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Current Areas of NIST Research Effort

Department of Justice

Standard Information Resources (STRBase
information, training materials/review articles, validation
standardization, calibration datasets)

Interlaboratory Studies (real-time PCR, mixture

interpretation)

Resources for “Challenging Samples”
(miniSTRs for degraded DNA)

Information on New Loci (v-Chromosome, new STRs)

NST|

Standard Information
Resources

STRBase, training materials, variant allele
sequencing etc.

http://www.cstl.nist.gov/biotech/strbase/
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— STRBase Updates
= (since July 2004)

Validation section

miniSTR section

Y-chromosome information (multiplexes & databases)
Population data summary & OmniPop program
download (courtesy of Brian Burritt)

Reference Sequences for Commonly Used STR
Markers

More minor additions

« Additional commercial STR kit schematics (Yfiler, PowerPlex Y)

« Published Promega primers (added PP16)

< Additional NIST publications/presentations (14 new talks, 12 new papers)
« Additional variant alleles & scientist addresses

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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NEAFS Workshop Slide Handouts NST

Handouts available as downloadable pdf files from
http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm#NEAF Sworkshop

2 day workshop with >500 slides describing STRs and CE
(ABI 310 and ABI 3100)

NEAFS CE-DNA Workshop (Butler and McCord) Sept 29-30, 2004

Capillary Electrophoresis
in DNA Analysis

Qutline for Workshop
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Review Article on STRs and CE N

pdf available from http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Validation Standardization
Efforts

Presentation at Promega meeting
(October 2004)

http://www.cstl.nist.gov/biotech/str
base/validation.htm

We have been contacted by NFSTC with the desire to collaborate on
validation standardization—they do not plan to produce validation kits now
but rather have a workbook to help members of the community with
validation...

New Validation Homepage on STRBase NE
|—j http://www.cstl.nist.gov/biotech/strbase/validation.htm

Validation Information to Aid Forensic DNA Laboratories

if Validation Summary Sheets |
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Can Validation be Standardized?

Statements from survey responders...
Over 86% (45/52) said yes

Those who responded “no” said
— “to some degree it can be, however, validation is specific to the
platform, kits, ...",
— ‘“a start-up lab should do much more than an experienced lab...”,
— “validation builds on previous work by lab or published data”,
— “parts of it can be standardized; | don't think the non-probative
cases could be”, and
— “only in a general way, as with the SWGDAM guidelines. The
uniqueness of each new procedure would make standardization
difficult.”
Our Conclusion...
to a certain extent it can...but everyone will always have a
different comfort level...and inflexible, absolute numbers for
defined studies will not likely be widely accepted

Validation Standardization Qi i e J August 2004)

Validation Summary Sheet for PowerPlex Y NE
Study Completed (17 studies done Description of Samples Tested (performed in 7 labs and Promega #Run
Single Source (Concordance) 5 samples x 8 labs 40
6 labs x 2 M/F mixture series x 11 ratios
(1:0,1:1,1:10,1:100,1:300,1:1000,0.5:300, 0.25:300,0.125:300,
Mixture Ratio (male:female) 0.0625:300, 0.03:300 ng M:F ) 132
6 labs x 2 M/M mixtures series x 11 ratios (1:0, 19:1, 9:1, 5:1, 2:1, 1:1,
Mixture Ratio (male:male) 1:2,1:5,1:9, 1:19, 0:1) 132
Sensitivity 7 labs x 2 series x 6 amounts (1/0.5/0.25/0.125/0.06/0.03) 84
Non-Human 24 animals 24
NIST SRM 6 components of SRM 2395 6
10 ladder replicates + 10 sample replicated + [8 ladders + 8 samples
Precision (ABI 3100 and ABI 377) 36
Non-Probative Cases 65 cases with 102 samples. 102
Stutter 412 males used 412
Peak Height Ratio N/A (except for DYS385 but no studies were noted)
Cycling Parameters 5 cycles (28/27/26/25/24) x 8 punch sizes x 2 samples 80
Annealing Temperature 5labs x 5 temperatures (54/58/60/62/64) x 1 sample 25
Reaction volume 5 volumes (50/25/15/12.5/6.25) x [5 amounts + 5 concentrations] 50
4 models (4801240019600/9700) 1 sample
Thermal cycler test +[3 models x 3 sets x 12 samples] 7
Male-specificity 2 females x 1 titration series (0-500 ng female DNA) x 5 amounts each 10
TaqGold polymerase titration 5 amounts (1.3812.06/2.75/3.44/4.13 U) x 4 quantities (1/0.50.25/0.13 ng DNA) 20
Primer pair titration 5 amounts (0.5x/0.75x/1x/1.5x/2x) x 4 quantities (1/0.5/0.25/0.13 ng DNA) 20
Magnesium titration 5 amounts (1/1.25/1.5/1.7512 mM Mg) X 4 quantities (10.50.25/0.13 ng DNA) 20
Krenke et al. (2005) Forensic Sci. Int. 148: 1-14 TOTAL SAMPLES EXAMINED

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Laboratory Internal Validation Summaries
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Summaries of Validation Studies Conducted In Indisidual Laboratorbes (not published in the Bterature)
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NIST QA/QC Software

Tool being developed by Dave Duewer for STR Process Control

Will be ilable soon for beta-testil
still working on user’s manual (and will
need NCBI file conversion program to be
more easily accessible)

Peak Date
' s Height, |—— v
| NCBI Area, NIST Resolution
Multiplex QAC | (or Signal/Noise)

Tracks internal size
standard in samples

Program Size
9 Software
X1y We welcome data sets
103 | 436 to help calibrate this
104 | 569 software tool

This software does not perform genotyping.
It merely permits a view of analytical parameters over time.
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Goals of this Validation
Standardization Project

* To help the community gain a better
understanding of the validation process and
how others have implemented validation in
their labs so that validation in one’s own lab
may be performed more quickly

» To help with establishing uniformity
throughout the field to aid auditors in their
inspections

R e TR e &

e

g Bl ] i
|| | =

i g { Pl Jf g 1 gl | Pt CommandCorin i M W (4] ne

NIST]

Variant Allele Sequencing

* Recent examples:
— D18 null alleles
— D18 large allele
— DYS392 variant

* AAFS talk (Feb 26, 2005) by Margaret Kline
on sequencing methods and applications

* We are happy to sequence unusual variant
alleles for laboratories

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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vWA Allele Dropout Observed

What started our interest in sequencing variant alleles

AmpFISTR Blue (1997) primers 16,16
@ L Amp (1997) p

Promega primers 16,19
F\] “— 190 —

51 160 160

ABI monoplex primers

Kline, M.C., Jenkins, B. & Rodgers, S. (1998) Non-amplification of a VWA
allele. J Forensic Sci., 43(1), p250

NIST]

Concordance between STR primer sets is
important for DNA databases

PowerPlex 16 DNA
Database

|

Search results in a false
negative (miss samples that
should match)

Profiler Plus

Allele Dropout Reduced match

e.g., VWA stringency is 'a
common solution

vWA Primer Position Comparisons

Promega STR Kit PowerPlex® 16
Outside of forward PCR primer 155 bp Krenke et al. (2002) J.

