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A Comprehensive View of Genome Biology
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The Helicos™ Genetic Analysis System

Zer
i ™ i ™
Sample HeliScope™ .HeI|Scope HehScop_e
: Single Molecule Analysis
Preparation  Sample Loader .
Sequencer Engine

-

2 Flow Cells/Run
25 channels each

 Instrument ‘performance headroom’ for the $1,000 genome
* Imaging capacity = 1 GB per hr
e Current chemistry > 100MB/hr

Output

>GATAGCTAGCTAGCTACACAGAGAT
>GATAGACACACACACACACAGCGCA
>GTACTACACACAGCGACACAGTCTA
>GTCGAACACACATGAACACATGAGC
>GTGTCACACACGACTACACATGCAT
>TAGTGACACACGTAGACACGACAGT
>TCTCGACACACTATCACACGACTCA

>TGCACACACACTCGTACACGAGACG

* Projected 5X chemistry improvements to 500MB/hr with existing instrument
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Helicos Patented
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1. Synthesize

icos

Corparat



Helicos System Performance

Routine Usage Specifications

/__“ —

12 to 16M usable strands per channel' 50 Channels
600 to 800M usable strands per run

420 to 560 Megabases per channel
21 to 28 Gigabases per run

105 to 140 Megabases per hour

25 to 55 bases in length
33 to 36 average length

>99.995% consensus accuracy at >20X coverage

<5% (~0.2% for substitutions)

Consistent from 20-80% GC content of target DNA
Independent of Read Length and Template Size

25 to 5,000 bases

1. Usable strands are defined at = 25 bases in length at the defined raw error rate \' /
Dependent on applications also /

N
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What Differentiates True Single Molecule Sequencing (tSMS)™?
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Simplicity in Sample Prep — No PCR, No Ligations
No Ligation, PCR for Paired Reads
Combine Sequence and Accurate Quantitation
* Retain Information Due to Lack of Biases
Accuracy Throughout the Sequencing Read
High Precision for Longitudinal Studies
*Digital Data — Comparable Across Data Sets
Demonstrated Sequencing of Degraded Nucleic Acid
 FFPE DNA and RNA
e Forensics
Existing Methods for 1-2ng Nucleic Acid Sample Prep
* Research Methods for 50-100 pg k\ Halicas
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Genomic Targets — A Rapid Trajectory

Timeframe Genome Coverage  Accuracy
January 2007 M13 7.6kb >50x >099.5%
December 2007 Canine BAC 194kb Prototype - >20X >99.995%
May 2008 Yeast >6000
Transcriptome | 9€Nnes
July 2008 E. coli 4.6Mb 16 Channels
Rhodobacter | 4.3Mb 48X
Staph aureus 2.8Mb
September Bacteria 1 Channel >99.995%
2008 80-100X >99.997%
>99.996%
October 2008 C. elegans 100Mb 7 Channels >99.9995%
27X
March 2009 3Gb 3runs ?
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C. elegans N2/Bristol Resequencing Summary

PE——m—————

Typical Strand Length Distribution

e 7/50 channels loaded

1200000

e 88M reads aligned
e 2.8 GB of sequence
e 3.4% average per base error s

e 0.2% sub per base

OFiltered
M Aligned

600000

e 85% of reads 0,1,2 errors
e 27x coverage
(] Va“ant Val|dat|0n 200000

e Consensus error rate of 10

31M perfect reads out of 88M Aligned Reads
) From Seven Channels Helicos
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Helicos Applications
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 Bacterial Genome Sequencing: Scale and Simplicity

 Yeast Genomic Sequencing: Capturing Difficult Sequences

« Demonstrating The Power of Quantitation

Mapping Chromatin Immunoprecipitated (ChlP) DNA
Structural Variation: Gene Amplification

Copy Number Variation: Origins of Replication
Counting Human Chromosomes

e Transcriptional Profiling

Digital Gene Expression
RNA Seq

* Research Areas W
. Small sample preparation to optimize genomics /Yy Helicos



HeliScope Workflow
Production Scale for Genomic Sequencing

tSMS Sample Prep
SToOOOCOTOS

* Shearing
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Scale from viruses to whole human genome

Routinely able to provide 80X sequence
coverage of bacterial genomes in single
channels; potential for five-plex per channel with
multiplex barcoding

No bias in sequence acquisition or in
guantitation due to complex preps to make the
sample machine-ready

Power to provide expression analyses at the
same time

Precision enables longitudinal studies of any
application — sequence or quantitation

/\\/ Helicos
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Even Coverage of the E. coli Genome
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E. coli uniquely aligned read coverage (1 kb windows)

40x
Helicos __
Mean: 20.4
CV: 0.17

20x[

40x
llumina ——
Mean: 18.7
CV: 0.26

20X

1Mb 2MDb 3Mb 4AMb
Identified 5 Variants from Aaron Berlin

reference sequence — all five E BROAD

10] were true variants = INSTITUTE




Even Representation by Base Composition

/__“_\
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Sequence coverage
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25

%GC in windows

70

+ Helicos
« [llumina

Aaron Berlin
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Number of Positions

Number of Positions

H
Si

ow Did We Do With Other Genomes?
milar Coverage with Differing Genomic Content
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de novo Assembly
Paired Read Sequencing

’ e
e One Approach in Product Development
— Library prep & ligation free paired reads

e One Approach in Research feasibility studies
— Library prep free paired end reads

e HeliScope hardware enabled for both approaches

— Additional reagent ports already available on instrument
» Spacer fill nucleotides, etc.

