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» “lllumina”- the company...
» Where we are today...

“Solexa Sequencing chemistry”
Sample Prep
Cluster generation
Sequencing By Synthesis (SBS)

SATCGATCG _
» Data Analysis

» Q&A...
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Corporate Summary

Founded: May 1998 IPO in 2000

Headquarters: San Diego, Hayward, Cambridge

Solexa Acquisition: Jan 2007

Employees: >2000 worldwide

Ticker Symbol: ILMN
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Typical Genome Center in the Year 2006

Large Sequencing Factories
100 to 150 Capillary Sequencers
5to 10 Colony Picking Robots

Dozens of PCR Machines

Several Liquid Handling Robots

FE;road, WashU, éaner,
Thousands of 384 well plates Baylor, BGI, Venter, JGI, etc.

Dozens of lab personnel

Multi-million dollar budgets Output of
—) 3 10 5 Gb per month



Key Developments Over the Last 12 Months

Substantial enhancements on the Genome Analyzer
* >4x increase in output
 2x increase in read length
« >2x the tags per run
* Further streamlined workflow

\YENY October
GA,, V4 reagents December
Pipeline 1.4 SCS 2.5 SCS 2.6/RTA 1.6

SCS 24 RTA/Pipeline 1.5

January
HiSeq 2000
GAlle

-

CARCHPTA i TAACLT] ;
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An lllumina Sequencer for Everyone

Next Generation Two proven Redefining the
Sequencing made technologies. One Most widely adopted trajectory of
accessible. powerful platform. NGS platform. sequencing.
40GB/run 50GB/run 95GB/run 200GB/run

HiScanSQ GA HiSeq2000
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Driving down the cost of human genome sequencing

Reagents price per 30x human genome

$1 Genome Analyzer
0,000,000 y = y

Humina



Publications

Cumulative Genome Analyzer Publications

600
500

400

300

Publications

200

100

QL Q2 Q3 Q4 QI Q2 Q3 Q4 Q1 Q2 Q3 Q4
2007 2008 2009
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Publications on Genome Analyzer

Data Analysis Sequencing Technology
23% 2%

Genomics

/ 20%

ChlIP-Seq
20% ——

DNA Methylation
4%

31%
Transcriptomics

ilumina




Simplest Sequencing Workflow

SAMPLE PREP GENERATION SEQUENCING & ANALYSIS
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HiSeqg 2000

Redefining the trajectory of sequencing

R OUTPUT

y capable of up to 200 Gb per run

EST DATA RATE

b/day
ys for 2 x 100 bp

EST NUMBER OF READS

illion single-end reads™

lllion paired-end reads*

*Based on one billion clusters passing filter
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Dual Surface Imaging
Cutting-edge imaging technology

nning technology, four CCDs
ning and imaging method
ode Scrambler

eal-time auto-focus

ters grown on both surfaces of flow cell

number of reads and sequence output

o illumina



The Power of Line Scanning
Maximizing data rate

Point Imaging Area Imaging Line Imaging
Stage & filter movement delays S — 4
Data transfer delays + _ +
Practical data acquisition limit = als -+
Data quality/background rejection e — -+

Point Imaging Area Imaging

Line Imaging

Line Scan Object

Scan
Area

BeadArray GA,, iScan, HiSeq 2000,
HiScanSQ

ilumina



Four CCD Image Capture
Maximizes Throughput

eras capture data almost 100% of time

I'flow cells - alternation of imaging and chemistry

ultaneous vs. sequential imaging

16 Humina



HiSeq 2000 Dual Flow Cell Design
Instrument scalability and experimental flexibility

O INDEPENDENT FLOW CELLS
multaneously run applications that require different read lengths

un in single or dual flow cell mode

MPLE FLOW CELL LOADING
ow cells held by vacuum

oil needed

D switch ensures correct connection

17 Hummna



HiSeq 2000
Plug-and-play reagents

E-CONFIGURED SEQUENCING REAGENTS
ly two minutes hands-on time

to 200 cycles per flow cell

lor & bar-coded for tracking
mperature-controlled compartment

egrated paired-end fluidics

18 Humma



HiSeq Control Software
Touch screen user interface

LE OPERATION

il CARRIER T 10:34 PM

-by-step run-set up

A Exp?riment #532 . ! g B Experiment #725 - o
r read length, single, paired-read, indexing | e
time run A _
_e !: Loading a Flow Cell

ents usa i — I me
ote monit e Ml

media he

EpoD

@ Initialized
TO START

@ Initialized L BN .‘ _. , ‘.
BRE S
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Genome Analyzer ,, Roadmap
World’s most adopted and proven next-gen sequencer

