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Agenda

e Background
- TagMan genotyping assays
- What is OpenArray?
- Major features

» Application studies
- SNP association with heart disease
- SNP Analysis as a Tool for Microbial Subtyping
- Forensic application using SNP genotyping
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agMan® SNP Genotyping Assays

1. Assay Components and DNA Template
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3. Polymerization and Signal Generation
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Genotyping Throughput Landscape:
AB Has a Broad Range of Options
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What is OpenArray Platform?

* A new genotyping platform developed

by BioTrove
* There are 48 (4X12) subarrays and sesessse
each subarray has 64 (8X8) chambers sesesses
« TagMan SNP Genotyping Assays are Sessesss
pre-aliquoted into each reaction
chamber
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Throuhgput of OpenArray Platform

e 3072 low-volume reaction
chambers (33nl) with
preAliquoted TagMan
SNP Assays

 Each OpenArray plate is
equivalent to eight 384-
well plates

* A wide variety of
genomics applications
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Flexibility of OpenArray Platform

* Multiple different
Assay x Sample
Number Combinations

16 Assays x 144 Samples

32 Assays x 96 Samples

64 Assays x 48 Samples

128 Assays x 24 Samples

256 Assays x 12 Samples
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Multiple Independent Genetic Factors at NOSTAP
Modulate the QT Interval in a Multi-Ethnic Population

Dan E. Arking*, Amit Khera®®, Chao Xing®”, W. H. Linda Kao®, Wendy Post®, Eric Boerwinkle’, Aravinda
Chakravarti’
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Abstract

Extremes of electrocardiographic OT interval are associated with increased risk for sudden cardiac death (5CD); thus,
identification and characterization of genetic vardants that modulate QT interval may elucidate the underlying etiology of
SCD. Previous studies have mevealed an association between a common genetic varant in NOSTAP and QT interval in
populations of European ancestry, but this finding has not been extended to other ethnic populations. We sought to
characterize the effects of NOSTAFP genetic varants on QT interval in the multi-ethnic population-based Dallas Heart Study
(DHS, m=3,072). The SNP most strongly associated with OT interval in previous samples of European ancestry, rs16847548,
was the most strongly associated in White (P =0.005) and Black (P = 3.6 x107") participants, with the same direction of effect
in Hispanics (P=017), and further showed a significant SNP x sex-interaction (P=0.03). A second 5MP, 16856785,
uncorrelated with rs 16847548, was also associated with QT intenval in Blacks (P=0001), with qualitatively similar results in
Whites and Hispanics. In a previously genotyped cohort of 14,107 White individuals dmawn from the combined
Atherosclerotic Risk in Communities (ARKC) and Cardiovascular Health Study (CHS) cohorts, we validated both the second
locus at rs16856785 (P =7.63 =107, as well as the sex-interaction with rs16847548 (P = B8.68:x107%). These data extend the
association of genetic variants in NOS TAP with OT interval to a Black population, with similar trends, though not statistically
significant at P-=20.05, in Hispanics. In addition, we identify a strong sex-interaction and the presence of a second
independent site within NOS1AP associated with the QT interval. These results highlight the consistent and complex role of
NOSTAP genetic vadants in modulating QT interval
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* Institutes
- Aravinda Chakravarti, Johns Hopkins University Medical School
- Dan Arking & Amit Khera, University of Texas Southwestern Medical Center

e Previously known
- QT interval is a measure of cardiac repolarization
- QT interval is a biomarker for risk of sudden cardiac death

- SNP rs16847548 in the NOS1AP locus associate with altered QT interval in
European populations.

e Questions
- Do this SNP (rs16847548) associate with QT interval in other ethnic populations?
- Do other SNPs in NOX1AP associate with QT interval?
- Do other SNPs associate with QT interval in different ethnic populations?



NOS1AP

* NOS1AP : nitric oxide synthase 1 (neuronal) adaptor protein

* This gene encodes a cytosolic protein that binds to the signaling
molecule, neuronal nitric oxide synthase (nNOS).

e As as an adapter protein, this protein mediates interactions with
NNOS and specific targets including the small monomeric G protein

(Dexras1).