— Thermal control for melting & primer hybridization already
available on instrument

13|
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Helicos Paired Reads — Genomic DNA
Sample Preparation — No Ligation or Amplification
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E coli and HapMap
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Using the HeliScope Sequencer: Paired Reads
Sequence Up, Fill, Sequence Up

Step 1) Step 2) Step 3) Siep 4)

________

Spacer 1
Length |

End to End
Length

* Hybridize DNA » Sequence Up » Controlled » Sequence Up
Template to dTg for 24 Quads Dark Fill for 24 Quads

A Unique Feature of Single Molecule Sequencing:
Useful for Small Genome Assembly,
Alternative Splicing, Translocation Identification

15|
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Genomic DNA: Paired Reads Alignments
HeliScope Sequencer - E. coli
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e |nitiating Genome Assembly with VELVET

e Ultilizing both single and paired reads
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Using Helicos Reads to Capture Unclonable Sequence

/__“ —

Schizosaccharomyces octosporus genome, 12.5 Mb
e Standard 8x Sanger draft assembly:
570 gaps

Approach

 Add deep coverage of unpaired Helicos reads (assemble with Velvet)
» Attempt to close gaps with contigs

« Compare to near finished version of genome

Results

* Added 403,820 bases

» Closed 199 gaps (avg. 222 bp)
 Extend 174 ends (avg. 726 bp) — —
* Add 233kb in unanchored contigs (avg. 450 bp)

Sarah Young

EZBROAD
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Data Sets Now Available @ open.helicosbio.com
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HeliSphere™
Technology Center

Main Page
Fecent changes
Cocs

Datasets
Downloads
SV

RIKEMN Home
Snyder Home
Bernstein Home
. elegans Home
Gingeras Home
Help

Helicos hame page
Support

What links here
Related changes
Upload file
Special pages
Frintable version
Fermanent link
Print as PDF

article discussian

Datasets

wigtw SOUrCe history:

weatch

Sletowsky  mytalk  mw preferences  mywatchlist  my contributions  log out

Listed below are a number of datasets composed of aligned reads generated with HeliScope~ technology. An overview of the data collection and analysis process is

available. Data generally consist of a single channel from a HeliScope flow cell. For access to additional data from these and other experiments, send an email,
request . Downloads include reads in SMS and FASTA formats, along with reference sequences used for alignments.

Open data sets

Nematode genome resequencing

Species

Caenarhabditis elegans &

Sample

Caenorhahditis elegans genomic DA

(MNZ Bristol strain, courtesy of David Fitch @

NY )

Digital gene expression (DGE)

Species
H. sapiehs &2

H. sapiehs &2

Sample
Human brain cDMNA
total RINA

Hurnan brain cDMNA
total RMNA

Microbial genome resequencing

Species
E. colig?
(tr. K-12 substr, MG 1655)

E. colig?
(str. K12 substr. MG 1655)

S. aureus @
(str. USA300)

5. aureus @
(str. USAZ00)

R. sphaeroides &
(str. 2.4.1)

R. sphaeroides &
(str. 2.4.1)

Sample
Covaris-sheared E.

Covaris-sheared E.

Covaris-sheared S.

Covaris-sheared S.

Covaris-sheared R.

Covaris-sheared R.

prepared fram pok-A primed

prepared fram pok-A primed

coli genamic DMNA

coli genamic DMNA

aureus genamic DKA

aureus genamic DKA

sphaeroides genamic DMA

sphaeroides genamic DMNA

Aligned reads
87,830,751

Aligned reads
11,653,360

12,611 637

Aligned reads
11,968,306

11,135,740

9,534,670

10,553,246

7112,138

6,271,585

faccessible to all users registerad with the site)

Download
Celegans_20090108 &

Download
hsapiens_2008_10_17_CTS4_fe1_ch18_aligned.targz g

hsapiens_2008_10_17_CTS4_fe1_ch21_aligned targz g0

Download
ecali_2008_10_08_CTS5_fc2_ch3_alignedtar.gz @@

ecali_2008_10_01_CTS4_fc2_chs_aligned tar.gz g
saureus_2008_10_01_CTS4_fc2_ch11_aligned tar.gz &
saureus_2008_10_03_CTE1_fc2_chia_aligned tar.gz &
thado_2008_10_01_CTS4_fe2_ch16_alignedtargz @

rhoda_2008_10_03_CTS1_fe2_chi12_alignedtar.gz éf



BioSciences Corporatior

0] /\ Helicos



ChlIP-Sequencing

Collaboration with Dr. Brad Bernstein, MGH

Data Set Derived from 3-8 ng ChIP DNA

EZ_He1icos—-HIK27N

I [ [ |

20 |
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kKrnown Genes Based on UnHiFrot, EEFSEQ ahﬂ GenBank mE
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RefSeq Genes
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CpG I=lands (Island=s < 88 Bases are Light Green)
CpG Islands I 11 (I L I O I B I [
FEepeat ing Elements bd EepeatMMasker
Repestias ke IIRRE NI TR TR0 000 R wrn e v e e v rrr e