30t qqpp Forensic Sci. 47:773-785

* 9bp 30 nt -
T->A — GenBank =
18 repeats

ABI STR Kit

Impacts 2 base Profiler Plus™
from the 3'end 184 bp
-— 50 bp
f 1Mbp GG =~ ~ AN
T->A

Walsh, P.S. (1998) J. Forensic Sci. 43: 1103-1104 © Y

In 2 out of 1,483 individuals tested = 0.067%
Lazaruk et al. (2001) Forensic Sci Int. 119:1-10

April 5, 2005
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Null Alleles

+ Allele is present in the DNA sample but fails to be
amplified due to a nucleotide change in a primer
binding site

+ Allele dropout is a problem because a heterozygous
sample appears falsely as a homozygote

» Two PCR primer sets can yield different results on
samples originating from the same source

» This phenomenon impacts DNA databases

+ Large concordance studies are typically performed prior
to use of new STR kits

For more information, see J.M. Butler (2005) Forensic DNA Typing, 2" Edition, pp. 133-138

Impact of DNA Sequence Variation in the N'S l
PCR Primer Binding Site
Heterozygous alleles
are well balanced
68 No mutation
- i o o o o | bl
— T +
\mbz\z:r;‘e mhaHe\E Mutation in
peak heights
6 middle of
— o - - - .
A 8 primer
> rrrrrrrm — binding site
8 . ,
A Crrrr « Mutation at 3’-
¥ .
H end of primer
T binding site
los ampicon (allele dropout)
Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Figure 6.9, ©Elsevier Academic Press

Apparent Null Alleles Observed During Concordance Studies
10/13 CODIS loci affected so far

Locus STR Kits/Assays Results Reference
Compared

VWA PP1.1vs Loss of allele 19 with ProPlus; fine with Kline et al. (1998)
ProPlus PP1.1

D5S818 PP16 vs ProPlus Loss of alleles 10 and 11 with PP16; Alves et al. (2003)

fine with ProPlus

D138317 Identifiler vs Shift of alleles 10 and 11 due to Butler et al. (2003),

miniplexes deletion outside of miniplex assay Drabek et al. (2004)

D16S539 PP1.1vs PP16 Loss of alleles with PP1.1; fine with Nelson et al. (2002)
vs COfiler PP16 and COfiler
D8S1179 PP16 vs ProPlus Loss of alleles 15, 16, 17, and 18 with Budowle et al. (2001)
ProPlus; fine with PP16
FGA PP16 vs ProPlus Loss of allele 22 with ProPlus; fine with Budowle and
PP16 Sprecher (2001)
D18S51 SGM vs SGM Loss of alleles 17, 18, 19, and 20 with Clayton et al. (2004)
Plus SGM Plus; fine with SGM
CSF1PO PP16 vs COfiler Loss of allele 14 with COfiler; fine with Budowle et al. (2001)
PP16
THO1 PP16 vs COfiler Loss of allele 9 with COfiler; fine with Budowle et al. (2001)
PP16
D21s11 PP16 vs ProPlus Loss of allele 32.2 with PP16; fine with Budowile et al. (2001)
ProPlus

From Table 6.2 in J.M. Butler (2005) Forensic DNA TZE’"Q' 29 Edition, p. 136

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 4
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Forensic Sci Int 2003;133:220-227
..
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Identification of a DES117Y pamer binding site mutation and
the validation of a primer igned o recover null alk

_Hl.

Nen-amplified DES1178 Allele
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D8S1179-R

Extra D8S1179-R primer
now present in Identifiler
and Profiler Plus/D kits

Amplified DBS1179 Allele

AN ERENNN

Variation in the Flanking Region ng
Can Cause Variant Alleles

D7S820 Example: commonly observed x .3 and x .1 alleles

Likely the result of a variation in the number of T's found in a
poly(T) stretch 13 bases downstream of the core GATA repeat.

(Egyed, B. et al. Forensic Sci. Int. 2000, 113, 25-27).

http://lwww.cstl.nist.gov/biotech/strbase/var_d782.htm

Allele | Allele | Instrument|Amp Kit'] _ Contributor Verification/Conformation Notes Frequency
ignation| Size Method(s)
121[3) | 28165 | ABI3I0 | PR | Kelly Dufly/R Rubocki

Gbserved both from suspect

12104 | 281 ABI310 | PR Gintautas Svilpa and crime scene stain 1
12.1(5] | 283 ABI3TT_|_PS Catherine Allor Reamplified and Reanalyzed_| Patemity sampies only | _1in 11100
7 285 ABI377 | _CO_|Kally Solis, Texas DPS Re-extraction Convicted oflender | _1in 68000 _|
1 2868 | _ABI310_| PR MP | Margaret Kiine Reamplified with two Kits. 1in 600 samples
131(2) | 287 ABI377_| CO.PS | Nicole Swinton | Re-extracted and Reamplified

Allele Frequency at the time of reporting
12.3 frequency 1 in 68000
13.1 frequency 1in___600

NIST]|
Variant Alleles Cataloged in STRBase

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

Off-Ladder Alleles

266 total variants reported as of D2/28/05

» CSFIPO(12) 60 total patterns reported as of 03/01/05
» D281338(3)

Tri-Allelic Patterns

« CSFIPO (2)
Currently 266 | %5” Currently 60
at 13/13 CODIS loci |, 73820 2) at 13/13 CODIS loci

+ D8S1179 (5)

+ FGA (9)
« HUMTHOL (1) ][]
o TPOX(13) L"_H“
» VWA ()

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Microvariant “Off-Ladder” AIIeIesN -

» Defined as alleles that are not exact multiples of the
basic repeat motif or sequence variants of the repeat
motif or both

+ Alleles with partial repeat units are designated by the
number of full repeats and then a decimal point
followed by the number of bases in the partial repeat

« Example: THO1 9.3 allele: [TCAT], -CAT [TCAT];

NIST]

Variation in the Flanking Region Can Céuse
Variant Alleles

D7S820 Example: commonly observed x .3 and x .1 alleles

GATAGAACACTTGTCATAGTTTAGAACGAACTAACGATAGATAGATAGATAGATAGATAG]
CTATCTTGTGAACAGTATCAAATCTTGCTTGATTGCTATCTATCTATCTATCTATCTATC

13 repeat units = (GATA),;5 8Ts TTTTTTTT  x.3 > 123
10Ts TTTTTTTTTT x.1 - 13.1

9T’s nominal “on ladder”
[aTd GATAGATAGATAGATAGATABAC TTTTTTTTAATCTCACTAAA

TATCTATCTATCTATCTATCTATCTATCTGTCTAACTATCAAAAAAAAATTAGAGTGATTT

Steps in STR Allele SequencingN -
PCR

Gel Separation

Gel Cutouts with DNA Extraction  amplification | - :
Heterozygotes T - .
Re-Amplification
Amplicon "
Quantitation ) 1

ExoSAP Quantitation Allele Isolation
with gel cutouts R 50 8
Cycle Sequencing

Dye Terminator Re-Amplification
Removal
GAAA repeats
L ¥ WYY il 3 F WYY WYY Y i

FIR Sequence
Alignment to
Reference Sequence

AP A Y A A Y

DNA sequence analysis
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Steps in STR Allele SequencingN
sl ol el e PCR

