele Feak Height, RFL



Locus-Specific Stutter Values

Created on: 23-May-12 17:00:54 Fercentage Stutter
From Version: 23-Feb-12 Locus #Fatio) | Mean| SO | Median MaDe| | Min" 17 26 50" 0" 26 " 75 o M as " 97 52 9920 Mas
FGA g2 17 1.0 13 0g(| 04 04 05 05 05 10 21 31 25 41 54 ED
Filter Satting | ozsizss 316 19 12 15 07| 04 05 06 07 08 11 22 34 45 54| 60 70
Fetch| Stored prafiles C195433 26 13 15 15 og|| 03 04 04 06 08 41 20 %2 37 GEl 72 83
Min PEHE| 200 DI25317 348 12 12 15 06[| 04 06 07 08 08 12 21 30 33 44 24 102
Maz PEHE 4000 D544 417 19 12 16 o&| 04 06 06 07 08 11 22 3E 40 47 55 48
Max 2Stutter | 30 D5SE1S 159 13 11 16 og|| 08 08 07 0% 10 12 21 35 42 48 54 B3
Allow Farwards o D125391 123 19 12 16 07| 03 05 06 07 08 12 21 32 45 48] B2 73
OIS 165G B14 20 10 17 07| 03 07 0% 08 11 13 23 33 41 48| 55 82
Min #Fatic| 7 TH 5 21 1.2 14 o&(| 03 04 07 09 10 14 25 35 41 52| B2 E&
Ep'in 0.50 DIES539 229 24| 18 18 || 05 0F 07 0% 10 13 20/ 45 &2 80 23 N7
DE5117a g7 21 1B 18 07| 07 08 10 100 10 12 23 31 42 44| 75 134
A D355 44 22 13 14 oal| og 06 08 09 10 13 27 37 47 57 B9 &8s
D251338 176 24| 15 20 | 05 05 07 08 10 13 29 40 56 B3 77 85
CSFIPO 422 26 15 23 || oE 07 o0& 10 12 15 31 45 52 71078 14
151 oan 26 14 a4 12l og o2 0o {0 12 {E a4 47 E2 61 EF _ag
rﬂ.ﬁw 113 27 17 2.4 Ul 07 08 08 08 12 17 31 40 B2 B0 EF 164
D0 1248 159 27 18 24 14/| 05 05 07 0% 10 16 35 43 &5 g1 78 104
TPOX a5 28 186 24 13| 06 06 06 07 10 17 35 52 5B 61 E5 E&
Penta O 128 20/ 14 26 15| 06 0F 0% 0% 12 17 28 53 B4 76 94 ME
Fenta_E 177 36| 24 28 15| 05 07 10 11 13 1% 48| 73 84 9.2 0.0 120
O7Se20 124 32 16 3z 17| 06 08 04 10 12 14 47 B4 B3 BE 73 73
||:|2251n45 540 41 1. 4.1 oall 08 11 15 24 28 35 47 52 53 G4l 75 10

Settings Used for Analysis | *Verified Max stutter amounts




Stutter Trends (Size Scale)
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Relative Frequency

Stutter Density Plot

Median stutter = 2.01%

5

/ Median D22 stutter (in red) = 4.05%
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Summary

« Additional STR loci are important as DNA
databases grow larger each year

* NIST has a set of 1036 U.S. Population
Samples that have been used to fully
characterize 29 autosomal STR loci

« Commercial companies are continuing to
release larger STR multiplexes to meet the
needs of the forensic community



SAVE THE DATE

Forensics@NIST
Three day symposium on cutting edge 2 O 1 2

forensic science research at NIST

Date: November 28-30t™, 2012
Time: 9:00 am to 5:00 pm
Location: NIST (Gaithersburg, Maryland)

For more information:
www.nist.gov/oles/forensics-2012.cfm /&=

ror=Nsic Note: registration is required (free)
SCIENCES



http://www.nist.gov/oles/forensics-2012.cfm
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