Current Method Can Utilize 250-500 pg of ChIP DNA \

/" Helicos
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Assessing Copy Number Variation (CNV)
Comparison Data: Detection of Amplified Regions

’ 71 O OO OO UPRTS K PSPPI i

vo tSMS-Data || |

110 T T I | N

[
o T T L T | | R TR g
£

Q
]

60_ .............................................................................. P I PP P Tl N N EUTTTTTTITT R -
e ok SRR o .
201

1-2 ug DNA Sheared using Covaris
e TdT PolyA tailing

e 13 Channels HeliScope Flow Cell Array CGH Data
e Helicos Genome Aligner

e >100M Reads Aligned

e Now routinely use 50-100ng DNA < >

30 Million bp

Helicos



Copy Number Variation (CNV)
r T

CNV DeteCtIOI’] LOO [oeememsmemm e e

100 -

80

60 -

40 -

20 -

2.5 Million bp
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Copy Number Variation (CNV)

CNV Detection

Obtained ~3X Genome Coverage

2.0

1.5

1.0

0.0

— raw
i — 1kb Smooth
oo | e Skb Smiooth |4

0.5

....... o.f..jd.ata..(Bkb.Smootfh.ed.).........-

Each Line |s ONE Ckélannel

i I i
8000 10000 12000 14000

00000
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ldentifying Origins of Replication in Yeast

P

Hard to do:

e Can’'t do comparatively: Not conserved in position or sequence
e Only been able to identify functionally

e Origins have variable efficiency

ldentified in S. pombe and S. cerevisiae by cloning and selection
= Straightforward but laborious

= Method not widely applicable

Nick Rhind
= Can’t we just use sequencing as a functional assay?

UIVIASS
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Mapping DNA Replication Origins
EE—————————

Schizosaccharomyces pombe (and relatives)

Synchronize cells by sorting in G2

~I 1

Grow into S phase in presence of hydroxyurea

Extract DNA (from G2 and S cells)

Seqguence by Single Molecule Sequencing

Align reads to genome and analyze

SMS Sequencing Allows
» Massive number of reads at low cost Nick Rhind

« No amplification in sample prep W’
25| -
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Requirement to Detect Precise Genomic Content

— Possible origins along genome

~I L

Actual origin usage

- = - Cell 1

= = = Cell 2
P ™ g ¥ o,

= & & Cell 3

e " T Ce” 4
— = =

— o e, S
= = == cells

~_L—

16—

14— A /\ Nick Rhind
12— J\ /\ signal

o NN NN \ ‘P*
Peaks = X axis position of the origin Y

Height of peak on Y axis = relative efficiency of origin UNMASS

26 |



ldentifying Origins
’ e

equence alignments to S.pombe chromosome Il

G2 phase raw

S phase raw

~d__—Subtract G2 from S, apply smoothing

U
; J ' 'Wm | wu WJU\J W WM W‘u p ‘udx Lf“ | lewu W J L”H‘ MUWW,MM %U”L R VA
7. 74

UMASS



Using Additional Functional Data to Validate

P

Low frequency: confirmed by DNA fiber analysis

| - T =’ s Known origins

) 100 =140 : 200

250bp tiling array
4 experiments

a0 100 150 200

Nick Rhind
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High Resolution Read Mapping
’ e

Aligned read coverage at duplicated region

A A
[ 2x duplicated ! unique |
2.0
1.6
o )
(@)]
S 1.2
) ]
5 0.8
© — ~250 bp
0.4
kb 0 1 2 3 4 5

> 250 base resolution of breakpoint of duplicated region ~ Nick Rhind
» Measure of accuracy of origin positions

2 200bp fragments used, so close to limit of resolution achievable ;A
- |
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Can We Count Effectively at the Human Genome
Level?

. E

xperiment and Analysis Method

Sequence Two Female HapMap/ Two Male HapMap
Samples — Single HeliScope Channels

e Mapped reads to human genome, discard non-unique alignments.

e Count read density in 100kb bins - Discarded bins with very low counts
from all samples (repetitive sequence).

e Normalize by sample: Counts in each 100kb bin, genome-wide,
normalize according to average bin density across all autosomes in a
single sample. Measurement per chromosome is defined as the median
normalized bin density across all bins in that chromosome.

e Normalize by chromosome: As above, then normalize values for each
chromosome by the average value of that chromosome across all control
samples.