HC_000001,10

[ 162539515
| 5"

[ 162039551 e
5" |

WH_014697.2 I ] — -l HWP 05551241 iscoform 1 CCOE1257+1
W 001126060.1 W HF 0011149532.2 iscoform 2 CCOE442ET7.1
B - coding region B - untranslated region
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Presentation Notes
This gene encodes a cytosolic protein that binds to the signaling molecule, neuronal nitric oxide synthase (nNOS). This protein has a C-terminal PDZ-binding domain that mediates interactions with nNOS and an N-terminal phosphotyrosine binding (PTB) domain that binds to the small monomeric G protein, Dexras1. Studies of the related mouse and rat proteins have shown that this protein functions as an adapter protein linking nNOS to specific targets, such as Dexras1 and the synapsins. Alternative splicing results in multiple transcript variants encoding different isoforms. [provided by RefSeq 


SNPs to be genotyped:

rs7539281
rs4657139
rs16847548
rs12567209
rs12376211
rs1415262
rs10494366
rs16856785
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Populations and genotyping technology

» Dallas Heart Study Population
- 2,949 Individuals

- White, Hispanic, Black
- TagMan SNP Genotyping Assays
- 384-well plates

» Atherosclerotic Risk in Communities Population &
Cardiovascular Health Study Population
- 14,107 individuals
- White
- TagMan SNP Genotyping Assays
- OpenArray plates

« Accuracy of OpenArray genotyping: determined by comparison
to concordance calls generated for 58 samples, genotyped multiple
times (350 comparison per SNP)

- rs16847548 = 99.7%;
- rs16856785 = 99.4%.



Associlation of SNPs with QT interval

A2 @uc Blacks (n=1,497) ispanics [n 499

Non-Hispanic Whites (n=940)

SNP Position A1l
A1 Freq P SE A1l Freq J SE P A1l Freq B

157539281 158739692 A G 0.60 018 063 077 0.29 066 090 04639  0.26 1.81 0.66 0.006

154657139 158761565 A T 088 159 090 0.08 0.42 098 085 02476  0.34 1.21 0.60 0.043
158766932 C T  0.18 3.22 078 G.58E-05 020 147 107 0.20 2,57 0.72

rs12567209 158768137 A G 008 0.08 113 095 0.12 -100 123 04175  0.08 ~045 1.09 068

rs12576211 158768181 T G 0.51 1.83 0.61 0.003 035 001 087 09919  0.29 1.81 0.63 0.005

151415262 158777793 C G 081 113 076 0.4 043 111 085 01931 035 0.81 060 0.18

rs10494366 158817343 G T 062 122 063 0.5 0.41 152 084 007228 036 0.72 060 023

1516856785 158831945 C G 1.60 0.62 058 130 0.95 0.97

Findings:

SNP rs16847548 has largest association with QT interval in all populations,

Allele frequencies for SNP rs16856785 in Hispanic & white populations are
fairly similar to each other, frequencies in black populations are divergent.

SNP rs16856785 has a large association in black populations, but in either
Hispanic or white the association is not significant (P>0.3), which have lower
A1 allele frequencies and smaller samples sizes.
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Larger Study & Independent effect of SNPs
Beta = size of effect under additive genetic model
Independent effect assessed by forward stepwise regressions

384-well plate OpenArray
Model SNP A1 A2 | Non-Hispanic Blacks (n=1,497)
A1 Freq J SE P A1 Freq J SE P A1 Freq J SE P
—> Single SNP (7516847548 >C T | 0.18 322 078 3.58E-05 0.20 2,57 072 0.0004 ] 0.22 242 022 <2.00E-16
1516856785 >C G | 0.61 1.60 0.62 0.01 0.10 095 097 0.09 211 0.32
—p Multi-SNP 1516847548 >C T | 0.18 322 078 3.66E-05 0.20 262 0.73 0.0004|]0.22 222 0.23 <2.00E-16
C G | o061 1.60 0.62 0.01 0.10 024 099 081 |0.09 174 0.32 7.63E-08
Findings:

« Initial study with 384-well plates showed association with both SNPs for
black population (1497 individuals), but could only show a significant
association for rs16847548 in white population.

