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OmniPop 150.4.2

* Published allele frequencies
— from 97 populations containing all 13 CODIS loci
— From 166 populations with 9 loci (Profiler Plus)

* From 64 publications

« Available from Brian Buritt (San Diego Police Dept)
- (619) 531-2215
— bburritt@pd.sandiego.gov
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Presentation Outline

* Some general interest information
— OmniPop 150.4.2 (166 Profiler Plus, 97 full CODIS loci pops)
— Forensic DNA Typing, 2" Edition (to be available in Jan 2005)
* Y-STRs
— Advantages of Y-chromosome
— Available Y-STR kits
— Comparison to Y-SNPs
» Autosomal SNPs
— Forensic SNP web page (http: .cstl.nist.gov/biotech/strbase/SNP.htm)
— Challenges ahead for SNPs
* miniSTRs
— CODIS loci made small
— New loci under development
— Performance with degraded DNA samples
+ DNA Quantitation
— Real-time PCR methods
— Performance across 80 laboratories (NIST interlab study QS04)
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Forensic DNA Typing, 2™ Edition NE

Chapter 1 Overview & History of DNA Typing & .
Chapter 2 DNA Biology Review L
Chapter 3 Sample Collection, Extraction, Quantitation
Chapter4  PCR Amplification

Chapter 5 Common STRs and Commercial Kits
Chapter 6 Biology of STRs

Chapter 7 Forensic Issues

Chapter8  Single Nucleotide Polymorphisms
Chapter9  Y-Chromosome DNA Tests

Chapter 10 Mitochondrial DNA

Chapter 11 Non-Human DNA

Chapter 12 DNA Separation Methods

Chapter 13 DNA Detection Methods

Chapter 14 Instrumentation for STR Typing: ABI 310, ABI 3100, FMBIO systems
Chapter 15 STR Genotyping Issues

Chapter 16 Lab Validation

Chapter 17 New Technologies, Automation, and Expert Systems

Chapter 18  CODIS and DNA Databases

Chapter 19 Basic Genetic Principles and Statistics

Chapter 20 Checking Population Data: Hardy-Weinberg, linkage equilibrium
Chapter 21 Profile Frequency Esti match ilities, likelihood ratios
Chapter 22 Approaches to Degraded DNA and Mixture Interpretation

Chapter 23 Kinship and Paternity Testing

Chapter 24 Mass Disaster DNA Testing

Appendix | Reported STR Alleles

Appendix Il U.S. Population Data-STR Allele Frequencies

Appendix |1l Suppliers of DNA Analysis Equipment
Appendix IV DAB QA Standards

Appendix V DAB Recommendations on Statistics
Appendix VI Application of NRC Il to STR Typing
Appendix VIl Example DNA Case from Start to Finish

Profile with 13 STRs NL';

Distribution of Profile Frequencies
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Current Areas of NIST Research Effort

» Resources for “Challenging Samples” (degraded DNA or mixtures)
* Y-Chromosome Information, Assays, and Standards

» DNA Quantitation (interlab study, Real-time PCR comparisons)
* Tools to Aid State and Local Laboratories (e.g., STRBase)

» Aid to or Completion of Other NIJ Projects (e.g., LSBs)
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NIST Human Identlty Project Team Resources for “Challenging Samples”

(degraded DNA or mixtures)

* miniSTRs
— CODIS loci (JFS 2003, 48, 1054-1064) — “BodePlexes”; WTC IDs;
McCord collaboration
: — New loci (Coble, AAFS Feb 2004) — non-CODIS loci; unlinked;
Pete Vallone optimal for small amplicons and size ranges; <120 bp

John Butler
; _ '
l » Autosomal SNPs
pm———" {1 — Validated Orchid 70 SNP markers (60-80 bp); population typing
= . .
o e * Mitochondrial DNA SNP Assays
: _ i 8] — Improve ease of use — Roche LINEAR ARRAY testing

Dave Duewer Amy Decker Jill Appleby Mike Coble

— Improve power of discrimination — AFDIL coding region SNPs

Former (Honorary)
Project Team Rich
Members Schoske

* Y-STRs

— Improve evaluation of some extreme female-male mixtures?