301 e e e




Genomic DNA Samples: Assessing Sequence Read Density Across Genome
Normalized By Sample, Normalized By Chromosomal Comparisons

14 — T T T T T T T T T T T T T T T T T T T T T T I
Seq Read Density 2 o8l _
normalized k5
by sample g oer N
0.4 ~
Reads per 100kb n=4 DNA Control Samples — Normal Male/Female
per DNA sample  %2f ]
0 Lo )
4 13 5 6 3 18 8 2 7 12 21 14 9 11 10 1 15 20 16 17 22 19 y v
chromosome
Note: Chromosome 19 is extremely GC rich and will show altered tag density; Y chromosome tag
5 mapping is notoriously difficult due to highly repetitive sequences
I I I I I I I I I I I I I I I I I I I I I I I I
Seq Read Density 8 ]
normalized 1.6 -
by chromosome Lal 1

Reads per 100kb
Normalized across
samples

tag density

[2=Y

= N

T T

4

[}

L

[

L

)

<

4

[ ]

L

€

€

€

[

¢

@

[

q

L

é

[

,fr’ l:"%\
] ] ]

0.8+
06L  N=4DNA Control Samples — Normal Male/Female o i
S
oal—1L 1 00y
4 13 5 6 3 18 8 2 7 12 21 14 9 11 10 1 15 20 16 17 22 19
chromosome o .
31 A Helicos
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Genomic DNA Analysis
’ e

32|

Simple, Non-PCR based SMS methods

Sequence data shows limited bias

— Rapid trajectory on genomic target sequencing

— Allows equal coverage of diverse A+T, G+C rich regions
— Coverage provides highly accurate sequence

Attributes of SMS sequencing supports Counting
— ChIP Seqg and Copy Number Variation

— Even distribution of sequence reads for CNV

— Fine mapping of boundaries

— Accurate counting of human chromosomes

— One channel can provide high level resolution

nnnnnnnnnnnnnnnnnnnn



Extending These Genomic Studies

P

e Optimizing SNP Sniffer Software for Variants

e Paired Reads on HapMap Samples

— Optimize software: Both independent and dependent
alignments

e Additional time course of Origins of Replication

e Continued analysis of human genome data

33|
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Digital Gene Expression
Amplification-free 5 mMRNA preparation

e . ——

AAAAAAAAAA
MRNA < " NS

cDNA Synthesis with poly(U) primer ﬂ

RNA digestion ﬂ
Add poly(A) tail @

35|

Hybridize & Sequence

No cDNA fragmentation
No Libraries

No PCR amplification
No PCR bias

Maintain strandedness

May allow allele specific
expression

/\\/ Helicos
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The Latest HeliScope Data

g ——

100000

Correlation
—_— between two
channels of
Yeast DGE —
Transcripts Per
Million (TPM)

10000

1000

Two Channels
Aligned Reads Compared

100

Channel 2 — 18.1M reads >20nt
14.6M reads >24nt

ch3 (tpm, 18.6M reads)

—
]

Channel 3 - 18.6M reads >20nt
14.7M reads >24nt

100 1000 10000 100000

ch2 (tpm, 18.1M reads)

\ Demonstrated Sensitivity and Reproducibility
Allows Robust Comparisons of Transcript Differences

36|
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RNA Seq

Amplification-free 5 mRNA Sequencing

EE——E——————

5, /\ 51
mRNA-/\\J\ N HRNA P~ AAAAAAAAAA

Start with intact or fragmented RNA @

No Libraries

No PCR amplification

No PCR bias
cDNA Synthesis with random primers Maintain strandedness
and RNA digestion N May allow allele specific

P R :
CDNA expression
AAAAAAAAAAS "

Add poly(A) tall

XY Helicos

37|

Hybridize & Sequence



ENCODE Program Data
RNAseq of K562 Cytosolic polyA+ RNA

P

181,408,862 Alignhed Reads to Human Genome

e 137,317,123 Uniquely Mapping Reads
— 19,507,924 Unique Ribosomal Reads
— 14,052,923 Unique Mitochondrial Reads

e 103,756,276 unigque reads remain

— 83,799,334 /103,756,276 (80.8%) reads map to exons of known genes
(UCSC Known).

Describing Exonic Coverage: Total of UCSC 238,209 projected exons

e 78,602 exons are 100% covered by our reads
e 108,458 exons are at least 90% covered
e 117,403 exons are at least 80% covered
e 133,824 exons are at least 50% covered

74,702 have no coverage /\\ Helicos

nnnnnnnnnnnnnnnnnnnn
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RNA Seq Data — Chr22
SLC25A1 and Novel Transcribed Region

’ —
Ed Chromosome 22 (H_sapiens_Mar_#006) - Integrated Genome Browser

Fle Yow Bockmarks Tock Help

l Pick Genome Sequancs: | chrZ2 w |ehrZ2: 17,537,772 - 17,

SMS RNA seqdata

ST, 447
hseg.filtered terse-chiM-chrR-pruned.bed chr22.bed. sge

e At i Y I

1121
17,538,000 17,540,000 17,542,000 17,544,000 17,546,000

Un-annotated region known gene

avw -
17,537,807 | 100,

Characterized human exons of SLC25A1 gene on Chromosome 22
Novel transcription units outside of the SLC25A1/SLC25A1 intron

" /Yy Helicos



Differences Between Individuals: TRIM14 locus.

