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ANucleic acid mass spectrometry

AMeasurements of genotypes
AGene copy number variation
AGene expression
ADNA methylation

AMicrobial forensics (if time permits)
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DNA consists of a four-letter alphabet:
A CGT

Each letter (and building block within a DNA strand)
has defined molecular mass:

dAMP = 313.2 Da
dCMP = 289.2 Da
dGMP = 329.2 Da
dTMP = 304.2 Da
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Why Mass Spectrometry is a
Better Nucleic Acid Detector

AHigh resolution resolves non-specific background
from signal - thus the very highest sensitivity

ALarge mass window allows multiplexing many
analyses into a single spectrum - hence high
throughput and simple work flow

AAbsolute concentration can be measured with higher
precision than other methods

AFull automation and data interpretation means no mass
spec expertise required

AApplications include virtually any type of nucleic acid
analysis
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Constraints on Nucleic Acid
Mass Spectrometry

AEffective size range limited to about 40 nucleotides
ASimple one dimensional MALDI-TOF works best
AStrong constraints on the proper choice of counter-ions
ATiny samples but at relatively high concentrations -

hence PCR is needed up front
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Positioning Nucleic Acid Mass
Spectrometry

ANot a replacement for array technologies

AHighly cost effective for fine mapping: hundreds of
loci in thousands of samples

ABasically a replacement for real time PCR - less

expensive, more precise, more sensitive
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Combining the Sensitivity of PCR and
the Specificity of Mass Spectrometry

The process:
APCR
APost PCR Sample Processing
Single base primer extension (iPLEXE )
Mul ti pl e base primer extens
Transcription and RNAse dig
AMALDI-TOF MS
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Applications of Mass Spectrometry

Single Base Extension (iPLEXE )
Genotyping
Allelotyping
Expression
Gene Copy Number
Mul ti pl e Base Extension ( M:
Haplotyping
Prenatal diagnostics
Alternative Splicing
Quantitative Transcription Factor Binding

Fragmentation (MassCLEAVEE)

Resequencing
Methylation

Bacterial fingerprinting SEQUENOM'



MassARRAY Compacti System Components

SEQUENOM

A Nanodispenser robot

A Desktop mass spectrometer

A PC with software workstation

A Software modules based on desired applications

A Scalable
SEQUENOM



Sample

=

Sample

Prep

A Ilncreasing cycle number doesna
Manual / cycles adds 110 minutes.
Robotic

A Process can be run overnight and interrupted at any
point, post-PCR, post-SAP, post-extend.

PCR Amplification Add reagents Primer Nanodispensing  MALDI-TOF G Report
Set Up Extension eneration
Seal and :
remove seal :> @ :> :>
3Umes
- k___;__J
Automated 5 min. 180 min. 240 min. 15 min. 45 min./chip
Manual 15 min. 10 min. 11 min. 3 min. 5 min.
SN——
570 min.
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Four Levels of Biomarkers
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Types of Polymorphisms

SNP NNNNNNNNNANNNNNNNNNN
NNNNNNNNNGNNNNNNNNNN

STR NNNN(ACG),NNNNNNNNNn =3,4,5

CNP  NNNNNNNNNNN--nnmememmmmmmmmmeemmne e

NNNNNNNNNNN-====-nnnm-- NNNNNNNNNNNN--------nmmme--
CNP with NNNNNN(A)NNNNNNNN----zccammmmmmmemmemmmmoomeee
SNP NNNNNN(G)NNNNNNNN-===-nnnnmmmmmmeemeemmmmocmceaeeneas
NNNNNN(AINNNNNNNN--===mmmememmmm oo
NNNNNN(A)NNNNNNNN------------ NNNNNNNN(G)NNNNNNN
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Failure of Hardy -Weinberg
Equilibrium

A Copy number variants have a high probability
of functional consequences (a phenotype)

A Unrecognized CNVs fail Hardy-Weinberg tests
are usually excluded from genome scans

A Many unrecognized CNVs fail tests of
Mendelian inheritance as well
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Conclusions

Aln case of large sample size (~1000), low SNP
minor allele frequency (<0.2) and <1%
genotyping error, the probability of a SNP being Iin
a CNV given deviation from HWE is as high as
7/0~80%.