Christian

P Ruitoerg | .
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Tools to Aid State and Local Laboratories STnBase

«+ STRBase - standard information source Short Tandem Repeat DNA
Internet Database

+ Variant Alleles — cataloging variants and tri-allelic patterns

» NIST U.S. Population Samples and Database Recent Additions We Regularly Update
*Forensic SNP Information «Reference List
+ Quality Assurance Tool — resolution monitor to track (il b @iitete s o 1 AEH Variant Alleles
analytical performance over time SNP information) .../SNP.htm -
L *Addresses for Scientists
*NIST publications and X §
+ Validation Standardization Information presentations as pdf files SRS
...INISTpub.htm *Y-STR Information
* Training Materials o We will continue to add downloadable PowerPoint files
— Downloadable PovyerF'omt files from STRBase ) ) ) that can be used for training purposes
— Current Protocols in Human Genetics, Electrophoresis review article on STR —=?
analysis with ABI 310 and ABI 3100 5 o
- i i nd Editi . .
Forensic DNA Typing, 21% Ediion (e 20041an 2009 @ http://www.cstl.nist.gov/biotech/strbase

Variant Alleles Catal din STRB N —!gi Large D18 Allele Characterized at NIST J —;I
arian eles ata Oge in ase Sample from Christine Moraczewski, NE State Patrol Crime Lab | Shoulder on
http://www.cstl.nist.gov/biotech/strbase/var_tab.htm EQ 00 a0 D M0 B0 40 M0 M0 70 %0 30 :‘een‘t: E
1600 |
Off-Ladder Alleles Tri-Allelic Patterns | POVEPIOXTS | ro N
34 total variants reported as of 04721 /04 56 total patierms reported as of DA/5/04 0] D18 Penta E Penta D
400
o CEFIFO(L ]
: Sems | Currently 224 . cspo | Currently 56 o] 1 s I A
o D331338(16) | at 13/13 CODIS loci DaS1358 at 13/13 CODIS loci 1
o D5ERIZ(5) . 4 3000
o D7S230 20) o D33RI1E(1) 2400 Allele D18S51 monoplex —
s Dl o D73230(3) om0 14 ﬂ"elx
o DIsS3 g)ﬂj . %g}) ‘;:s K] Typical D18S51 allele range (8-27) | | <
o DIZ351 (25 . E N ize di - o
N TEre » DiFS53500) T, o] Size difference = 102 bp \ /
o DZISIED o DIESSL() [ T |
* FESFPE(1) o DZIS11 (4 e 1 Tren  rates OREM 1600 —
: %ﬁ[@m @ » FOA (T 1200 | 404 ABI D18S51 monoplex Penta E monoplex
® PentaD(E) « HUMTHO1 (1) i a0 | z:: gave same resuit A\\;\e Allele
: ?;’3;%)@ o TPOX(1Z) {J_7| am | |1 Size difference = 105 bp m 12
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Sequence Analysis of STR Alleles NE

D21S11 PowerPlex 16 forward primer region [ATATGTGAGTCAATTCCCCAAG]

|,|. TEETETY Canc] TG AAT

Mm. A A

D21S11 PowerPlex 16 reverse primer region [TGTATTAGTCAATGTTCTCCAGAGAC]

Af
oy

) R R RS AL R, e TAG O AGGT
i

VIYVTV Y

DZ1 S1 1 (revers ) repeat

AT AT 1 .

:I‘SI '! I;l llmllﬂh]"lb!'
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Y-Chromosome STRs

Male-specific amplification
(can handle extreme mixtures of male and female DNA)
Enables tracing paternal lineages
(permits extension of possible reference samples)

SWGDAM Sub-Committee  TNEST|
on the Y Chromosome

* Formed in July 2002 * U.S.CORE Y-STR LOCI
« Members selected in January 2003
— Jack Ballantyne (UCF) — chair
— Mecki Prinz (NYC) — co-chair » 60 sample set selected for
screening markers and initial
— John Butler (NIST) testing

— Ann Gross (MN)
— John Hartmann (Orange Co.) + Testing of Y-PLEX 6 and Y-
Laura Kienker (FBI Academy) PLEX 5 kits in all labs

Carll Ladd (CT) — All results completed agreed
— Demris Lee (AFDIL) with NIST results sent to
— Phil Kinsey (OR) participating labs in Dec 2002

+ Jack Ballantyne's lab and John
Butler’s lab to examine additional Y
STR and Y SNP markers in the
same sample set

Gary Sims (CA DOJ)

CODIS State Administrators meeting
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NIST QA/QC Software

Tool being developed by Dave Duewer for STR Process Control

Will track allelic
ladders and
positive controls

Peak
NCBL | Height,

il I Program' Area,
Size

XY
103|436
104 | 569

PowerPlex Y Performance in Our Hands NE

o 3 i03 " Fo bl 0 bl

2 ng male

- JJ|| R | ...Jh

sEiEtjg

- 2 ng male: 15 ng female
st a
L 500 pg male: 408 ng female

< L Do Lok

e d 800X female DNA

A

1 ng male: 816 ng female

European and U.S. Core Y-STR Loci
Marker Name Allele Range Repeat Motif
(repeat numbers)
DYS19 10-19 TAGA \
DYS385 alb 7.28 GAMA
Minimal DYS389 1 1: 9-17 (TCTG) (TCTA)
haplotype DYS389 1l 11: 24-34 (TCTG) (TCTA)
DYS390 17-28 (TCTA) (TCTG)
(Europe) Extended
DYS391 614 TCTA haplotype
DYS392 618 TAT (Europe)
DYS393 817 AGAT
U YCAIl alb 11-25 CcA )
haplotype
DYS438 614 e
DYS439 815 AGAT
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New Y-STR paper