Amplification

Gel Cutouts wi Sequencing primers outside commercial kit primers
Heterozygotes

Re-Amplification

; . N
Steps in STR Allele Sequencing
Gel Separation Allele

Isolation with
gel cutouts

(3]
o
5 2 - a
@ h» =
o o = Ik
22 Hg
B e 0o

FGA

14

12

Re-Amplification

9%T 3%C
gel 32 cm

50 mMTris Formate
FIR Sequence in the Gel
Alignment to Sodium Borate
Reference Sequence Running Buffer

Steps in STR Allele SequencingN

ExoSAP Treatment
of PCR Products
Removes unconsumed dNTP’s and primers

Target 7 ng of the PCR product
for sequencing reactions

Cycle Cycle
Sequencing Sequencing
(F primer only) || (R primer only)

DYE Terminator removal =

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Steps in STR Allele SequencingN

12samples ~45  Agjlent 2100 Bioanalyzer
minutes

=3
= | CSF1PO
| - I 12,14
| 517 bp

e - ) LN
P big
= D18S51
15,22
| 431bp, 455bp

DNA Extraction

leter -
= 12 samples ~45 Agilent 2100 Bioanalyzer
Re-Amplification minutes

[ Exosap ] 2 9335 53447 628
3 9840 435 645
4 10075 13343 E99

5 10210 1007 750

& 10605 9187 946

b7 11055 7001 1500

NIST]

Forward & Reverse Sequence Alignment

i@ D12531 Tgenbank||TTACAAARTACATTATCTATCTATCTATCTATCTATCTATCTATCTATE
{@ AD1_1D*1 AB1 |TTACAAATACATTATCTATCTATCTATCTATCTATCTATCTATCTATE:
1@ B0t 2D™1.AB1 [|ITTACRARTACATTATCTATCTATCTATCTATCTATCTATETATCTATE

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

|Dverview | ‘ Summaryl | Cut Map | | Find | ‘ Show Chromategrams | ‘Help Inzel

255 frag bases | ] | L] 1248 | P | T
£ 85 consensus ||

bases selected
at consensus
position 228 | m '
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EXAMPLES

(1) Deletions impacting miniSTRs with D13

(2) D18S51 point mutation causing null
alleles in some Middle Eastern individuals

(3) Large D18S51 allele 40
(4) Small D18S51 allele “5.3”

(5) Characterization of DYS635 allele 21.3
variant

- Shaw Chramatograms | | He

ZT79305: D13S317 TGTC deletion INIST|

TTTTHG6C

1353 7genbank T TACARATRCATTATETRTCTATCTATCTATCTATETATC TATC TRTE TATETATERRTCARTEATETATCTATETTTCTOT

ToCC

&) 401_10°1.481 [T TRCARATACATTRTCTATCTATCTRTCTATCTATCTATCTRTCTATCTATETATCTR CTATCTTTGTOTC
Elpo1 201 481 [TTACARATRCATTATETATCTATCTATETATCTATETATCTATCTATE TRTCTATETRTCARTCATCTATETATETTTETGTC

TITTBEECTECC
TITTBGECTOCE

@255 frag bases T720 | FEr | EE) | P 780 |77 758 Za0 Kl
ITTACARATACATTATETATCTATCTATCTATCTATCTATCTATCTATC TATETATETATCARTCRTCTATCTATCTTITCTGTE TTTTB6ECTOE
.

.85 consansus
bases selected
at cansensus

position 228 I il ] \.

A1 _1D™T,AB1 Fraqment bases #228-312
li A CARTCATCT
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oo
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=l
i
=|n

EEm— ]

TCTATCITTICTG 3
TCTATCTATCTATCAATCATCTATCTATCTTITCTGTOUTT
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D13S317 Primers and Mutations INISST]
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Examination of Concordance:

African American sample ZT79305

Drabek, J., Chung, D.T., Butler, J.M., McCord, B.R. (2004) Concordance study between
miniplex STR assays and a commercial STR typing kit, J. Forensic Sci. 49(4): 859-860.

NIST Identifiler data Ohio U miniSTR data
Sepree e ey R RAREN REARE REE e
20 230 230 240 35 00 1o 120 130 14

S

1 15 Green ZT74305

Really “11-1” allele This problem has been seen multiple times by
NYC OCME review of WTC BodePlex data

A deletion outside the miniSTR primers causes the
commercial kit produced allele to appear one repeat
smaller...

ZT79305: D13S317 TGTC deletion  INISST|

D138317 genbank T A T[T TTCTGTCTGTCT TTTTGGGCTGLC

sequence

Sample Forward [ TRTCTTTCTGTC: ¢ i iTTTTTGGGCTGCC

Sequence

Sample Reverse [ THTLRTTTCTGTC ) &3 s TTTTTRGGCTGCC|

Compliment Seq

| T 1254 1318 ¢
STATCTTTCTGTCE S aTTTTTGGGCTGCC:

GTATTGCAAGCAC TTAGT TACAT TTCTAGCATA TAACACATGATCAAT AARTA TTTTGACATGAACAAATGGT AATTCTE

CAT AACGT TCGTGAATCAATGTAAAGAT COTAT ATTGTGTACT AGTTATTTAT AAAACTETACTTGTT TACCA TTAAGAC

CCTACAGECAATE TEAATATTOGGATGE GTTGE TRGACATGETATCACAGAAG TETAGGATGTGOAGEAGAGT TEATTTE

CCATETCEETTACACTTATAACCCTACE CAACEACCTGTACCATAGTE TCTTC ABACCCTACACCTCC TETCA AGTAAAG

TTTAGTGEGCATC CBTEACTCTC TGRAC TCTGA COCATCTARCGCCTATCTGT ATTTACAART ACATT ATCTATCTATCT

444 TCACCCGTAGGEACT GAGAGACCTG AGACT GEGTAGATTGCGEAT AGACA TAAATGTTTATGTAS TAGAT AGATAGA

L L—11 1At —

AT TATCTATCTATETATCTATC TATCT ATCAA TEAATCATCTATATATOTTTCTGTOTGTCT TTTTEGGETGCCTATGE

TAGATAGATAGAT ABATAGATAGATAGA TAGTTAGTTAGTAGATAGAT AGAAS GACAGACAGIA AAAAC COBAC GRATACE

Repeat | D12 pnini B

]
11 TATC L !
[ LN | < FP16 R
L) [ [

o
T
-

CTCAACCCAAGTT GAAGGAGGAGATTTEACCAR CAATTCAAGCTCTCT GARTATGTTT TCARAATAAT GTATATTAATGA

|5AGTTEEE T TCAN T TEC ToCTE TAAAC TEETT BT TAAGTTCGABAGA CTTAT ACAAAACTTTTATTACATAT AATTACT

Boutrand et al. (2001)

s00

=g

CAATCAATCATCTATOTATL TTEITGTEITGTQT TTTTGGGLTGLOOTA®

STTAGTTAGTAGATAGAT AGAAAGACAGACAGAAAAACCCGACZGGAT.

] < D13 mini R |

11 ]
[ae] < FFP1G R
L1 L |
Null allele del]l  smaller

amplicon

A AAT T AAG L T TL TGAATATGTTT TGAAAATAATGTATATTAA®

STTGTTAAGT TE G AGAGACTTAT ACAAAACTTTTATTACATATAATT.