File View Bookmarks Tools Help

Pick Gename Sequence: | chr w |chr9: 99,551,059 - 99,924,480 1 l Refresh Data

HapMapA | o T T Y | o

uniogue ch eM-p 3 3

HapMapB 3 - A :h{&“lmlﬂ . ! . e AU A .l.(l..J“L.l.L.H.L.L..
HapMapC DL L e

q22.33

99,805,000 99,900,000 99,005,000 99,010,000 99,015,000 99,020,000

TRIM14

TRIM14

TRIM14

TRIM14

~ |Fe
4 3

av
99,881,137 224.5MB | 762.1 MB

BioSciences Corporatior
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Prototype Fusion Detection Algorithm:
Overview

EE—mm_——

unaligned

min 18bp

clusters

41 |
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GTCATCGTCCACTCAGCCACTGGATTTAAGCAGAGTTCAAATCTGTACTGCACCCTGGAGGTGGATTCCTTTGGGTATTTT

AGGCATGGGGGTCCACACTGCAATGTTTTTGTGGAACATGAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTGAGCCTCAG

GTCATCGTCCACTCAGCCACTGGATTTAAGCAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTGAGCCTCAG

GTCAT-GTCCACTCAGC-ACTGGATT-AAGCAGAGTTCAAAAGC
TCAT-GTCCACTCAGCCACTGGATTTAA-CAGAGTTCAAAAGC
CATCGTCCACTCAGCCACTGGATTTAAGC-GA-TTCAAAAGC
CATCGTCCACTCAGCCACTGGATTTAAGCAGAGTTCAAAAG
ATCGTCCACTCAGCCACTGGATTTAAGCAGAGTCCAAAAGC
A-CGTCCACTCAGCCACTGGATTTAAGCAGAGTTCAAAAGC
T-GTCCACTCAGCCACTGGATTTAAGCAGAGTTCAAAAGC
T-GTCCACTCAGCCACTGGATTTAAGCAGAGTTCAAAAGC
CG-C-ACTCAGCCACTGGATTTAA-CAGAGTTCAAAAGCCCTTCAGC
TCCACTCAGCCACTGGATTTAAGCAGAGTTCAAAAGCCC
CCACTCAGCTACTGGATTTAAGCAGAGTTCAAAAGCCCTTCAGC
CAC-CAGCCACTGGATTTAAGCAGAGTTCAAAAGCCC
ACTCAGCCACTGGATTTAA-CAGAGTTCAAAAGC
CAGCCACTGGATTTAAGCAGAGTTCAAAAGCCCTTCAGC
C-GCCACTGGATT-AAGCAGAGTTCAAAAGCCCTTCAGCG
CAGCCACTG-ATTTAAGCAGAGTTCAAAAGCCCTTCA-C
CAGCCA-TGGATTTAAGC-GAGTTCAAAAGCCCTTCAG
AGCCACTGGATTTAAGCAGAGTTCAAAAG
GCCACTGGATTTAAGCAGAGTTCAAAAGCCCT
CACTGGATTTAAGCAGAGTTCAAAAGCCCTT
CTGGATTTAAGCAGAGTTCAAAAGC--TTCAGCGGC-AGTAG
TG-ATTTAAGCAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGC
TG-ATTTAAGCAGAGTTCAAAAGCC-TTCAGC
ATTTAAGCAGAGTTCAAAAGCCCTTCAGCG-CCAGTAGCA
TTTAAG--GAGTTCAAA-GCCCTTCAGCGGCCAGTAGC
TTTAAGCAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGCAT
TTAAGCAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTGAG
AGCAGAGTTCAAAAGCCCTTCAGCA
AGCAGAGTTCAAAAGCCCTTCAGCG-CCA--AGCAT
AGCAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGCA
AGCAGAGT-CAAAAGCCCTTC-GCGGCCAGTAGCATCTGACTTTGA-C
AGCAGAGT-CAAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTG
AGCAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGCATCTGACT
AT-A-AGTTCAAAAGCC-TTCAGCGGCCA-TAGCATCTG
CAGAGTTCAAAAGCCCTTCAGCGGCCAG
CAGAGTTCAAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTG
AGTTCAAAAGCCCTTCAGCG-CCAGT-GCATCT
GTTCAAAAGCCCTTCAGCGGCCAGTAGCATCTGACT
GTTCAAAAGCC-TTCAGCGGCC-GTAGCATC
GTTCAAAAGCC-TTCAGCGGCCAGT
TCAAA-GCCCT-C-GCGGCCAGTAGCATCTGAC
TCAAA-GCCCTTCAGCGGCCAGTAGCATCTGACTTTGAG
CAAA-GCCCTTCAG-GGCCAGTAGCATCTGACTTTGAGCCTCAG
CAAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTG-GCCTCAG
AAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTGAGCCTCAG
AAAAGCCCTTCAG-GGCCAGTAGCATCTGACTTTGAG
AAAAGCC-T-CAGCGGC-AGTAGCATCTGACT
AAAAGCCCTTCAGCGGCCAGTAGCATCTGACTT
AAAAGCCCTTCAGCGGCCAGTAGCATCTGACTTTG
AAAAGCCCTTCAGCGGCCAGTAGCATCTG