June 2004 issue of American Journal of Human Genetics

A, J. B, Goust, 780 183-1197, 204

A Comprehensive Survey of Human Y-Chromosomal Microsatellites

Manfred Kayser, Ralf Kittler,'* Axel Erler,"* Minttu Hedman,® Andrew €. Lee,
Aisha Mohyuddin®® 5. Qasim Mehdi,* Zoé Rosser,” Mark Stoneking,' Mark AL Jobling,'
Antti S«\j\n‘”l" and Chris 1~'|0I' Smith**

Evolutionary Genetics, \I.| I"I\nd. Ilhur.n- fou b |hn|\e. oy l\vm: “Deparment of Foremic Medicine,
binki, Helsinki; 'Dipie s, Liei sicestes, United Kingede Thapantment cf Miochemisry,
Ontond, Ootosd Miomidhead snd Caomtic r.-qm. aring Laboretories, lamabad; A Tha Wl cons Tose # Saryger Inctitute,
Fiswston, Cambridge, Uriteel Kingdom

» Searched for all regions with 28 consecutive repeats
and 2,3,4,5,or 6 bp repeat units

» Discovered 139 new polymorphic Y-STR loci (166
male-specific)

* Only studied so far in 8 different samples

May 25, 2004

nmaoenes COMMercial Y-STR Kits ~ TNEST]

haplotype) (White et al.) (Ayub etal.) (lidaetal) (Redd et al.)
A7.1(DYS460) DYS434  DYS441 gigﬁg
Dys3golil|[| A7.2(Dvsaer) DYS435 DYS442
DYS390 A10 DYS436 DYS443 DYS449
DYS391 ca DYS437 || DYS444  DYS450
DYS392 Ha DYS438f || DYS445 312225
DYS393 DYS439 DYS454

DYS455
DYS385 alb (Bosch et al)

G09411 (DySas2) |43 (51) Y-STRs | DYS456
YCAIl a/b ( ) (217 with Manfred’s) DYS458

DYS388 Y-PLEX 6 (ReliaGene) D\[()i‘ggeglb
DYS425 Y-PLEX 5 (ReliaGene) DYS464 alblc/d
DYS426 PowerPlex Y (Promega) DYS468-DYS645
. . . 166 new Y STRs
YCAlllafo Yfiler (Applied Biosystems) (Manfred Kayser GDB entries)

NIST]|

Y-Chromosome Standard NIST SRM 2395

STANDARD REFERENCE MATERIALS Human Y-Chromosome DNA Profiling Standard

2395 T 5 male samples + 1 female sample (neg. control)
Human Y Chromosome

DNA . ~

ComRASE 100 ng of each (50 pL at ~2 ng/uL) $248
Store at -20°C

*22 Y STR markers sequenced

NIST 9 additional Y STR markers typed
*42 Y SNPs typed with Marligen kit

Certified for all loci in commercial Y-STR kits:

Y-PLEX 6 SWGDAM recommended loci:
Y-PLEXS5  Dbys19, Dys385 a/b, DYS3891/I,
Y-PLEX 12  DYS390, DYS391, DYS392,
PowerPlex Y DYS393, DYS438, DYS439

Y-filer - adds DYS635 (C4)

Helps meet DAB Standard 9.5 (and ISO 17025)...traceability to a national standard

CODIS State Administrators meeting
(Quantico, VA)

Commercial Y-STR Kits Available

* ReliaGene Technologies (New Orleans, LA)
— Y-PLEX™ 6: DYS19, DYS389Il, DYS390, DYS391, DYS393, DYS385 a/b
— Y-PLEX™ 5: DYS389I/Il, DYS392, DYS438, DYS439

— Y-PLEX™ 12: DYS19, DYS385 a/b, DYS389l/Il, DYS390, DYS391,
DYS392, DYS393, DYS438, DYS439, amelogenin

« Promega Corporation (Madison, WI)

— PowerPlex® Y: DYS19, DYS385 a/b, DYS3891/1l, DYS390, DYS391,
DYS392, DYS393, DYS438, DYS439, DYS437

Applied Biosystems (Y-filer: 17plex with 5-dye chemistry)
+ Serac (Germany)