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 7
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D18S51 Variant Allele

Kuwait Samples

PowerPlex 16 Result Identifiler Result
A
fig]
Allele 18 drops out
B 1 | "4
[g]

Clayton et al. (2004) Primer binding site mutations affecting the
typing of STR loci contained within the AMPFISTR SGM Plus kit.
Forensic Sci Int. 139(2-3): 255-259

D18S51 Polymorphism NS

(PP16 primers not affected; ABI primers show allelic dropout)

=] 172 bp downstream of STR repeat (G>A)

TCrTaT

PowerPlex 16 primers are not
impacted by this mutation in the
flanking region of D18S51

NST|

Gel Separation Of D18 Variant
Alleles

Direct sequencing —>- H 40

to avoid Stutter band-~~

17 - - — -
B - 13

Reamplify from cut out
- — ;- —

Bands and Sequence

April 5, 2005

NIST]

Base change ~ 172 bases from D18S51
Repeat results in a Null Allele

Reverse sequence read obtain from the gel cut outs

T T TAAAMATARCAAAMCE/C|GAC TACCAGCAACAACACAAATALACAMACES
I

TG AC TACCAGCARCAACACAAATAAACARACES
& T ()

18 allele
i r:. .I l Plr'lﬂ'

CoT

Extreme D18S51 Variants NIST

Range 258 — 396 bp

e e e e e e e e e
230 230 240 250 60 90 280 200 300 300 920 330 340 350 O3B0 37D 38D 380 400

TROX D18s81
A e
1 E

Samples amplified with Identifiler.Nominal range 8 - 28
Small D18 allele just outside of the TPOX allele range.
Large D18 is 46 bp larger than the D18 allele range.

NIST]
D18S51 sequencmg Sample 188

Nominal
allele

7.8, 9, 10, 11 12 137

T A

[9 base deletlon [AAAGAGAGA]

Pl

il B A

Nominal allele range 8-27 repeats. Sample courtesy DNA Solutions

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Large D18S51 Allele Characterized at NIST [@_ s | ;l

Sample from Christine Moraczewski, NE State Patrol Crime Lab ghou‘dg on
enta
ﬂ—‘ 200 300 30 30 3 0 B0 B0 W0 B/ I A0 4| gele

1600

] PowerPlex 16 FGA
1200

] CSF
. D18 Penta E Penta D
400

o] ﬁ A ﬁ /ﬂ. A

2000
2300 Allele D18S51 monoplex

1800 3 14 //-\Ileb
[ 407 |\

1200 4 Typical D18S51 allele range (8-28) |
600 <

[ \
E —> |
03 Size difference = 102 bp \ |

1600 |

Penta E monoplex

1200 an ABI D18S51 monoplex
50
] b gave same result i A"éa,e Alele
<n0 | |10 ] Size difference = 105 bp ‘/ J\\ 12
o] (i)

DYS635 Variant Allele 21.3 NSt

(Y-GATA-C4)
Yfiler allelic ladder

R A AR S S A I A A
245 80 235 260 65 70 i 360
DV5635 |
* 401 _Izdder_Fun_310...1.f=2 1 Velloy lasder

LA E

T Y e e
8.

Missing T
[ DY S35 | *
AD4_MAZ9328_Run_31...2.fs3 2 Vellow Wi20918 TETAT CHTCT A

2000
1000 T f? ||
257 2]

[TCTA],(TGTA),[TCTA],(TGTA),[TCTA]L(TGTA), [TCTA], TC-A [TCTA],

NIST]

Interlaboratory Studies

DNA Quantitation (2004),
Mixture Interpretation (2005)

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

April 5, 2005

DYS392 Flanking Region Polymorphism

Normal sequence i i

GGEACCCAATTTT

180 bp upstream of the STR repeat

C-to-G Mutation
CCARTTTT

“' PowerPlex Y and Yfiler kits are external to this
A

DL . polymorphism while Y-PLEX 5, which creates a
sample smaller amplicon for DYS392, is internal and
therefore not impacted...

NST|
Analysis of Common STR Variant Alleles

* We have monoplex primers for all common
STR loci and kits

* We have sequencing primers that bind
outside of STR kit primer sequence positions
to enable view of polymorphic nucleotides
that cause primer binding site mutations

* NIJ has funded us to characterize STR
variants for the forensic DNA community

D16S539 (bottom strand)

1.2 3 .4 o5 46 17 45 4900 41 3

NIST]|
NIST Quantitation Study 2004 (QS04)

Consisted of:

*8 DNA extracts labeled A — H

*Shipped Dec 2003 —Jan 2004 to 84 laboratories for
quantification; data received back by April 2004

*Labs were requested to use multiple methods / multiple
analysts

We received data from 80 Labs (95%)

Total of 287 sets of data

Participants used 19 different quantification methods
(primarily variations on Quantiblot and Real-time PCR)

Information from this interlab study is being used to help construct
SRM 2372 (Human DNA Quantitation Standard)
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Interlaboratory Comparisons

Laboratory Performances with Real-Time PCR Methods

60 data sets

g

Apparent Precision

0 = Quantifiler
1=Alu RT-PCR
5=BRCAIl

6 = CFS-HUMRT

Concordance

Kline, et al., J. Forensic Sci., in press (May 2005)

April 5, 2005

NIST]|

Mixture Interpretation Interlab Study
(MIX05)

« Only involves interpretation of data

« As of early March, ~97 labs are enrolled for participation (22
from overseas)

« Four mock cases supplied with “victim” and “evidence”
electropherograms (GeneScan .fsa files — that can be converted for Mac or
GeneMapper; gel files MAC & NT made available to FMBIO labs)

« Data available with Profiler Plus, COfiler, SGM Plus, PowerPlex
16, Identifiler, PowerPlex 16 BIO (FMBIO) kits

« Summary of results with involve training materials to illustrate
various approaches to solving mixtures

Perpetrator
[T
i I| Profile(s) 77
- I""I"-I E— Along with reasons for

making calls and any stats
that would be reported

Kline,

NIST]

Tahle 2 The percent raccess rate reported for & sample

%% Quantitative Fesndts®

Target [DNA] ngiel, 15 || 05 | 05 |06 |006 005 || 005 005
Method New A B E C F D G T
Quansfiler m 100 | 100  L0O | 100 | lOO 100 | 0O W
Cehes RT-PCR 23 1o 100 | wa || 100 || 100 100 | wa 100
“ACES" 14 100 | 100 | 10O 100 | l0O 100 | l0O 100
AluCrant 13 o 100 | 0o || 100 || 100 100 || oo 100
FicoCreen 12 wo | w0 2 100 w0 n 3 %3
ECL L] (L] 9 L 3 95 = L Lo}
T™ME a8 0o | 100 L 93 L] 59 62 63
Yield gel 14 7 ] o 1] o ] o ]

kil

Cruantitative results are those that were reported as walues, vahues reported as the range
hemween contiguous calibration standards, vahies reposted a3 less-than the Jowest calsheation
standard if smaller than the target [DMA], or values reported a2 greater-than the highest
calibration standard if larger than the targat{ DHA]

etal., J. Forensic Sci., in press (May 2005)

NST|

Resources for
Challenging Samples

Degraded DNA and Mixtures

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

NIST]

Plans for Dissemination of MIX05 Results

Data shipped & on STRbase in mid-January 2005
through February

» Responses were due on March 15, 2005. BUT we are
still taking results!