42|

BCR

Example

BCR/ABL fusion transcript

e BCR-ABL fusion
transcript
In K562 cell-line

e Breakpoint is
covered by ~50
reads

Key:

eLeft match
eRight match
ePost match

/\\/ Helicos
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AGCAACCTC-GGGTTCAGCTTTTGCCAAGCTT
CAACCTCTGGG-TCAGCTTTTGCCAAGCTT
ACCTCTGGGTTCAGCTTTTGCCAAGCTT
CGGGTTCAGCTTTT-C-AAGCTT
GGGTTCAGCTTTTGCCAAGCTT
GGTTCAGCTTTTGCCAAGCTT
GTTCAG-TTTTGCCAAGCTT
GTTCAGCTT-TGCCAAGCTT
G-TCAGCTTTTGCCAAGCTT
GTTC-GCTTTTGCCAAGCTT
GTTCAG-TTTTGCCAAGCTT
GTTCAGCTTTTGCCAAGCTT
GTTCAGCTTTTGCCAAGCTT
GTTCAGCTTTTGCCAAGCTT
TTCAGCTTTTGCCAAGCTT
TCAGCTTTTGCCAAGCTT
TCAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
CAGCTTTTGCCAAGCTT
AGCTTTTGCCAAGCTT
AGCTTTTGCCAAGCTT
AGCTTTTGCCAAGCTT
AGCTTTTGCCAAGCTT
AGCTTTTGCCAAGCTT
CTTT-GCCAAGCTT
TTT-GCCAAGCTT

GCCAAGCTT

CCAAGCTT

CCAAGCTT

CAACCTCTGGGTTCAGCTTTTGCCAAGCTT

CAACCTCTGGGTTCAGCTTTTGCCAAGCTT
.. .caagacgactttgaattag
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CAGCACC-TGTAG

CAGCACCCTG
CAGCACC-TGAGAATGGA-G
CAGCACCCTGAGAATGGAG
CAG-ACCCTGAGAATGGA-GA
CAGCACCCTGAGAATGGA
CAGCACCCTGAGAATGGAGA-AGTGTT
CAGCACCCTGAGAATGGAGACAG
CAG-ACCCTGAGAATGGAGACAGTGT
CAGCACCCT-A
CAGCACCCTGAGAATGGA-GA-AGTGTT
CAGCACC-TGTGAATGGAGG
CAGCACCCTGAG

CAGCACCCTGAGA

CAGCACCCT

CAGCACCCTGA
CAGCACCCTGAG--TGGA-GACAGTGT
CAGCACCCTGAGAATGGA-G
CAGCACCCTGAGAATGGA-GACAG
CAGCACCCTGAGAATG
CAGCACCCTGAGAA
CAGCACCCTGAGAATGGAGACAGTGTTTGA
CAGCACCCTGAGAATGGAG
CAGCACCCTGAGAATGGAGACAG
CAGCACCC-GAGAA
CAGC-CCCTGAGAATGA-GACAGT
CAGCACCCTGAGAATGGAGACAGTGTTTGA
CAGCACCCTGAGAATGGAGACAG
CAGCACCCTGAGAATGGAG
CAGCACCCTGAGAATGGAGACAG
CAGCACCCTGAGAATGGAGACAGTG
CAGCACCCTGAGAATGGAGACAGTGTTTGAAG
CAGCACCCTGAGAAT-GAGACAGTGTTTGA
CAGCACCCTGAGAATGGAGACA-TGTTTGAAG

CAGCACCCTGAGAATGGAGACAGTGTTTGAAG consensus

CAGgtaagaatttgtggaag. - . Novel Gene Fusion

CAGCACCCTGAGAATGGAGACAGTGTTTGAAG

Novel Gene Fusion Parnter

Novel Fusion

Event Identified
K562, 5 channels
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RNA Methods

Digital Gene Expression and Whole Transcriptome Resequencing

—_—

e Simple, Non-PCR based SMS methods

e Digital Gene Expression
— Provides single sequence tag per transcript
— Provided details on transcription start sites

e \Whole Transcriptome Reseguencing
— Maintains strandedness
— Variety of methods for desired results
— Method for even distribution of sequence reads
— Useful for transcript splicing and fusion gene identification
— Low false positive results in fusion studies

e Small RNA Measurements
s — Method finalized for unamplified small RNA Seq /\\ Helicos
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Helicos Research Methods
Optimizing Methods for Minimal Sample Use

P

Small Sample Preparation

 DNA sequencing: 150 pg tailed and sequenced

* RNA Seq: 500 pg/7M aligned reads

« Digital Gene Expression: 2 ng HelLa total RNA/12 M aligned
reads (40% ribo/mito RNA)

FFPE DNA Sequencing: Utilizing 5-10 ng

FFPE RNA Seq: Utilizing 100ng total RNA

Direct RNA Sequencing: 2 pg

46 |
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A Comprehensive View of Genome Biology

Changes
e Sequencing is the method for ratd f’ oo .
enabling applications in: _%"_":T".,!__
Protein DNA 3 i cﬂp\.:,:iTr