* The two SNPs show independent association in the black population

» Follow up study using OpenArray and a vastly increased sample size of
white individuals shows that rs16847548 is also has an association in that
population, and that it acts independently in that population as well.
%hnologes



SNP Analysis as a Tool
for Microbial Subtyping

Duncan MacCannell ph.D.
CDC/CCID/NCZVED/DFEMD/EDLB, Atlanta GA
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Single Nucleotide
Polymorphisms (SNPs)

STRAIN 1 / \ STRAIN 2

(major allele) (minor allele)
ATGTYCCTC ATGTTACTC
TACAAGGAG TACAATGAG

 /

SNPs are generally selected so that there are only two
possible variants or “alleles” at a given locus (eg: C/A).

Occur in both coding and non-coding DNA sequences.

May represent synonymous or non-synonymous
differences.
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SNPsare useful markers of variation and evolutionary divergence in animal, plant, and microbial genomes alike.
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From SNPs to “fingerprints”
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SNP Pattern Data
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Isolate 3 \ ) e SNP pattern data can be obtained without
fragment analysis or normalization
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® Much easier to automate/query/analyze/store!
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Important considerations
for SNP selection

® Allelic stability & assay reproducibility.

¢ |s each SNP stable enough for routine use?
® Population-level distribution of SNPs.

¢ How diverse are the alleles in the wild?

® Genomic distribution and biological significance.
¢ |s the genomic coverage of the panel sufficient?

¢ Are there useful markers that provide secondary
Information about the organism?

® Linkage disequilibrium.
¢ Many SNPs are coinherited along clonal lines.
¢ Introduces lots of redundancy = tag/htSNPs.




ldentifying SNPs in the
5y7 I-?I Genome

Screened 11 historical, outbreak-associated O157:H7
strains from the PulseNet archives using comparative
genomic microarrays (NimbleGen).

Genomic coverage (x 11) included:
¢ 1,199 (~22.1%) OWFS
¢ 1,167,948 bp (21.1%) of the genome.
¢ Complete coverage of pO157.

Coding sequences were emphasized:

¢ 906 SNPs identified from 523 ORFs.

¢ 128 candidate SNPs were selected for 1st-round
analysis.




Screening Candidate SNPs

288 representative O157:H7 isolates from the
CDC collection, including:
¢ 146 isolates from 1982-2006

Diverse collection of PFGE types.

Historical isolates of note from both sporadic
and outbreak cases.

For analysis,\ samples were blind coded, and
included 17 identical repeats.

¢ 142 isolates from the 2006 Spinach OB
All EXHX01.0124/EXHA26.0015
128 SNP x 288 ISOLATES = 36,864 reactions.

Needed a platform capable of high-throughput
screening of candidate SNPs against a library of
reference strains.




Core techniques: PFGE

Culture and isolation: 24-48 hours
Preparation of PFGE plugs: >4 hours
Restriction and gel preparation: >3 hours
PFGE run time: 17-20 hours
Image acquisition/analysis/upload: + 0.5-1 hours
49-76 hours

— e — . . —

Minimum post-culture workup: ~25h =
Total hands on time:
Max isolates / gel / enzyme:

~6 h =ooiit
~11




High Throughput Screening

BioTrove OpenArray™ chosen for development.
HT platform for microfluidic endpoint/realtime PCR.
33nL/well with 3,072 (64 x 48) assays per chip.
Standard TagMan™ assays with FAM/HEX probes.

In the present configuration, each chip can screen 128
SNP targets against 24 isolates. 4-6 hours post culture workflow
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Assay Reproducibility

® Review of 114 isolates from the August-
September 2006 Spinach outbreak.

¢ Average SNP pattern similarity: 99.95%

o All but three isolates were 100% identical
across 128 loci.

® 17 Blind coded duplicate isolates in the
initial isolate set also demonstrated
consistent reproducibility (rng: 98-100%).

< Variation was generally limited to loci
with high rates of failure.




Optimizing the Panel

Of 128 SNPs that were assessed:

¢ 66 were of poor quality, were
monomorphic or had minor allelic
frequencies of less than 20%.

¢ If these are removed, the discriminatory
power Is largely unaffected.

¢ However, discriminatory power is
dependant upon the variability of the
loci in the analysis set.