ITTED ON PATH TO 95GB

| runs have generated >95Gb

- detects more clusters

S reagents - 2 x 150 bp reads

illumina

B T

£ e i llumina



95G Data Examples

Internal runs

Customer data

A
B
C

D*
E**

Run Ave error rate

2.02%
1.74%
1.21%

Ave error rate

1.63%

1.4%

Yield

109Gb
93.7Gb
94.5Gb

94.8Gb
97.8 Gb

*Part of early Access programme; extrapolated from 4 lanes
**Broad Institute, courtesy of Sheila Fisher

ilumina



HiSeqg 2000

Comparison with the Genome Analyzer

Gb per run

Gb per day

Cluster density in KClusters/mm?**
Read length

Available surface area (mm?)*

HiSeq 2000
(at launch)

150-200
20-25
260-350
2 x100
2880

GAllx

(at 50G)

50
5
490
2 x100
510

GA

11X

(at 95G)

o
7
620
2150
510

*GA,, with single surface, single FC, HiSeq 2000 with dual surface, dual FC

**Clusters passing filter

Humina



In one sequencing run you can...

Sequence one cancer &
OUSLY one normal genome

applications requiring
lengths At 30x coverage

me sequensiag Analyze
resequerititgole two human
transcriptomes methylomes
expression
hylationin four days In one week

€ Novo

genomics

IP-seq Profile 200 gene

_ expression samples
ranscriptome

In less than two days

ilumina



New Sequencing Sample Prep Automation*

OMIC DNA & mRNA-SEQ
scalability

pipetting errors and variability

FIGURED PROTOCOLS

es adoption and transition times
Ive development and verification needed

and supported by lllumina

*Expected availability End 2010

24 % b -_ it : '. Humina



cBot
New automated cluster generation system

BE USE

onfigured, plug-and-play reagents

le touch screen operation

de scanner for reagent and sample tracking

time run monitoring and self-diagnostics

MATION

ention-free clonal amplification in 4 hours

BT Y
% Increase in cluster density

variability vs. cluster station

25 | Humina



Sequencing By
Synthesis
SBS)
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ample preparation

ilumina




1. Fragment template

Technology

Advantages

Limitations

Minimum Length of
Starting Material

Maximum Product
Fragment Length

Automatable

Applications

28

—

Nebulization

Mechanical shearing

Low Cost

Ease of Use

Large sample Loss

Broad Size Distribution

2Kb

5 Kb

NO

ReSeq, PE

Iiiiiigl

Covaris

Adaptive Focused
Acoustics

Low Sample Loss
Tight Size Distrib. @ >1Kb

Expensive, $40,000 (S2)

Broad Size Distrib. @ <1Kb

600bp

4 Kb

YES (E210)

ReSeq, PE,
Targeted ReSeq

Hydro Shear

Hydrodynamic Shearing

Enables Mate Pair
analysis

PreClearing of samples
required.

Assembly calibration
required; assemblies can
clog

Low Throughput

3 Kb
20 Kb
NO

Mate Pair

Humina



2. Repair Ends

Converts overhangs into blunt ends and phosphorylates 5’ end

Reagents:

— dNTP, T4 DNA pol, Klenow
— Kinase/ATP (T4 PNK)

Simple enzymatic reaction

30 minutes incubation

3. Adenylate Ends

29

Adds ‘A’ base to the 3' end of the blunt, phosphorylated DNA
fragments

Prevents formation of adapters dimers and concatemers

Reagents:

— 1 mM dATP, Klenow exo (3'to 5' exo minus)

Humma



4. Link adapters

Same general template architecture regardless of application (JDNA, RNA, miRNA,
ChlP-seq, exon pull-down, etc.)