— genRES® DYSplex-1: DYS389I/Il, DYS390, DYS391, DYS385 a/b,
amelogenin

— genRES® DYSplex-2: DYS19, DYS389l/1l, DYS392, DYS393

* GKT Inc. (South Korea); silver-stain kits
— GeneKin® Y-STR Systems I: DYS388, DYS19, DYS392
— GeneKin® Y-STR Systems II: DYS393, DYS390, DYS391, DXY391X
— GeneKin® Y-STR Systems Ill: DXYS156X, DXYS156Y, DYS389l/Il
— GeneKin® Y-STR Systems IV: DXYS156X, DXYS156Y, DYS385 a/b

FMBIO IIl and ABI 3100 Results with Y-PLEX™ 12

SRM 2395

Ew e e o A

== AMEL 393 19 B

= 3801 3% 380Il 435 A
Sl 1 1

= B
Sl '] i i

= ¢
SLu I | i

= D
S 1 i |

= E
I il L

| FemaleDNA| " gingle amplification of U.S. F
L core loci with amelogenin

b ReliaGene

—. ™ 1 | i positive control

: Female DNA ReliaGene

= female control

ABC DEF + -
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hrd

smmemm  hitp://www.yhrd.org
w As of 5/24/04: 22,872 haplotypes

Warldwide

200 114,365

Turasian 4P 10 smoazs) RUN only with minimal haplot:
e DYS19
i | DYS389l/
T DYS390

East Asian 1/ Koran HP S — DYS391

ot o M. o a9 o i DYS392

1o et DYS393
e e : = DYS385 alb
Awmstralian Aboriginaed 4P o o o Man)
African MP .3 " 1r 1, 70580
3t L C 0.0 US haplotype requires
T T 2 additional loci:
Adrican P / Mre-Carbbean M 253 2 1 ] DYS438
Amrrindian MP 163 LRES kS AT
| Cskimo Aleut MP 1] 45 1 5.0 DYS439




Future of Forensic DNA Typing

NIST]

Erin K. Hanson," M5 and Jack Ballansine," " Ph.D.

A Highly Discriminating 21 Locus Y-5TR
"Megaplex” System Designed to Augment the
Minimal Haplotype Loci for Forensic Casework™

I Foremaic S, Jan. 04 Vol 49, Mo |
Papes D IFE3000209_431
Availible caling st; we s oy

NIST]|
U.S. Population Data on 22 Y-STRs

ELSEVIER

“Bissechnology Division. National Insrinue of Technology 100 Bureaw Dvive. Mall Srap 8311, Galthersbwry. M 20899 USA
5,

at i irect.com

IG'.I‘GI@D'I(G‘I. mw
Ilrrullul

i escate |

Foremsic Science Intermational 139 (3004) 1072121

s clsevier som ocate Torsclint

High-thronghput Y-STR typing of U.S. populations with
27 regions of the Y chromosome using two
multiplex PCR assays

Richard Schoske™”, Peter M, Vallone”, Marpar\,l C. Kling",
Janctte W. Redman®, John M. Butler™”

Depuriment of Chemisirs, American Uriversity, Waahington, D0 20006, U5

Reveived 29 Apid 2003 received bm sevaed Form 25 Septeuber 2003, sceped 1 Celober 203

pdf file available at http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

.

Schoske et al. (2004) High-throughput Y-STR typing of U.S. populations..., Forensic Sci. Int., 139:107-121

NIST]

Typing Beyond the U.S. Core Y-STR Loci

U.S. Core Y-STRs (selected Jan 2003 by SWGDAM Y-chromosome subcommittee):
DYS19, DYS389l/1l, DYS390, DYS391, DYS392, DYS393, DYS438,
DYS439, DYS385 a/b

First examination of 11 U.S. haplotype loci vs. new ones:
647 U.S. males:
« 260 African Americans (including 20 from Carll Ladd)
* 244 Caucasians (including 20 from Carll Ladd)
+ 143 Hispanics (including 20 from John Hartmann)

Types generated at NIST for 22 Y-STRs and 50 Y-SNPs

Performance of U.S. haplotype vs. European “extended” haplotype
(DYS438 and DYS439 vs. stutter-prone dinucleotide YCAII a/b)

Resolution of most common types with additional markers

CODIS State Administrators meeting
(Quantico, VA)
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Y-STRs in Casework

 Forpmsic $ci, Juty 304, Vol &

July 2004 issue of Journal of Forensic Sciences Fapen I IF3

Available calin se: www.asam ce

Sudhir K. Sigha' PhD.; Brace Budowle .P.I\'D .Rurm,lu{‘h-rkrm:«rn PR Ama Paunavie,' B.S5.;
Robin DeVille Guidry! BS.: U.lrlf[drsm P M5 Amrita Lal! MS.FS.: Megan .&l'.l@?'er PhD.;
Gina Pineda.' M.5.; Siddhartha K. Sinha.' B, faine Schneida.' Bj.: Hurna Nasir.! B5.;

and Jaiprakash G. Shewale,' PhD.