Aln case of high SNP minor allele frequency (>0.2)
and <1% genotyping error, segmental duplication
IS the most probable cause of HWD.
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IPLEX Reaction

Primer extension into SNP site
ST . ——

Primer extension into SNP site
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Gene F | 1A | FITAG | Failed | Total

ACE 21 5 4 1 31
ACE2 5 0 0 0 5
ADD1 1 0 0 0 1
ADRA1A 1 0 0 0 1
ADRA2A 2 0 0 0 2
ADRB1 2 0 0 0 2
ADRB2 1 0 0 2 3
24 ADRB3 1 0 0 0 1
AGT 15 9 4 0 28

Genes AGTR1 18 0 1 5 24
AGTR2 5 0 0 0 5
ARTS-1 1 0 0 0 1

COL3A1 0 9 6 0 15

CRP 9 0 2 2 13

cYP11B2 | 12 3 3 1 19
EDN1 1 0 0 0 1
GNB3 1 0 0 0 1
HSD11B2 | 5 0 0 1 6
KCTD11 4 0 0 0 4
NOS3 1 0 0 0 1

NR3C2 6 8 4 1 19
PAI-1 1 0 0 0 1

REN 12 3 8 0 23
SCNN1G 1 0 0 0 1
TGFB1 1 0 0 0 1

Total: 127 37 32 13 209

‘ ? Génome Québec & Montreal Heart Institute Slide Courtesy of

#3) Pharmacogenomics Centre Dr. Michael Phillips
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Cholesterol
Obesity
Myocardial
infarction

Type 2 Diabetes
Prostate cancer
Breast cancer

8924 #3  C3

8024 #4

8024 #5 ORMDL3

8024 #6 4925
ATG16L1 TCF2

Age Related Macular Degeneration
Crohns Disease
Type 1 Diabetes

Systemic Lupus Erythematosus 5p13 GCKR

Asthma 10g21 FTO LOXL1

Restless leg syndrome IRGM C120rf30IL7R

Gallstone disease NKX2-3 ERBB3 TRAF1/C5

Multiple sclerosis IL12BKIAAO350STAT4

: " 3p21 CD226 ABCGS

graeuucrgfntg'd arthritis 1024 16p12 GALNT2
IFIH1 PTPN2 PTPN2 PSRC1
PCSK9 TCF2 SHZ2BEZ NCAN

CFB/C2 CDKN2B/A FGFR2 TBL2
CD25 LOC387715 IGF2BP2 TNRC9 TRIB1

IBDS5 IRF5 8924  CDKAL1 MAP3K1KCTD10
PPARg NOD2  CTLA4 KCNJ11 pTPN22 PCSKI IL23R HHEX LSP1 ANGLPT3

| | | | | CI|:H TCF|7L2 SLC30A8 8q|24 GRIN3A
2000 2001 2002 2003 2004 2005 2006 2007

®
Adapted from Stacy Gabriel, Ph.D. SEQ—JENOM



A Environmental

Sex (5.37)
Hypercholesterolemia (3.16)
Diabetes melitus (2.62)
Hypertension (2.20)

A Genetic

FABP2 (1.34)
AKAP10 (1.93)
IPF1 (0.72)
GP1BA (1.36)
MTHFR (1.40)
ACDC (1.25)
F7 (0.70)

SEQUENOM
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Amplification

Primer
Extension

Detection and
Ratio Analysis

Relative Copy Number: SNP Allele Ratio

Requirese
Awell-characterized SNPs for CNV region
Adeterozygote samples

Provi deseé
ARelative copy number
Avinimal quantitative informative data

Useful foré
Aost-array validation

Arine mapping of specific CNV regions

ASerendipitous CNV discovery from
genotyping experiments
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Design

Run
| Analyze '

Run samples for each SNP assay

400

Intensity
= - N [] W W
(4, o (4, [=] (4.} o o
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“No SNP Required”: Absolute