» Goal is to understand the “lay of the land” regarding
mixture analysis across the DNA typing community

Results will be discussed at NIJ DNA Grantees Meeting
(June 2005), SWGDAM (June 2005), and ISFG (Sept
2005)

» We plan to develop training materials to aid in mixture
interpretation with available software tools and to help
in standardizing reports involving mixture analysis

NIST]|
Degraded DNA work

» ENFSI study participation
— compared STRs, miniSTRs, and autosomal SNPs on same
set of degraded DNA samples provided by Peter Gill
* miniSTR website
— http://www.cstl.nist.gov/biotech/strbase/miniSTR.htm
* New miniSTR loci published
— http://www.cstl.nist.gov/biotech/strbase/pub_pres/Coble2005miniSTR.pdf
* SNP markers and assays
— http://www.cstl.nist.gov/biotech/strbase/SNP.htm
» Performance of miniSTRs on shed hairs
— Mike Coble spoke at AAFS (Feb 25, 2005)

10
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NIST]| NIST]

Recent Publications on miniSTRs STR Size Reduction
Through Moving Primer Positions Closer to Repeat
« Butler, J.M., Shen, Y., McCord, B.R. (2003) The development of

reduced size STR amplicons as tools for analysis of degraded
DNA. J. Forensic Sci 48(5) 1054-1064.
Forward flanking region Reverse flanking region

* Chung, D.T., Drabek, J., Opel, K.L., Butler, J.M., McCord, B.R.
(2004) A study on the effects of degradation and template —> —p STRrepeat
concentration on the efficiency of the STR miniplex primer sets. R
J. Forensic Sci. 49(4): 733-740. <+ <+

- Drabek, J., Chung, D.T., Butler, J.M., McCord, B.R. (2004) Primer positions define PCR product size ]
Concordance study between miniplex STR assays and a Repeat information is independent of amplicon size
commercial STR typing kit, J. Forensic Sci. 49(4): 859-860.

Advantages of Approach:

+ Coble, M.D. and Butler, J.M. (2005) Characterization of new B B :
miniSTR loci to aid analysis of degraded DNA., J. Forensic Sci., Size .reductlon enhanc'es succe'ss rate with degraded‘ DNA
in press. (January 2005 issue) Retains same marker information (database compatibility)

Uses highly polymorphic STR loci (high discriminatory power)

http://www.cstl.nist.gov/biotech/strbase/miniSTR.htm
http://www.cstl.nist.gov/biotech/strbase/miniSTR/timeline.htm

NIST]

Comparison of PCR Amplification Success Rates

PCR Product Size (bp) with Commercial Kit vs. miniSTR Assays
&0 Ki=1 100 128 180 178 200 2258 250 275 300 N R
Single amp for 15 STR loci
. PowerPlex 18
COfiler™  AMEL THO1 CSF1PO i Study with 31 bones

o v v e from the “Body Farm
MMM__JWWM_JU'L"U'UJ\MW_ S TR T (Knoxville, TN) and

Franklin County

o o
adapted to CE analysis with 223 bp . Coroner’s Office (OH)
addition of fluorescent dye m w m W .
to one primer... TPOX individual -

A WA baxnm POX
TPOX Three amps for 12 STR loci -183 bp, 173 bp
. . Big Minipiex Miniple Miniplex &
150 bp size reduction | ——— i —— }:K . s ;
- QS‘ S 10 bp 0 b B0 bp Wokp 20 by
OC‘ M THI DssaIs WA
73 bp Yﬁ)m B \ X\ 10ir a4t
TPOX small pﬁs‘e“ —
TF(-}R 1Si20 D353
100 1% i

New primer sets are intended to aid with typing degraded DNA samples as
well as future microchip CE and mass spectrometry applications...

Chung, et al., The application of miniplex primer sets in the DNA profiling of human skeletal remains, submitted

________ New STR loci beyond CODIS NIST| o o NIE
— , miniSTR Assay Sensitivity (D10S1248)
D10S1248 A 6-FAM
D14S1434 | vic Miniplex01 e — e —T
20009 ) E -
D2251045 Il NED - &
100 pg | s Ao EE
AR AT AR M A AR MR AR : 50 pg i E | | [::z:
D452364 6-FAM me
' o - 20 pg LB i
D2S441 A vic Miniplex02
o 10 pg L) e WIE
D1S1677 \ J NED
S — - 5 pg O EEE
Coble & Butler (2005) JFS 50:43-53 Tt

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 11
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NIST|

Information on
New Loci

Autosomal SNPs, Y-Chromosome

Standard U.S. Population Dataset NIST]|

http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm
260 Caucasians, 260 African Americans, 140 Hispanics, 3 Asians = 663 males

Genetic Markers Loci Examined

D2S1338 and D19S433

miniSTRs information has been provided to

the FBI for inclusion in PopStats
to aid statistical calculations

Publications
Butler et al. (2003) JFS

Common STRs

Drabek et al. (2004) JFS

New autosomal STR Coble et al. (2005) JFS

Autosomal SNPs

Common Y-STRs

New Y-STRs

Y-SNPs

mtDNA

70 C/T SNPs (Orchid panel)

22 loci (27 regions)

Yfiler concordance study
27 additional loci
50 loci spanning haplogroups A-R

LINEAR ARRAY and coding mtSNPs

Full control regions by AFDIL

Vallone et al. (2004) FSI

Schoske et al. (2004) FSI

Data in ABI Yfiler database
Butler et al., in press FSI

Vallone et al. (2004) JFS

Kline et al. (2005) JFS

inclusion in EMPOP

New Y-STR Loci, Issues, and Assays

Updates on Y-chromosome information
— http://www.cstl.nist.gov/biotech/strbase/y_strs.htm

Testing on 27 new Y-STR loci

— Butler, J.M., Decker, A.E., Vallone, P.M., Kline, M.C. (2005) Allele frequencies for 27
Y-STR loci with U.S. Caucasian, African American, and Hispanic samples, in press FSI

Chromosomal duplication issues

— Butler, J.M., Decker, A.E., Kline, M.C., Vallone, P.M. (2005) Chromosomal duplications
along the Y-chromosome and their potential impact on Y-STR interpretation, in press

JFS

NIST]|

April 5, 2005

N
NIST U.S. Population Samples

As of 06/2003 663 males (anonymous; self-identified ethnicities)

260 Caucasians
260 African Americans
140 Hispanics

3 Asians

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

On.average ~80 jig total '

extracteéd géhomic DNA

Working tubes/plates 1 ng/uL
To date: (~85,000 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 STRs 27 new loci (14,535)

Working tubes |

THINNR

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)
mtDNA full control region sequences by AFDIL

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

N
NIST Autosomal 12plex SNP Assay

Vallone, P.M., Decker, A.E., Butler, J.M. (2005) Allele frequencies for 70 autosomal SNP loci with
SNaPshot result  U-S. Caucasian, African American, and Hispanic Samples., Forensic Sci. Int., 149: 279-286

a0 40 50 a0

Best 12 SNPs selected

Mo cc oc
from 70 originally tested

GIA
or T CIC g T

Sl i LT ]