* Whole Genome Resequencing  meen S
» Targeted Resequencing

» Digital Gene Expression
 RNA-Sequencing
 Small RNA Measurements

» Copy Number Assessment e
: - pe S oe gor
¢ Chromatin IP-Sequencing Doy szmﬁfw
. et =L S OF
* Methylation Status Spiens —

47 I BioSciences Corparation



Acknowledgments

/__“ —

Broad Boston College
Chad Nusbaum Gabor Marth
Carsten Russ Chip Stewart
Aaron Berlin

Sara Young NYU

Numerous Colleagues David Fitch

Karin Kiontke
U Mass Worcester

Nick Rhind and CSHL
Colleagues Tom Gingeras

MGH | Special Thanks For Funding
Brad Bernstein NHGRI

NHGRI
Mike Erdos \/
ssFrancis Collins /

BioSciences Corporation



Variant Detection: Mutation Finding
Collaboration with Albert Einstein College of Medicine

/-__“ —

Genomic Samples: Breast Cancer Cell Lines

Genes Of Interest
e BRCA1, BRCA2, ATM, CHK1, CHK2, FGFR2, p53

Long Range PCR Products Provided to Helicos for Targeted Resequencing
» Sequence each sample using single channel on HeliScope
e Align to whole human genome to define gene boundaries
* Realign to genome regions
« Utilize Helicos SNP Finding Tool for SNP and Mutation Detection

49 |
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Helicos Software For Variant Detection
snpSniffer structure Based on

forward and

Alignments

reverse
alignments




Exonic Coverage for Mutation Detection

e All seven genes were successfully sequenced to

~50-100X coverage, more than sufficient for variant
detection.

— Majority of exons in excess of 100x coverage.

e SNP detection provided list of variants in each
sample.
—snpSniffer optimized for substitution SNPs where it

appears to have provided hundreds of high confident SNP
calls.

51 |
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PCR and Sequencing Reactions
Behaved Similarly Across Samples

_ channel (1,21) T
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Excerpt of the SNP Table
High Confidence Mutation Discovery

—_—
Ref Name Chromosome Position Type Change P-value A C T G - knownSN¥ Left Flanking SNP Right Flanking