Amplification  _%\~ o
—_ T — —_——
\ {
Target Amplicon  Competitor Amplicon
—A— _—
——j—— —A—
\ \
Primer —1
Extension T T
{

Detection and A
Ratio Analysis I \

CNV Analysis

Fl exi bilityeée
Doesnodt rely upon a !
ACan use heterozygote or homozygote

Provi desé
Adbsolute copy number
Adighly quantitative, informative data

Useful foré

AFine mapping of specific CNV regions
ACopy number association studies
Aost-array validation of uncharacterized
regions
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Absolute Copy Number
rcPCR with SNP Allele Ratio

Allele 1 gDNA Aliele 2 gDNA Competitor DNA
—_— —_—— B
—_— G — _—— —_—
Target Amplicon Target Amplicon Competitor Amplicon
—G— —Cc— —A—

mother father

combined CNV =4 copies  combined CNV = 4 copies
no CNV detected by aCGH  no CNV detected by aCGH

child
reference

combined CNV = 4 copies.

combined CNV = 5 copies
CNV detected by aCGH
* erroneously interpreted as “de novo” event?

Adighly informative data (genotype & CNV)
Absolute copy number
Aullele-specific studies (i.e., inheritance patterns)
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Design Assay

Validate Assay

Run Assay

| Analyze I

Run over sample cohort with at least3
repeats for statistical analysis

Single Copy Control Experimental Sample

ﬁ ﬁ

S 2 Analyze Samples ~l-

COMP :A: G

0.33:0.33: 0.33
i dh uk

COMP: A: G
0.20: 0.60: 0.20

i ek nf
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Signal composition for
genotyping assays

Intensity

Sensitivity
lirmnited

|
Signal too low [SHR based)

Clustering Model for
genotyping assays

Homozygous I-?

PCR noise
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CNV Clustering Examples

Mo Call(25) A G(124) W GT(167) W T{ES) Mo Call(43) A C(154) W CT(185) ¥ Ti2)

NoCall(38) A C(54) W CT(132) W T(I&0)
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A Primer DNA Competitor

5500 6000 6500

M/Z
A Primer DNA Competitor
l , ,
5500 6000 6500 90081 17
A Primer DNA Competitor
| ,
5500 6000 6500 QOOIQ/I 17

< Increasing competitor concentrations

In a CNV experiment, as the competitor
concentration increases, the amount of cDNA
decreases proportionally

As depicted in panel B, a ratio of 1:1
represents equal amounts of competitor and
DNA

A 1:1 ratio, dubbed the equivalence point
(EC50), is where amplification of both
species are equal

The initial DNA concentration can be
determined from the competitor titration
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CNV Results

Copy Number is determined through by comparing the
shift of EC50 relative to reference sample

SCC-ALB-2[1] [ 807_rs2639067
Hill Slope = -1 Active(13) nactive(1) Hill Slope = -1

Single Copy Control Copy Number Variant
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Cancer Somatic Mutations

High-throughput oncogene mutation profiling in human
cancer

Roman K Thomas, Alissa C Baker, Ralph M DeBiasi, Wendy Winckler, Thomas LaFramboise, William M Lin, Meng Wang,
Whei Feng, Thomas Zander, Laura E MacConnaill, Jeffrey C Lee, Rick Nicoletti, Charlie Hatton1, Mary Goyette, Luc Girard,
Kuntal Majmudar, Liuda Ziaugra, Kwok-Kin Wong, Stacey Gabriel, Rameen Beroukhim, Michael Peyton, Jordi Barretina,
Amit Dutt, Caroline Emery, Heidi Greulich, Kinjal Shah, Hidefumi Sasaki, Adi Gazdar, John Minna, Scott A Armstrong, Ingo
K Mellinghoff, F Stephen Hodi, Glenn Dranoff, Paul S Mischel, Tim F Cloughesy, Stan F Nelson, Linda M Liau, Kirsten
Mertz, Mark A Rubin, Holger Moch, Massimo Loda, William Catalona, Jonathan Fletcher, Sabina Signoretti, Frederic Kaye,
Kenneth C Anderson, George D Demetri, Reinhard Dummer, Stephan Wagner, Meenhard Herlyn, William R Sellers,
Matthew Meyerson & Levi A Garraway