Utility of the Y-STR Typing Systems Y-PLEX™ &
and Y-PLEX™ 5 in Forensic Casework and

11 Y-STR Haplotype Database for Three Major
Population Groups in the United States™

TABLI |—¥-5TR s wnlag she F-PLEX™ & and F-PLEY™ 3 bier shat have horm acoepted in 15 comrts
Cae Dute Junudiain [ Dotes
Stang of LA ve. Samuat Williarmn vz P T
Suse of M5 v, Leon Felder w2001 Fike Commy 48T KA

Senpal sssault cane-alse.
. V5TR

State of GG v Al R Shabas w0 Dickalls Comaty O1CRA002
Usited States vs. S, Michaed Kelly e L Ko
Stane of OH v, Chuckie Umwonth 41603 s Comty GARCR 0301510 Dissben Hearing

N
NIST U.S. Population Samples

As of 06/2003 666 males (anonymous; self-identified ethnicities)

. On average ~80 jig total
286 Caucasians &% e
extractéd gefiomic: DNA

252 African Americans [Py
128 Hispanics

Whole blood received from
Interstate Blood Bank (Memphis, TN)

Working tubes/plates 1 ng/uL

To date: (~70,000 allele calls)
Identifiler (15 autosomal markers + Amelogenin) (10,608)
Roche Linear Arrays (HV1/HV2 10 regions) (6,630)

Y STRs 22 loci—27 amplicons (17,388)

Y SNPs 50 markers on sub-set of samples (11,498)
Orchid 70 autosomal SNPs on sub-set (13,230)

miniSTR testing-new loci and CODIS concordance (9,228)

Samples supplied to
OhioU for miniSTR typing
and AFDIL for whole
mtGenome sequencing

T-5TR.  Fooled Population  Afncan Amencan Caucanan Hispansc 'i

US haplotype STR diversity STR diversity STR diversity STR drrersity

[Reliagene kits) (N=647) Ramk (M=260) Rask (M=344) Ramk (N=143) Rark
DYS464 0956 1 0% 1 054 1 0937 1

afblefd

Yfiler 0%z 2 0wz 2 083 2 0.901 2
(AB YCAD &t 0790 3 0797 3 0701 0772 4
—» DYS458 0765 4 0758 3 0743 3 0793 3
0764 5 0664 10 0701 5 0665 13
DYS44T 0747 6 0767 4 0683 7 0748 S
0736 7 07z 6 0875 8 074 6
= Dyss 0721 8 072 6 0565 11 074 8
—p DYS4s6 0700 % 0671 9 0731 4 0695 %
PowerPlex Y 0691 10 0.560 13 0584 12 0690 10
(Promega) 0676 11 0722 6 0452 19 0672 12
065 12 063 11 063 9 0717 T
—»> —>  Disds7 0637 13 0493 17 0563 13 0624 14
—> H4 0611 14 0612 12 0562 14 0608 15
+C4—p 0609 15 043 20 05% 10 0673 11
Dysd60_ 0.570 16 0568 14 0.555 15 0.55 18
0548 17 0531 16 053 17 0596 16
054 18 0447 1% 0552 16 0577 17
DYs426 0519 19 0375 21 0482 20 0522 19
DYS450 0489 20 0487 18 0177 2 0414 21
0485 21 0586 13 0363 21 0448 20
Dysses_ 0.365 22 0.246 22 0.501 18 0312 22

Schoske et al. (2004) High-throughput Y-STR typing of U.S. populations..., Forensic Sci. Int., 139:107-121
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Single Nucleotide Polymorphisms
(SNPs)

Autosomal SNPs
Y-SNPs
mtDNA SNPs (control region & coding region)

Forensic Utility of SNPs NIST]

Short tandem repeat (STR)
CTGATGCTA(GATA),GACTACTTA

n =5 to 15 = 66 possible allelic combinations

Single Nucleotide Polymorphism (SNP)
CTGATGCTA(G/A)GACTACTTA

3 possible allelic combinations

For human ID purposes more
SNPs would be needed than STRs
Multiplexing is essential

i Short Tandem Repeat DNA
< Internet DataBase , Forensic SNP Site
};g- now a part of
T T R i STRBase

1, i,

o ek
Goreg o D Al M CPWCEAMRY e . &4

Las Cidaind D4TIES
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Forensic Utility of SNPs

The short PCR amplicons required for typing SNPs may
result in success with degraded samples and possibly
higher sensitivity — but this has not been demonstrated
yet in real-world samples...