CHR:1315 10 01 171317 01 0611 20 15

12plex PCR followed by 12-plex ASPE
Fragments separated on a ABI 3100 in 35 minutes
A Genotyper macro has been developed to type data
The 12plex assay has been run on over 600 samples
Works well on 1-2 ng of template
Sensitivity studies are underway along with degraded DNA

NIST]
Y-Chromosome Standard NIST SRM 2395

www.cstl.nist.gov/biotech/strbase/srm2395.htm

STANDARD REFERENCE MATERIALS Human Y-Chromosome DNA Profiling Standard

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

DNA . ~

ComRASE 100 ng of each (50 pL at ~2 ng/uL) $318
Store at -20'C

+22 Y STR markers sequenced

it g e

u\_.‘E‘i‘_l'__- ST <9 additional Y STR markers typed
e vyt popame o

+42 Y SNPs typed with Marligen kit

Certified for all loci in commercial Y-STR kits:

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

Y-filer - adds DYS635 (C4); now sequenced

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

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 12
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Duplication at Multiple Loci NIST]

with Single-Source Sample Y'°"'°’“”°T§,,T“”'°‘"“

¥ STR Marker Puziﬂoﬂ ]
DYsa1

DYS3891 DYS439  DYS389ll
P | y o435
DV5439

DV5389 NI

S - Dvs38e

Entire region of Y-
chromosome has
likely been duplicated
and then diverged

Dvm Drees |
Sher Tz

Most duplications
have a single
repeat spread in
allele patterns

Butler et al. (2005), in press JFS

Our Recent Y-Chromosome Work TNEST]

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

Schoske, R., Vallone, P.M., Kline, M.C., Redman, J.W., Butler, J.M. (2004) High-throughput Y-STR
typing of U.S. populations with 27 regions of the Y chromosome using two multiplex PCR assays,
Forensic Sci. Int. 139: 107-121.

Vallone, P.M. and Butler, J.M. (2004) Multiplexed assays for evaluation of Y-SNP markers in U.S.
populations. Progress in Forensic Genetics 10, Elsevier Science: Amsterdam, The Netherlands,
International Congress Series 1261, 85-87.

Butler, J.M. and Schoske, R. (2004) Forensic value of the multi-copy Y-STR marker DYS464. Progress
in Forensic Genetics 10, Elsevier Science: The Netherlands, Congress Series
1261, 278-280.

Butler, J.M. and Schoske, R. (2004) Duplication of DYS19 flanking regions in other parts of the Y
chromosome. Int. J. Legal Med., 118: 178-183.

Vallone, P.M. and Butler, J.M. (2004) Y-SNP typing of U.S. African American and Caucasian samples
using allele-specific hybridization and primer extension. J. Forensic Sci. 49(4): 723-732.

Butler, J.M., Decker, A.E., Kline, M.C., Vallone, P.M. (2005) Chromosomal duplications along the Y-
chromosome and their potential impact on Y-STR interpretation, J. Forensic Sci., in press.

Butler, J.M., Decker, A.E., Vallone, P.M., Kline, M.C. (2005) Allele Frequencies for 27 Y-STR Loci with
U.S. Caucasian, African American, and Hispanic Samples, Forensic Sci. Int., in press.

NIST]|
Mito “Strips”

» Roche Applied Science (Indianapolis, IN)
recently released a mtDNA typing kit

» LINEAR ARRAY Mitochondrial DNA HVI/HVII
Region-Sequence Typing Kit

+ Cat. No. 03 527 867 001

« Cost $1500 for 50 reactions

» NIST was involved in beta-testing and

performed a population study with these
LINEAR ARRAYs

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

April 5, 2005

NIST]

Duplication and Divergence Model

Y-chromosome s Locus #dup* >1 repeat
containing an ST DYS1 9 23 2
—= DYS389I 5 0
a DYS389ll 9 2
DYS390 1 0
duplication ,_.z"'-. — __\\‘ DY8391 3 1
— — DYS392 0 0
a g DYS393 3 0
DYS385a/b 17 0
*from www.yhrd.org, literature, and our work
divar?'“:a M 1 repeat unit
. N difference 92% have
=== i single repeat
a b difference
Since single-step i are most , then

single repeat spacing in duplicated alleles is expected

Butler et al. (2005), in press JFS

NIST|
Mitochondrial DNA Work

« Evaluation of Roche LINEAR ARRAY screening

assay
Kline et al. (2005) JFS 50: 377-385

Comparison of LINEAR ARRAY resolution to
control region sequencing performed by AFDIL

Collaboration with AFDIL for developing coding
SNP assays using SNaPshot
Coble, M.D., Just, R.S., O'Callaghan, J.E., Letmanyi, |.H., Peterson, C.T., Irwin, J.A., Parsons,

T.J. (2004) Single nucleotide polymorphisms over the entire mtDNA genome that increase the
power of forensic testing in Caucasians. Int. J. Legal Med., 118: 137-146.

Vallone, P.M., Just, R.S., Coble, M.D., Butler, J.M., Parsons, T.J. (2004) A multiplex allele-
specific primer extension assay for forensically informative SNPs distributed throughout the
mitochondrial genome. Int. J. Legal Med., 118: 147-157.

NIST]|

Previous Publications on mtDNA Typing Assays
with SSO Probes (dot blot, reverse dot blot, linear arrays)

« Stoneking et al. (1991) Population variation of human mtDNA control region
sequences detected by enzymatic amplification and sequence-specific
oligonucleotide probes. Am. J. Hum. Genet. 48:370-382

+ Skowasch, K., et al. (1994) Development of PCR based reverse dot-blot 1ypmg
system for lhe control region of mtDNA. P of the Fifth ional

ium on Human ion, Madison, WI: Promega, p. 127.

+ Comas, D., et al. (1999) Eur. J. Hum. Genet. 7:459-468

« Calloway, C.D., et al. (2000) Am. J. Hum. Genet. 66:1384-1397

+ Reynolds, R., et al. (2000) J. Forensic Sci. 45(6):1210-1231

« Gabriel, M.N., et al. (2001) Croatian Medical Journal 42(3):328-335

« Gabriel, M.N., et al. (2003) Croatian Medical Journal 44(3):293-298

« Calloway, C., et al. (2003) Validation of the LINEAR ARRAY Mitochondrial DNA
HVI/HVII Reg\on Sequence Typing kit. Prox ings of the 14t jonal
Symposium on Human Identification.

+  Calloway, C., etal. (2003) Applications of the LINEAR ARRAY Mitochondrial DNA
HVI/HVII Reg\on Sequence Typ\ng kn Prox gs of the 14t jonal

ium on Human

« Kiline, M.C., et al. (2003) Semi- automat\on of mtDNA arrays: results from 666
popu\al\on samp\es and comparlsons Pre of the 14t ional

um on Human

Terry Melton
population studies...