Systematic efforts are underway to decipher the genetic changes associated with tumor initiation and

progression. However, widespread clinical application of this information is hampered by an inability to identify
critical genetic events across the spectrum of human tumors with adequate sensitivity and scalability. Here, we
have adapted high-throughput genotyping to query 238 known oncogene mutations across 1,000 human tumor
samples. This approach established robust mutation distributions spanning 17 cancer types. Of 17 oncogenes
analyzed, we found 14 to be mutated at least once, and 298 (30%) samples carried at least one mutation.
Moreover, we identified previously unrecognized oncogene mutations in several tumor types and observed an
unexpectedly high number of co-occurring mutations. These results offer a new dimension in tumor genetics,
where mutations involving multiple cancer genes may
to quide cancer classification and rational therapeutic intervention.

Nature Genetics\vol. 39, No. 3, March 2007 SEQ' l ENOM{

b



Automated Detection of Low
Percentage Mutations

Sequencing ‘Trace Lleeeriacheiaraltiliat et
50 % Heterozygote PRI [ o TV T

Initial Testing

Sequencingi 9 . 0 . .
Lung Cancer_ VMasSARRAY - 12 Missed 9%, 12%, 16%
EGFR Mutations

MassARRAY Spectrum
16 % Mutant

5500 5600 5700 5800 5
Mass

®
Thomas, Roman K, et.al. (2007) Nature Genetics Mar;39(3):347-351 S EQLJENOM
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A 238 mutations scanned

A 1000 human tumor
samples

I Primary tissue: fresh
frozen

I Cell lines

I Xenographs

I Short term cultures
A 17 Cancer types

A Whole genome amplified
DNA

Thomas, Roman K, et.al. (2007) Nature Genetics Mar;39(3):347-351

SEQUENOM
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Results and Conclusions

A 14 of the 17 cancer types showed at least one
mutation.

298 samples (30%) had at least one mutation

Identified the presence of mutations in cancer types
never seen before.

Observed a higher than expected number of co-
occurring mutations.

nNHere, we have stlhroughputt hat hi g
genotyping (MassARRAY) enables sensitive and

accurate oncogene mutation profiling in human

cancer specimens .0

AfiMoreover, the clinical appl i
and cost-effective mutation profiling approaches
should facilitate patient stratification for the rational
depl oyment of targeted cancer

®
Thomas, Roman K, et.al. (2007) Nature Genetics Mar;39(3):347-351 S EQJENOM
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High -throughput, Sensitive and Quantitative Assay for
the Detection of BCR -ABL Kinase Domain Mutations

To date, direct sequencing has been the technology of
choice for detecting mutant clones. However, this method
has limitations in sensitivity; typically, the mutant allele
contribution has to exceed 20%.

We checked the sensitivity of our MassARRAY method by

mixing DNA template carrying A1113 mutation in BCR-ABL
KD with wild-type DNA. The mutation was detected down

to 1.5-3% mutant alleles in the analyzed sample.

A. Vivante, N. Amariglio, M. KorerMichowitz, O. AshusFabian, A. Nagler, G. Rechauvi, SE l 'ENOM*
and Y. Cohenl.eukemig2007) 21, 1318321, published on online 1 March 2007
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Precision: A Panel of

24 Genes Using Formaldehyde
Preserved Embedded Tissue Samples

First Pass Results T No Optimization

Tissue A/ Tissue B Ratio

Gene | MassARRAY| 7900 7700
B-ACTIN 1.00 1.44 1.70
GENE 1 1.07 1.21 2.97
GENE 2 10.00 5.74 18.04
GAPDH 1.11 1.54 3.28
GUS 1.00 0.81 1.86
GENE 3 1.07 0.88 3.68
GENE 4 0.80 0.32 0.75
GENE 5 0.20 0.19 0.29
GENE 6 0.83 0.90 1.75
GENE 7 5.00 3.53 5.09
GENE 8 0.33 0.62 1.40
GENE 9 0.11 0.07 0.11
GENE 10 9.00 0.22 6.50
GENE 11 10.00 16.68 | 43.41
GENE 12 3.75 1.25 2.04
GENE 13 2.00 1.06 4.34
GENE 14 10.00 2.00 7.55
GENE 15 80.00 62.68 90.09
GENE 16 1.13 0.85 1.85
GENE 17 2.00 1.53 5.72
GENE 18 1.00 0.89 1.14
GENE 19 1.00 0.33 0.57
GENE 20 0.56 0.24 0.96
GENE 21 2.50 3.56 8.21