The panel may be further optimized by
careful review of covariant and
redundant loci.

¢ Ideal primary typing panel:<350 loci.




The path forward: More SNPs

® [o improve discriminatory power, we need to
iIdentify as many useful tag-SNPs as possible.

® Assays for 269 additional loci have been
designed and synthesized.

® Screening In groups of 64.

® Corroboration with virulence, resistance,
serotype markers.

® Ongoing evaluation of the usefulness of each
assay set in non-O157 STEC.



Summary Remarks

SNP-based genotyping promises:
¢ rapid, high-throughput subtyping

¢ Improved speed and accuracy of outbreak
clusters over traditional PFGE.

¢ lab and data analysis components that are
both highly amenable to automation.

| ocus selection is critical to resolution.

Current “snapshot” assay appears to rival the
discriminatory power of two-enzyme PFGE.

While both PFGE and SNP (currently) lack the fine
resolution of MLVA, both may be applicable to a
wider range of E. coli serovars in the future.

Complimentary subtyping technologies.



Analytical Biochemistry 395 (2009) 61-67

Contents lists available at ScienceDirect

Analytical Biochemistry

journal hemepage: www.elsevier.com/locate /vabio

A low-cost, high-throughput, automated single nucleotide polymorphism assay
for forensic human DNA applications

Robert Pomeroy **, George Duncan ”, Bulbin Sunar-Reeder®, Elen Ortenberg®, Melba Ketchum®,
Hannah Wasiluk®, Dennis Reeder”

*De parmment of Chemismry and Blochemisory, University of Califorla, San Diega, La jolla, CA 52093, USA
® Broward County Sherlffs Office, Fort Lawderdale, FL 331312 L15A

“Reader Amalyriml Consulting Friscg, TX 75034, US4

= BioTrove, Wobirn, M4 0THOT, LS54

“DNA Diagmastics, Timpson, TX 75575, LA

ARTICLE INFO

Amicle hisrory:
Recelved 17 Jume 2009
Available online 30 July 2009
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A Panel of 8 SNPs for Testing

SNP information from Applied Biosystems™ SNPbrowser softwane

Celera ID dBSMP 1D Type Chirommdsmes Pos it ko

O 106721 rsabiaE] Validated 1 155,053 20
hOWVE2B301 1 rad Mol 444 Validated 4 dib 024 4 12
OV 1817429 rsl1 3364071 Validated i 0l 5499 b
OV 2572254 sl S Validated Fi 13, 8600 Bl
OV 3254784 rs740548 Validated Tl 118495 B89
OV 161594935 rs15E{HS Validated 13 Ul Kb 234
OV 13712205 raas1 171 Validated 185 g 39 8
W 2 50B482 rsl1523537 Validated Fil S, 240 5048
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Scatter Plots of all DNA Concentrations
with Allelic Determination
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Population Study with 39 Tamil Samples

. . . BCA BC2 BC3 BC4 BChH BCE BCT BCE
e Determination iIs - . - . _

possible with just 7 SNPs

« FAM homozygous 2
]
 VIC homozygous =
 Heterozygous 2
 WGA samples work
Tahle 2
WiGA amplification with seven SNP=x
Sampl & des i plion OWA concenbratian SHP amsay
A H i ] E G H
MC-24 ariginal Too kow WF WL HC W W WL W
MIC-24 WGA T mgipl VF (L3 1L WF W VF WF
MIC-24 WIGA pari fied 1 mgipl VF (L3 1L WF W VF WF

Nok. SHP amay identifi@bon: A= C_137 1205, B C_ 1006721 ; C = (1619935, D = C_2508482; F={_325%4784; F (not shown j= C_1 817429 Cm O 287225, H = C_22E011.
ENPC_181749 i the problematic assay . Axay F was dropped. Sample MC-2 4 wa inftially too low o perform adequatdy. WEA was performed with and wathout foll oweup

purification. Samples are now comedbed typed. WG no call; VW, homozygoes; FE, homorygous; VE hetermeygous
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Determine Paternity Samples with 7 SNPs

C_1371205 C_1006721 C_161993t  C_2508482 C_3264784 C_2572254  C_8283011
F1
M1

C1

F2
M2
C2A

C2B

c2Cc
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