13
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NIST|

Detection Chemistry

Saiki, RK., et al. (1989) Genetic analysis of amplified DNA
with sequer fi probes.
Proc. Natl. Acad. Sci. USA 86 6230-6234

3,355 Tetramethyl- 16026C

benzidine (TMB)

Colorless Colored 3 37 -CTTATAACATGTCATGGTA-5'

substrate Precipitate

u 2 3’ -CTTATAACGTGCCATGGTA-5" 2

1 3’ -CTTATAACATGCCATGGTA-5'
16026 16029

Streptavidi
horseradish
peroxidase

enzyme Streptavidin

conjugate
/\ Biotin-labeled PCR product
(Biotin}.......oeoc GAATATTGTACGGTACCAT. ............ 3

CTTATAACATGCCATGGTA-5’ Probe
m Nylon membrane

probe

NST|

Lessons Learned with LINEAR ARRAYS

* pH is important to wash solutions

— If above protocol’s pH 7.4, then the blue color will
not develop correctly and signal will be lost

Quantification value obtained on Agilent is not
equivalent to yield gel information provided by
Roche

— May need to make adjustments—do a sensitivity
titration in your lab

NIST]
PCR Amplification

» Protocol calls for 5 pg input DNA (based on nuclear
DNA measurement)

» We used 1 ng DNA instead and reduced PCR cycle
number from 34 (protocol) to 28
» Thermal cycling on GeneAmp 9700:
— 94 °C for 14 minutes
— 28 cycles: 92 °C for 15s, 59 °C for 30s, and 72 ° C for 30s
— 72 °C for 10 minutes
— hold at 10 °C
* 50 uL PCR volume (protocol) with duplex amplification

HVI primers amplify a 444 bp PCR product:
Forward (L15975-15993) 5™-biotin-CTCCACCATTAGCACCCAA-3'
Reverse (H16418-16401) 5'-biotin-ATTTCACGGAGGATGGTG-3"

HVII primers amplify a 416 bp PCR product:
Forward (L15-34) 5-biotin-CACCCTATTAACCACTCACG-3'
Reverse (H429-410) 5-biotin-CTGTTAAAAGTGCATACCGC-3'

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

April 5, 2005

I hvi 0 Hvil 10 probe regions i
ID A

1A lic
16093 Ic IE B D 189
123 12 12
Ref 12 1234
16093 1 ATETC
16093 2 L. CL
1612616129
A1 T GITJA C G T
A2 s e C
WS oA
Kﬁﬂ] 16309
Ic1 AG A CAT|AG AC
Ic2 .. C
Ic3
Ic4 .. PN
cwad . . C .. ... . c. .
D1 cG cc
D2 c . _—
‘g p .‘?ﬂ o1
IE1 CcE TAGGATA C A o2
E2 . T T . . _—
IE3 I
1891
189 2

N
NIST U.S. Population Samples

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

. (o] age ~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

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

Roche (F15975)
o Fochelims
T 15997 H .
o FEALIINN
TCC; GCACC CABAGCTAAG ATTCTAATTT ARAC ervarial

GTAATCGTGG GTTTCGATTC TAAGATTAAR TTTGATAA(
16024-16365

CTGFTCTTTC ATGGGGAAGC AGATTTGGGT ACCACCCAAG TATTGACTCA CCCATCRACA 342 bp examined
GACRAGARAG TACCCCTTCG TCTARACCCA TGGTGGGTTC ATAACTGAGT GGGTAGITGT
RocheIA
160 16126 16129 SSO Probes
ACCGCTATGT TTACTGCCAG CCACCATGAA TATT TACCATARAT 16093
TGGCGATACA AATGACGGTC GGTGGTACTT ATAA ATGGTATTTA 16126
{ RV Cstreteh | 16129
ACTTGACCAC CTGTAGTACA TAARAACCCA ATCCACATCA AAP\CLCC&TC CCCAT\:LTTA 16270
TGAACTGGTG GACATCATGT ATTITTGGGT TAGGTGTAGT TTTGGC ) 16278
16304
CAAGCAAGTA CAGCAATCAA CCCTCAACTA CAARGCCACC 16309
GTTCGTTCAT GTCGTTAGTT GGGAGTTGAT AGTGTGTAGT TTTCGGTE 16311
Roche IE Roche IC 16362
I
CCTCACCCJ;‘ TAGGATACQCA ACAAACCTAC CCACCCTTAA CA( CATAG |TRCATAAAGC Only 9 sites
TGGGTG| ATCCTATGET TGTTTGGATG GGTGGGAATT GIQATGTATC |ATGTATTTCG i)

" Roche 1D

CATTTACCGT ACATAGCACA TTACAGICAA ATCCCITCIC ccc AT G A
GTARATGGCA TGTATCGTGT AATGICAGTT TAGGGRAAGAG GC GTACC

FB1B1 (H16391) Roche (R16418)

14
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Roche (F15)
e

CACGC GATAGCATTG
GCG CTATCGTAAC GCTCTGCG:

Roche IIB

FBIC1 (L048)
5

CGAGACGC

TTGGTATTTT
A ARCCATAARA

G GAGCCGGA(
CTCGG

CTAC GITCAATATT

14s(c|150fa| | 152
GCAGTATCTG TCTTTGATIC CTGCQTCATC QUATTATTTA TCGCA(
CGTCATAGAC AGAAACTAAG GACGGAGTAG| GATAATAAAT AGCGTGGATG CAAGTTATAA

Roche IIC 198 _

73-340

268 bp examined

SSO Probes

189fg 195 g 200
AEnsederle Al ATENSISLIN ATV EETNSIREH Emmea.
TGTCCGCTTG TATGAATIGAT TTCACACAAT TAATTAATTA CGAACATCCT GIATTATTAT

RochellD

TTC TGGCCACAGC

ACTTAA]

A TTTCARATTT TATCTT'
T ARAGTTTAAA

247}
ACAATTIGRAT GTCTGCACAG CCACTTTCCA CACAGACATC ATAACAARAA ATTTCCACCA
C GGTGARAGGT GTGTCTGTAG TATTGTTTTT TAAAGGTGGT

A AACCCCAARA
TTGGGGTTTT

Only 9 sites
examined

73

146
150
152
189
195
198
200
247

Gel Results

Roche ladder

=
S HVI 444 bp
=

%HVII 416 bp

HVII 416 bp \ HVI 4

|

44 bp

NST|

1200
100.0
Invitrogen ladder
80.0

60.0

40.0

gel based

Comparison of gel vs. chip DNA quant values

+ IR
u A
4 RA

—Linear (IR)

Linear correlation of the

methods

T T T
55.0 75.0 95.0

1
115.0
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N
Analysis of HVI/HVII PCR Products

HVII 416 bp l HVI 444 bp

15bp

100 Remaining Entire
@ primers i

Agilent 2100 Bioanalyzer sized

and quantified HVI/HVII products

HVEHVI Poak Quant Ratio
HVI= (134 30.31) x HVIl
N=666

Usually 2-20 ng/uL
obtained for each
amplicon

Aimed for 50 ng
on each mito strip

12 samples can be
run in ~45 minutes

HVI

HVII

HVIL [ 3w The Agilent electropherogram also gives an indication of the HVI “C-stretch” by the

presence of extra peaks (see Butler et. al. (1998) Electrophoresis 19, 119-124).