Concentration [fM]

100,000 -

10,000 +

1,000 t

100 +

10

-=- Concentration

RSD
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RT-PCR QGE

Gene m Ratio Ratio Conc. ™
BMP2 o 0.74 @ 56 \
BNIP3 62 9.36 7.70 1014 M 56
CA9 60 40.43 | 72.25 1014 M 56
EGLN1 62 2.95 3.29 1044 M 56
EGLN2 60 0.91 0.97 1015M 56
EGLN3 60 9.02 6.46 104M 56 > v
HFE - - 1.78 56
HIF1A s 0.41 0.48 10%5M 56
NDRG1 62 51.28 | 52.75 104 M 56
PPP1CC 56 0.74 0.71 10%5M 56
SLC3A2 58 1.38 1.87 1044 M 56
VEGF 60 4.21 2.81 103 M 56 J

Development and evaluation of real competitive PCR for high-throughput quantitative applications.
Anal Biochem. 2005 Apr 15;339(2):231-41.
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Cytoplasmic BK-, Channel
Intron-containing mMRNAs Contribut
to the Intrinsic Excitability
of Hippocampal Neurons

Thomas J. Bell, Kevin Y. Miyashiro, Jéoon Sul, Ronald
McCullough, Peter T. Buckley, Jeanine Jochems, David F.

Meaney, Phil Haydon, Charles Cantor, Thomas D. Parsons,
and James Eberwine
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Monitoring of Complex Splicing
In Low Abundance Samples

-
o;[‘

A Investigation of s B~ EEEE
splicing In m = Constiutive Exon
hlppocampa| dendl’lteS = Variable Exon/Intron

A Low copy count

A Multiple splicing sites . [ —

A Multiple exons at — = ST 0
splicing sites ) > e

P 0 Events = 55
é/COOH
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BK -, Splicing Studies

s
A Total hippocampus tissue = =
shows 116 Is retained in M_H | | '
1515a 17 17a 17b 18

10.3% of transcripts

A A” |16 transcripts in Hippocampus Hippocampal Dendrites

All Transcripts i16 Only

hippocampus tissue and 16— ) .i16 only
dendrites splice out exons  soawsz — > 16— 1
17a and 17b (10.3%22.3 from i16) 0 i 100%
- - m - DetNe%tted DetNe(():tted
A Retention of i16 may 49.9%:+1.7
Not 5 Not
regulate extranuclear 1] — =, ot
downstream splicing <1% ;
m/\l . Not i Not
Detected : Detected
<1%
Bell et al. 2007
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Technical Challenges
In Maternal Plasma Analysis

~A Maternal DNA Background
Specificity < _ (>95%, even >99%)

A Mutations 7 point mutations
~A Low concentration of fetal DNA i
Sensitivity < <1 copy/mL maternal plasma
(20 copies/mL maternal blood)

N~

Chunming Ding, BU
Dennis Lo, CUHK
Rosa Chiu, CUHK
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PLAC4 gene,
MRNA coding region

4SNP rs8130833
[GIA]

G frequency: 66%

A frequency: 34%
(HapMap database)

(Lo YMD et al Nat Med 2007) SECXJENOW


http://www.pathology.washington.edu/research/cytopages/chromosome/hum_21_band_select.map

SNP on PLAC4
(chromosome 21)

PLAC4 RNA
expressed in
placenta

circulating PLAC4
RNA in maternal
plasma

i

A~
AN~

7N

release into
aternal circulation U

A~
AN~

A~

deviation in
RNA-SNP
allelic ratio

deviation in
RNA-SNP
allelic ratio
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Normal (AG)