For serious forensic usage, parallel high-throughput
methods and multiplex amplification will be required
for typing low amounts of DNA

NIST]

SNP Typing at NIST

« STRBase is the official ISFG repository of forensic SNP
information
— Gill et al. Science & Justice 2004, 44, 51-53
— http://www.cstl.nist.gov/biotech/strbase/SNP.htm

* We are cataloging SNP information with the goal to standardize
assays and speed validation of markers

«  We will continue to explore various SNP typing technologies to
provide information to the forensic DNA typing community —
primary focus on SNaPshot

+  We are beginning to evaluate SNP performance directly
against miniSTRs for analysis of degraded DNA -
collaborative study planned with EDNAP

NIST]
Autosomal SNPs

Orchid Cellmark provided their panel of 70 SNPs (C/T)
located throughout the human genome

We validated these markers with SNaPshot assays for 8
CEPH samples in July 2001 for the WTC investigation as
part of KADAP (Kinship and Data Analysis Panel)

We are evaluating these markers in U.S. populations
(N=189 so far)

Marker info now on STRBase forensic SNP site:
http://www.cstl.nist.gov/biotech/strbase/SNP.htm
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NIST]
Typing mtSNPs

Coding Region SNPs

Collaboration with AFDIL (Tom Parsons and Mike Coble)
Develop an 11-plex assay for typing SNPs outside the
control region

The 11 SNP sites are thought to help resolve Caucasians
with the most common mitotype (~7%)

Control Region SNPs
Typing population samples with Roche linear arrays
(Cassandra Calloway)
Probe 10 regions (18 SNPs) within HVI and HVII
Evaluate assay performance and ability to resolve U.S.
population samples

NST|

mMiniSTRs

(Reduced Size Amplicons)

CODIS loci
New miniSTR loci

CODIS State Administrators meeting
(Quantico, VA)
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Y-SNP Typing Conclusions

» Different technologies yield the same Y-SNP type
« Full concordance was observed between hybridization
and primer extension technologies on 18 different Y-
SNPs (>3,800 allele calls)

* Y-SNPs will have limited value for individualizing a sample
« 18 different types observed in 229 individuals

» Current Y-SNPs appear to have limited value for ethnic

differentiation in U.S. populations
One exception: M2 only in African Americans; not in Caucasians

Vallone, P.M. and Butler, J.M. (2004) J. Forensic Sci., in press (July issue)

I hvi 0 Hvi 10 probe regions I
1A

16093 Ic IE [11:3 IID 189
12
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STR Size Reduction

Through Moving Primer Positions Closer to Repeat

Forward flanking region

> > STR repeat
rrrrror ——-—
<+ <+

Reverse flanking region

Primer positions define PCR product size
Repeat information is independent of amplicon size

Advantages of Approach:

Size reduction enhances success rate with degraded DNA
Retains same marker information (database compatibility)
Uses highly polymorphic STR loci (high discriminatory power)
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. . . P ——
J. Forensic Sci. Sept 2003 issue Fager |
ok M. Hartter.” Piv 3 Vi Shen Pl and Brce 8 MeCord P D

Describes new primer
sequences for all CODIS loci
and initial assays developed

The Development of Reduced Size STR
Amplicons as Tools for Analysis of
Degraded DNA*

| = 0 100 120 190 180 150
| PCR product size (bp)
a0 | THO1
3000 TPOX
7 CSF1PO
2000 _| FGA  D21S11
1000 | D7S820

Size relative to ABI kits

How Close Can a Stable Primer be Designed to ng
the STR Repeat Region?
Locus Distance 3'end from Repeat Comment
CSFIPO F 14 partial repeat just 5' of repeat
R 6
FGA F AN
R 23 partial repeat just 3' of repeat
THO1 |F ~
R 1
TPOX F -4
R 5
VWA F 0
R 0
D3S1358 F -1
R -1
D58818 F 4
R -5
D7S820 |F S
R 65 polyA stretch just 3' of repeat
N

NST|
Why go beyond CODIS loci

“STRs have proven to be highly successful [for
mass disasters] in the past e.g. Waco disaster
and various air disasters. However, even if the
DNA is high quality there are occasions when
there are insufficient family members available
to achieve a high level of confidence with an
association.”

Gill, P., Werrett, D.J., Budowle, B. and Guerrieri, R. (2004) An assessment of whether SNPs will
replace STRs in national DNA databases-Joint considerations of the DNA working group of the
European Network of Forensic Science Institutes (ENFSI) and the Scientific Working Group on
DNA Analysis Methods (SWGDAM). Science&Justice, 44(1): 51-53.

May 25, 2004

NIST|
Reduction in PCR Product Size

Locus Size Difference (relative to ABI kits)
THO1 -105 bp
FGA
CSF1PO -191 bp
D21S11
TPOX -148 bp
D7S820 -117 bp

Not as much size reduction
as other STR loci...