16193 Poor quality sequence following C-stretch (out of phase)
CACA COPNGTTTANAWGALNG A GGMANT N CNCAATTT
o 1‘.‘0 1B0 . 190 1]
) ' '
afin . il L
AT Vb AL e e o Py,
= ==
s HV1 C-stretch

NIST]

Automated Washing & NE

Color Development
Tecan Profiblot — processes
sample through wash steps

24 strips per run
~2 hours per run

A 2 or 3 runs easily performed per day
Stp | Fie | Tme | Temp | Solution

1 Temp 5659C 16 Cool 25°C
7 T om P R 7| owp 25°C | Wash
3 Pause 55°C 18 Asp. 2%
T T e T e 19 | owp 25°C | Cirate
5 | A = 20 e | smin | 25°C
6 Disp 55°C Wash 2 Asp. 2
T e = 2 | o 25°C_| Color Dev
s Disp 55°C | SAHRP 23 Inc | 15min | 25°C

Conjugate 24 Asp 25°C
9 Inc 5min 55°C 25 Disp 25°C DI Water
10 | A s5°C % | A 25°C
11| o 55°C | wash 27 | o 25°C_| DIWater
12 Asp 55°C 28 Inc 5 min 25°C
13 Disp 55°C Wash 29 Asp 25°C
14 | mo | t2mn | s5°C % | o 25°C_| DIWater
15 Asp. 55°C 31 End 25°C

Yellow light used with filters so
blue color lines could be archived
as black and white images

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Data Interpretation for LINEAR ARRAY's

Analysis of probe results

April 5, 2005

X 3 is still manual!
o i

bl =
] ll 3 1 3 3 0w | 2 0 0 2 0
- SR
g 3 1 1 o |11 |26 |21 1
F 'I ll l 1 0 1 1)1 2 [ 4 |1 1 1
| [ 1 1 1 HEEENEEERE [
5 I 11 1 1 o |11 2|5 |2 |1 1
I'I_ 1 3 3 ol o |[w|3 0 2 0
I I ll 1 3 3 2| 2 2 7 4 1 0
[ | ll 1 1 1 1] 2 2 0 [ w2 | 1 1
' | ! 1 1 1 1 0 2 6 5 1 2

Typing results from 50 ng of each PCR product

.. NIST]|
Blank” Calls on LINEAR ARRAYs
We observed 640 “blanks” (9.6% of calls) on 346 different individuals (52% of samples typed).
“Different individuals typing as a blank for the same probe region could have different substitutions but for the purposes of data
analysis the blanks are considered to represent the same variant (see Melton et al. (2001) J. Forensic Sci. 46(1):46-52)
SSO Probe | Number Frequenc Bt
Region Observed q Y Cau, A, His
16093 23 3.5%
HVIA 33 5.0% 3,9,3%
HVIC 76 11.4% 3,20, 10% PCR p_roduc‘t fails to hybrldllz_e to any
. probe in region due to additional
HVID 33 5.0% 7.17.4% polymorphisms in the probe region
that prevent hybridization
HVIE 60 9.0%
HVIIA 3 0.5% 0,0,0% Probe Region HVIIB
HVIIB 96 14.4% 16, 70, 55% A
mBlccrcatclrfr
HVIIC 122 18.3% 11,47,13% 1B 2 . -
118 3 Ile
HVIID 42 6.3% 5,5,18% i ; 211
189 152 22.8% EDCoccooodlffe
Blanks expected
based on full Nucleotide positions 151 and 153 are
sequence analysis common variants in African Americans
of 1393 individuals

All Roche mtDNA Ng

HV1/HV2 Anderson (CRS) except 263G, 315.1C i -
LINEAR ARRAYS:

Haplogroup H

,/,//»/\&.

51

Typing frequencies for 666 . . N
NIST population samples Sum_mary_of Our Population
# T Froa [ %aTypes | % Poore Typing with Roche mtDNA
11185 | es6 | 278 LINEAR ARRAYS
2 46 16.3 13.8
3| 18 6.4 8.1 )
a4 | s 24 +282 different types
5| 3 | 23 +185 were unique
6 4 1.4 3.6
o v (occurred only once)
8| o 32 10.8 51 samples had “Most
0 2 | o7 27 Common Type”
10 4 1.4 6.0
1" 1 04 1.7
12 1 0.4 1.8
18 1 0.4 27
23 1 04 3.5
28 1 0.4 4.2
51 1 04 77 “Most Common Type” evaluated further
»  with mtDNA coding region SNP assay

site

rCRS

5

1

(&)1

@

3010

4793

10211

5004

7028

7202

16519

12858

4580

477

“|=|o|o|=4]|>|o|~|o|>
H[H|e[o|H|[>|o|d|0>|>|_,
—H|4|e|o|4|>|o|o|o|>|0]|_
>|4|o|ofo|>|o|4|o|>|o]|_,
—|4|o|o|dlz|4|-|o|>|0|
—lolo|o|a[>|o|-4|o|> >[N
Hla (> (o|o|>|dA4|0[> 0N
Hld|e|o|H|>|o|4|o|>|0|wW
“lalp|olalz|~]=lol> o]
“lalololal>|ol4|ole|e|™
—|=|o|o|a|>|o|-|o|>|6

—“|4|o|olalz|o|-|lo|=>|0 N
—|4|o|o|a(>|o|-4|o|> >

14470

Comparison of Other U.S. Population Data with SSO Probés

NST|

Population N #types | diversity | Most Common Type | MCT frequency
11| Caucasian 922 226 0.964 11111111 15.4%
10| African Am | 805 251 0.983 12112021 6.8%
7| Hispanic 555 170 0.963 12122011 1.7%
Total 2282 502 0.998 11111111 7.2%

8 regions, 21 probes, 13 SNPs

Melton et al. (2001) J. Fore

nsic Sci. 46(1): 46-52

Population N #types | diversity | Most Common Type | MCT frequency
Caucasian 286 116 0.960 1111111111 16.4%
African Am | 252 129 0.977 1141224211 10.7%
Hispanic 128 74 0.954 1102120111 16.4%
Total 666 282 0.985 1111111111 7.7%

10 regions, 31 probes, 18 SNPs

Kline et al. (2003) NIST population study

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

Improved resolution of mtDNA samples with coding region SNPs

12 types were observed
4 types were unique

Heteroplasmy Detection

Position 152
HVIIB w5,6
Wrii I I

Accurate Detection of
Heteroplasmy at position 16093

16,095,
1c

Fragment base
A T N

Fragment| basp #152. F
T [ c AT

AA Cauc a glg|t a
HVIIC 2/4 (n=1) 152 HVID 1/2 (n=1) 16362
16093 1/2 (n=1) HVIIB 3/4 (n=2) 146

HVIIB 5/6 (n=1) 152
189 1/2 (n=1)

Observed 7 Times in 666 samples

Sites Observed: 16093, 16362, 146, 152, 189
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NIST mtDNA Work N

o e Coding Region
mtSNP 11plex
Result from 1 pg (genemic ONA) | (minisequencing assay)

T T c Developed with AFDIL
T to resolve mtDNA most
L ) e
= 3 Vallone et al. (2004) Int. J.
o & T gt \,,,&‘? gt o S Legal Med., 118: 147- 157

.-.l.l.!.i!

- e - | Roche Linear Arrays
121218 5 1 (probes for HVI/HVII)
Kline et al.(2005) JFS 50:377-385

- | Beta-test/Population Study
] ] {7 3

NIST]|
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