Trisomy 21 (AAG)

Placental RNA Placental RNA
5_: 15—5
of :
2. 210+
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07 1 i 1 1 i 1 i 1 i 1 i 1 0_: | I | I | I Il I | I | I |
5600 5700 5800 5900 6000 6100 6200 5600 5700 5800 5900 6000 6100 6200
Mass Mass

Maternal plasma RNA

Maternal plasma RNA

Trisomy 21 (AGG)

Placental RNA

8T

6

4t
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5600 5700 5800 5900 6000 6100 6200
Mass

Maternal plasma RNA

Intensity

g

SO

| | | I |
5800 5900 6000 6100 6200
Mass

I
5700

(Lo YMD et al Nat Med 2007)

Intensity

-

S

|
I I I
5900 6000 6100

Mass

I
5600 5700 5800

I
6200

N

I I
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Placenta

G/A ratio

AAG

(Lo YMD et al Nat Med 2007)

Euploid Trisomy 21
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n=>57 n=10
1.2 -
1.0 O
O
O 08
*§ .
< 06 O
O
0.4 -
%
0.2 :

Euploid Trisomy 21

(Lo YMD et al Nat Med 2007)

Reference interval:

euploid ratio £ 1.96 SD

0.46171 0.841

Sensitivity: 90%
Specificity: 96.5%
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Serially diluted normal and trisomy 21 placental RNA
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19 markers examined

10 markers passed clearance criteria

10 markers found to have fetal-specific expression
Current coverage > 93% in US population
Additional T21 markers being assessed
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Test Performance To Date

Prospective Study

I Low risk 130, all T21 negative
I High risk 50, 3 T21 positive
I Results: All (3) T21 identified correctly

I Identified 100% of High and Low risk T21
samples with no false positive determinations
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Retrospective Study
I Hong Kong - 15 samples, 4 were T21
I Amsterdam - 6 samples, 3 were T21
iI5 nNal |l so due to all h
I Results: All (7) T21 correctly identified
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Current Screening Programs SEQureDx T21 Test

701 90% Detection Rate >99% Detection Rate
>5% False Positive Rate <1% False Positive Rate
Variable Detection Rate >93 % Coverage (US)
Gestational Age Dependent Gestational Age Independent
Amniocentesis/CVS Amniocentesis/CVS
10-30% False Negative Rate <1% False Negative Rate

_ _ A New
Single Direct Test Replaces Testing

Surrogate Marker Methods

Paradigm
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Next Steps

AOngoing testing of up to 1,000 additional prospective
low- & high-risk specimens by end of year

ADemonstrate/confirm 10-week or earlier gestational age
AComplete assay optimization
A Optimize sample management logistics

A Accelerate recruitment of partner sites and collection of
patient samples for significant clinical validation study in
2009
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Processes That Involve DNA
Methylation

AChromatin compaction

AGenome stability

ATranscriptional gene silencing
AX-chromosomal Inactivation (females)
AGenomic imprinting

ASilencing of parasitic DNA
AGametogenesis

ADevelopmental processes

AEarly events in Cancer
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Challenges in DNA Methylation
Measurements

ANeed to scan all or many potential methylation
sites in each promoter

AHigh precision quantification since biologically
significant methylation changes in complex samples
can be relatively small

ATools still immature for whole genome methylation
scanning; methylation fine mapping, and efficient
multiplexed methylation scoring of many genes

simultaneously
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Dideoxy Sequencing Base-specific Cleavage
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)M Assay C

Bisulfite treatment of genomic DNA
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Quantitation of Methylation Ratios
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tion Analysis in A

Cooperation with University Hospital
Ulm

A 133 genes necessary for Survival
prediction with gene expression
analysis

A analyzed a total of 150 (250) gene
promoter regions, incl. promoters for
the set of 133 predictive genes
derived from NEJM

A 96 (264) AML Samples of German
descent

A A total of more than 6000 CpG sites
analyzed per sample

A 6.7 MB of total sequence analyzed
for DNA methylation
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Semi-Supervised Principle Components Analysis

n=88 n=92 n=78
p<0.01 p<0.001 p<0.001
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