NIS)
Problems with Large Allele Spreads

GenBank GenBank Allele Allele

STR Locus Accession Allele Range Spread
CSEIPO X14720 12 6-16 40 bp
[ FGa M64982 21 12.2-51.2 156 bp
THOI DO0269 9 3-14 44 bp
TPOX 11 5-14 36 bp
VWA I8 10-25 60 bp
D3S1358 18 3 48 bp
D3S81% 1 36 bp
D7S820 ACDD4848 13 40 bp
DESIITY AF216671 13 48 bp
D138317 AL353628 11 44 bp
D168530 ACD2459] 11 40 bp

[ D1sss1 APOD1534 18 %0 bp
D21511 APODD433 29 58 bp
Penta D APO0O1752 13 T3 bp
Penta E AC027004 5 95 bp
D2S1338 ACO10136 20 52 bp

NIST]|
Why go beyond CODIS loci

“To achieve this purpose, either new STRs
could be developed, or alternatively, existing
STRs could be supplemented with a SNP
panel.”

“There also efforts for modifying existing STR
panels by decreasing the size amplicons by
designing new primers.”

Gill, P., Werrett, D.J., Budowle, B. and Guerrieri, R. (2004) An assessment of whether SNPs will
replace STRs in national DNA databases-Joint considerations of the DNA working group of the
European Network of Forensic Science Institutes (ENFSI) and the Scientific Working Group on
DNA Analysis Methods (SWGDAM). Science&Justice, 44(1): 51-53.
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Why go beyond CODIS loci

» Desirable to have markers unlinked from

applications

degraded DNA samples

CODIS loci (different chromosomes) for some

» Small size ranges to aid amplification from

NIST]|

Initial Testing Results

>900 potential markers

!

61 markers with “clean” flanking regions

!

43 markers with amplicon size < 125bp

!

18 markers for initial testing

!

2 three loci miniplexes

NIST]

Miniplex 1

D10S1248

D14S1434
| Chr.  Marker Name | (Motify Repeat Size
e 10| Diosizas | TETRA 13 102
D2251045 GGAAZ3C0SN | GGAA
1 14| D14S1438 | TETRA 10 £
1) GATA168F06 | GATA

H

Some Marker Characteristics

Ref. | Amplicon | Primer distance

Miniplex 2

1 I D45236‘;

D2s441

22

1

2

a

D2251045
ATA37D06

D1S1677
GGAA22GTON

25441
GATABF03

Das2364
GAATIFO9

TRI
ATA

TETRA
GGAA

TETRA
GATA

TETRA
GAAT

105

103

NST|

from repeat

1

oo mw o o

IR
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Characterization of New miniSTR Loci

Candidate STR marker selection

Chromosomal locations and marker characteristics

PCR primer design

Initial testing results
Population testing

Allelic ladder construction
Miniplex assay performance

NIST]

Location

Locations of Focus for New miniSTR Loci Ng

(relative to CODIS 13 STRs)

Z1pox

I 1
1 1
1 1 < ] | h .
. . |
i o i oasus | [ |
1 1 H o] !
rfoo DTt L
R | Dssets
1 | 1 251338 ! TFGA CSF1PO
1 1 ! ! ! |
7 F=== r---
} | 10 ! 1,
el 1 [ 1 Hot
1 1 [
2078820 g | a
1 [ 1 1 h
josstre 1 [ 1 1 H
A ===1 L] -t -
e e Jp—
oo CETT T e r=;"
1 | ! ! 1 i :
sp13S37 | 1 B e Cl I 1
I b | FERES sptesszg | !
AMEL X
=7 |===n
19 20
| | ! 21 |2 1
fowssss 1| fose | (e
* Penta D
=Ll R
Chromosome

18

Y
¢ AMEL_Y

Allelic Ladders for New Miniplex01
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Allelic Ladders for New Miniplex02 ’ l_§;|

e e e e

66 0 M % % 00 06 100 10§ 1D ME 1 1

D452364
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4000
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3000
1000
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|-2000
1500
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NIST]

Sensitivity — 28 cycles

200pg A0 LA L B W R N NP
00pg 4 8 B B 0 N B BB Y JE
: mD10S1248
50pg ) A |2
20pe AD R RN B DR UN R
10 pg ,,J"j-._“."__,Q 4 5 0 8 8 8 I
5pg

Sensitivity - Degraded DNA from an OU Bone Sample

May 25, 2004

NIST]