p53 chrl7 7517846 SUB G->A 4.83E-290 1 0O 0 O 0 TCTCTCCCAGGACAGGCACAAACAC G CACCTCAAAGCTGTTCCGTCCCAGT
CHK1 chri1l 125018307 SUB G->A 5.25E-288 1 0 O 0 0rslD:79519 TGCCATTAAGACTGTGGCCTGGGCC G GGCGCAGTGGCTCACGCCTGTAATC
BRAC2 chrl3 31813005 SUB G->C 4.36E-286 0 1 0 O 0 rsID:20607 AACAGTTGGTATTAGGAACCAAAGT G TCACTTGTTGAGAACATTCATGTTT
ATM chril 107688377 SUB A->G 3.63E-285 0 0o 0 1 0 rsID:65924 CTTGCATTTGAAGAAGGAAGCCAGA A TACAACTATTTCTAGCTTGAGTGAA
BRAC2 chrl3 31872022 SUB C->A 1.32E-284 1 0O 0 ©O 0 rsID:11483 CTGCAGCCTCCACTTCCCGGGTTCA C GTAATTCTCCCACCTCAAGCCTCCC
ATM chril 107710593 SUB G->A 1.32E-284 1 0o 0 O 0 rsID:22706 TATCAGCTAGGTGATTTCGCTGAAT G TTTCCTTAAAATGCCAGATTTAGCA
BRAC2 chrl3 31828936 SUB G->A 3.91E-283 0.99 0 O 0 0.01rsID:20609 CCCCTTGCTAGGCCTGCCTCATCCT G CTAAAGTGATCTGTGCTTCCAAATT
ATM chril 107648392 SUB C->T 1.59E-282 0 0 1 0 0.01rsID:66467 AGAAAGACATATTGGAAGTAACTTA C AATAACCTTTCAGTGAGTTTTCTGA
ATM chril 107699283 SUB C->T 1.59E-282 0 0 1 0 0.01rsID:59574 AAAGATTATCCTGCTGAAAAGAGTA C AGAATTCTTTAAGAAACAGTGAATA
FGFR2 chri0 123347551 SUB C->T 1.59E-282 0 001 1 O 0 rsiD:10471 GGAGAAAGCGACGAGCCCGGGGTTG C GGGGAGCAACTCCAAACGCAGAAGA
ATM chril 107610803 SUB G->A 2.54E-282 1 0O 0 O 0 rsID:22859 AAAAAAAAAAATTACAACCTGAGGT G TTTGTATGCCATAAATGCTATTATA
CHK1 chril 125002166 SUB G->T 2.54E-282 0 0o 1 o0 0 rsiD:17842 AGTTATTGTTTCCATGCCCACAAAT G GCTTCTCAGGGTTTAAGCATTGCGG
BRAC1 chrl7 38469351 SUB C->T 9.11E-282 0 0o 1 0 0 rsID:30929 ATCAGCAAAAACCTTAGGTGTTAAA C GTTAGGTGTAAAAATGCAATTCTGA
ATM chril 107646119 SUB C->T 1.17E-281 0 0o 1 0 0 rsID:63706 CTACCATTATAACTGGTCGTTGCAG C AGCCCTTTCTGTGCATAGTACCATA
ATM chril 107611992 SUB C->T 2.33E-281 0 0 1 0 0 rsID:62386 TATATCAGGTGCCTGATATCAGAGC C GGAATTACAGTTGAAAAATACCATC
p53 chrl7 7517747 SUB G->A 3.11E-281 0.99 0 0 0001 GCTTCTTGTCCTGCTTGCTTACCTC G CTTAGTGCTCCCTGGGGGCAGCTCG
FGFRZ CATI0 123769169 SUB C=T 3 IIE-Z8T 0 0 I U 0UITsSIDZ9814 CCGCCCTATGGGGGACAGAGTATCA € GATCTCTACT TTTATAGAGGCGCAG
p53 chrl7 7519370 SUB C->T 1.46E-280 0 0 1 0 0.02rsID:29094 AGACGGCAGCAAAGAAACAAACATG C GTAAGCACCTCCTGCAACCCACTAG
ATM chril 107622545 SUB C->T 2.53E-280 0 0 1 0 0.01rsID:60093 CATTTTTACACTAGTTGAAGGAACT C GTAATATTTTTCTCTTAGGCCAGAA
p53 chr17 7519370 SUB C->T 2.53E-280 0 0 1 0 0.01rsID:29094 AGACGGCAGCAAAGAAACAAACATG C GTAAGCACCTCCTGCAACCCACTAG
ATM chril 107648392 SUB C->T 2.89E-280 0 0 1 0 0.01rsID:66467 AGAAAGACATATTGGAAGTAACTTA C AATAACCTTTCAGTGAGTTTTCTGA
p53 chrl7 7519370 SUB C->T 2.89E-280 0.01 0o 1 0 0 rsID:29094 AGACGGCAGCAAAGAAACAAACATG C GTAAGCACCTCCTGCAACCCACTAG
p53 chrl7 7519370 SUB C->T 9.10E-280 0.01 0o 1 0 0 rsID:29094 AGACGGCAGCAAAGAAACAAACATG C GTAAGCACCTCCTGCAACCCACTAG
BRAC1 chrl7 38456214 SUB G->A 9.10E-280 0.99 0 O 0 0.01rsID:80701 ATCTTCCCCTGCTCTGGGCCCGTCC G TGGTGGGCCAGCTGCTGTGCTTTCT
BRAC1 chrl7 38466331 SUB C->T 9.10E-280 0 001 1 O 0 rsID:80774 TCCCAAAGTGCTGGGATTATAGGCA C GAGCCACCACACACGACCAACATTG
BRAC1 chrl7 38473086 SUB C->T 9.10E-280 0 0 1 0 0.01rsID:81762 TGCTGCGATTACAGGCATGCGCCAC C GTGCCTCGCCTCATGTGGTTTTATG
BRAC1 chr17 38498992 SUB G->A 9.10E-280 0.99 0 O 0 0rslD:17999 TTAACTTCAGCTCTGGGAAAGTATC G CTGTCATGTCTTTTACTTGTCTGTT
FGFR2 chri0 123348263 SUB C->T 1.16E-279 0 0 1 0 0.01rsID:18637 CGAGGCTGGCCAACGGCTCGCTGAG C GACTGCGTTACGTTGTTTTATGTCA
FGFR2 chri0 123238141 SUB T->A 2.33E-279 0.99 0 O 0 0.01rsID:29127 AACTGGGATCATCGGAGAGCCTGGA T CACGACATGTATTTGTTTTGGAATT
BRAC2 chrl3 31803265 SUB G->A 8.61E-279 1 0O 0 ©O 0 rsID:20607 GTCTTGCTCTGTCACCCGTGATCTC G GTTTACCGCAACCTCTGCCTCCCGT
FGFR2 chri0 123252358 SUB T->G 1.44E-278 0 0 0 1 0.02rslD:29814 ACAATGACCACTGCACTTCCTTTCA T AAGGAGGATCTAGGGGTCGGTCCCT
FGFR2 chri0 123346165 SUB A->T 1.44E-278 0.01 0 1 0 0.01rsID:29368 TCAACAAATTGAAATCTCAAAAAAC A CACACTGACCCAGGACCACAAAGCC
BRAC1 chrl7 38467274 SUB T->C 5.78E-278 0 098 0 O 0 rsID:81762 CCCAGCAGCTAGGATTACAGGCACA T GCCACCACGCTCGACTAATTTTTTT
BRAC2 chrl3 31843932 SUB C->T 5.78E-278 0 0 1 0 0.02rsID:57301 AAATATTACAGTAGAGCAAATCACA C GAATATTTTGGTTTCCCAGAGCATA
ATM chril 107744838 SUB G->T 1.75E-277 0 0 1 0 0.01 rsID:4585 ( AAGCAAAGAGGAAAAACTTTGGACA G CGTAAAGACTAGAATAGTCTTTTAA

X\ Heli
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