Characterization of New miniSTR Loci

mD2S441
UL AR T UM R
123456 78910
mD1S1677
1P LEL Rl Y [ |. .. |I M| -.|.!. \ :_:.-...
12 3456 7 89101112 131415

mD22S1045

Sensitivity — 32 cycles — 2U Tanlg

wope T ALIALLLLIL =

wopg Ak [
2 : mD10S1248

50pg .J{-__d_._ A IBNEEEEE

200e DAT LA ke

10 pg LAl »_J"l_.__4r:

|
5pg .44’_';__ O | E

B ks i n Hmbb B Toom™ T w4 o B 8 0 W M0 B 00 0 4 W6 10
m; ™
0

i ini mD1051248
] MiniO1 . mD2251045
0 : mD1451434 J}

1, L Ak

| J T o K | )
o Qs s p i p n n s W w s v w kb w0 oW

1w [E

] ] D452364
w 'Y " ’ mD25441 leSl“”A Mini02
a: ]

o ! 0] /\ \ /\ A
. [BiGlvIBE: 4 | |

NIST]|

Future Plans with miniSTRs

Testing and characterization of more markers
Further population databasing
Testing on degraded materials (bones and hair)

Information will be posted on STRBase website and published as
these loci are characterized (article submitted to JFS for first set)

We would welcome collaborations with those wishing to test some of
these new miniSTR systems

CODIS State Administrators meeting
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NIST| NIST]|
$ Cost per sample (20 uL — 25 pL)

$ PCR $ $ TagMan
Assay Master Mix | Primers probe Total
Alu 0.80* 0.0025 NA $0.8025
DNA Quantitaﬁon THOA 0.80% 0.0025 NA $0.8025
CFS-HUMRT 0.73* 0.0025 0.17 $0.9025
RB1 0.73* 0.0025 0.17 $0.9025
Real-time PCR methods mtDNA 0.73* 0.0025 0.17 $0.9025
Interlaboratory Study Results Qfiler Human NA NA NA $2.50
Qfiler Y Male NA NA NA $2.50

* Platinum® SYBR® Green qPCR SuperMix UDG (Invitrogen, Carlsbad, CA)
#Platinum® Quantitative PCR SuperMix — UDG  (Invitrogen, Carlsbad, CA)

Assay specifications tried at NIST NST ; NIST
y pT Man Prob Comparison of RT-PCR assays
aglvian Frobes Following Published Protocols
30
- Series of NIST
Assay amplicon GeneTarget probe #Cycles population samples 2
CFS-HUMRT 62bp | Human tyrosine hydroxylase | 15 bp VIC 40 with a range of [DNA] i
11p155 gene from 40 pg to 23 ng -
RB1 79 bp Human retinoblastoma 26 bp FAM 50 . ?;SJ:HM
13 susceptibility gene The same “Standard” + RB1
MIDNA 143bp | tRNA lysine & ATP 29bpVIC | 50 was used for all 1 rectororid
synthase 8, Coding Region methods (8 dilutions). —— Factorof 1.8
Qfiler Human 62 bp Human telomase reverse ? FAM 40 . ° {
5p15.33 transcriptase ("TERT) Time for the assay: JE
Qfiler Y Male | 64 or 61bp | Sex-determining region Y | ? FAM 40 Alu-RT-PCR ~125h """ % 5 =m0 =
Yp11.3 gene (SRY) (fewer cycles required) B i
The rest ~ 1.75 h X = median value for all methods
) Y = measured value for the method

Results of NIST Quantitation Study 04
NIST QS 04 Results-Box plots
Consisted of: , Total Direct, Bict peRAT
8 DNA extracts labeled A — H Shipped Dec 2003 —Jan 2004 < ';'_' _ N=27 & 3 N=187 4E N =60
Shipped to 84 laboratories for quantification. ) 1 Teflon "ﬂ i
Labs asked to use multiple methods / multiple analysts 7 =, tube .. &
Last day for submission extended from 15 March to 5 April 2004 | 1
y P 20 Hﬂ_hé B E “H-:H
s F &
We received data from 80 Labs (95%) ‘ skam'pk; o
Total of 287 sets of data
Participants used 19 different quantification methods Width of the box is proportional to the number data points.
(primarily variations on Quantiblot and Real-time PCR) Line in the box is the median value.
The box represents 50% of the data submitted.
Dot is the target [DNA].

CODIS State Administrators meeting
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NIST]|
Comparison of the Blot Methods

Im ™HE |:| ECL H ALCE
- . ol
i i i
= = ||:|,., v
| ol il L
v N =98 N=75 N=14

NIST]|
NIST QS 04 Results-Target Plots

Direct,
Blot

Direct,
Non-bldt

Apparent Pre cision

e
Concordance
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014

0.014

NIST]

AluQuant and PicoGreen

Mon-PCR Non-PCR
. AluQuant E Fico
il 1 N=12
N=13
. ﬂ H
H . . ﬁ E
a 1l 3 H H H ;
. B . o
Over-estimating (due to
poor sensitivity of assay)
T —T T T T — T T
A B E c F o} H A B E c F 0D G H

NIST]
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