Seq.
. PS5 primer Insert P7
Single Read 5 E—
I
P7
. P5 SP.#1 Insert P7
Palred Read 5 I I
I 5
SP.#2 P7
. P5 S.P#1 I t TAG P7’
Indexed Paired , o

Humina



5. Gel purify

Size selection

remove excess adapter and adapter dimers

-
s
A
-
—
-~

tighten the range of fragment sizes

cut out a ~2 mm wide gel slice

Excision range
200 bp insert size target (+/- 10%) for 2x75 bp or shorter

in practice, this translates to a 2 mm gel slice at ~300 bp to account for
the length of the adapter sequences flanking the inserts

300 bp or greater insert size target for 2x100 bp or longer (unless you
intentionally want to sequence overlapping read pairs)

31 | . | | llumina



6. Template enrichment /Final Adapter ligation

Recommended number of cycles

Starting DNA Volume of ligation product to Number of

(Mg) PCR (ul) Cycle
5 1 10
1 5 10
0.5 10 10/12
0.1 10 12
0.05 all* 12

32 | llumina



7. OC library

Quantify your completed library using
NanoDrop (ng/ul)

Agilent Bioanalyzer (size confirmation)

lane 2: 600bp library

600

NI

Bioanalyzer traces: lane 1: 300bp library

FUI e
- - 160
m— ——
500 : 1["]' 1["]_
i 5 £
sl | 0 ; 0

. (.- M T T T T T 7T 11

T T {500 20 0 S0 0 [by)

30
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fragment DNA

end repair

add 3'-dA overhang

ligate adaptors

size select on gel

enrich w/ PCR

validate library

34

3'
5'

3l_5I

‘1’ 6% QIAquick

5_3'
31_5|

3l_5l

S _3' <) _3'
3' _5| 3' _5'

ll @% QIAquick
A '

5' A 5 ) A
A 5 A 5 A S
\L ﬁ% QIAquick

\1: =¥ aiaquick

¢ @E QIAquick
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Cluster generation

ilumina




The flow cell

Everything except sample preparation is completed on the flow
cell-Self Contained

Cluster Generation
Sequencing by Synthesis Reaction
Up to 96 samples

Closed system e

3 | . ul o llumina



Cluster generation — hybridization and amplification

OH OH

— —> —
J diol I I| diol  diol I I diol  diol I | diol  diol
| 1 1 | I

P7 P5
Grafted flowcell

Template
Hybridization

Initial extension Denaturation
(Fusion Polymerase — v4) (Formamide)

37 | llumina



Cluster generation — hybridization and amplification

—_ —_— —
I i diol diol J diol diol I diol diol I | diol diol
L1 11 11 L1
1st cycle 1st cycle 1st cycle 2nd cycle
Denaturation Annealing Extension Denaturation
(Formamide) (Bst Polymerase) (Formamide)
/i"-lﬁl\"% n=35
P
@
diol diol diol |_ diol | diol  diol |_
1 1 1 1
2 cycle 2nd cycle
extension annealing

Humina



Cluster generation for single read runs

Linearization & Blocking

Denaturation & Primer Hybridization j?b

OH|

OH —>0H —> —>
Idl dI I

Cluster Periodate Blocking with Denature and
Amplification Linearization ddNTP (®) Hybridization
SBS3

39 | llumina



40

Summary of cluster generation for single reads

OH OH
J —_— OH OH —> OH
diol
[diol  diol
1 I L1 i
P7 P5
1. Grafting 2. Hybridization & 3. Linearization
Amplification
A
OH|
Sequencing on <« < q
Genome Analyzer
1 X1
5. Denature and Hyb 4. Blocking with
SBS ddNTP (®)

Humina



How does this differ for paired end sequencing?

The answer is in the flow cell oligos

SINGLE READ
OH OH
P7 P5

Periodate Linearization

41

PAIRED END
OH
OH
P7 P5

Linearization 1 Enzyme
Linearization 2 Enzyme

Humina



Paired end cluster generation

OH OH

o o

P7 P5
Grafted flowcell

Template
hybridization

Initial extension Denaturation

42 . | Humina



Paired end cluster generation

| | :'_>I| | élﬂ:'éli

| | |
| 1 - P 1
1st cycle 1st cycle 1st cycle 2nd cycle
denaturation annealing extension denaturation
n=35
total
——
HLLILERNE I
i | | |
2nd cycle 2nd cycle
extension annealing

Humina



Paired end linearization

LT ﬂt_’iﬂfi @1‘_

Cluster P5 Linearization Block with Denaturation and
Amplification ddNTPS Sequencing Primer
Hybridization

So far, it’s all the same as Single Read except we use an ENZYME
(Linearization Enzyme 1) to perform the linearization instead of a
CHEMICAL (periodate)

44 - . | Humina



Paired end sequencing —read 1 and read 2

T ;Tfiprfi yﬁﬂw

-

Denaturation and Sequencing Denaturation and Resynthesis
Hybridization First Read De-Protection of P5 Strand
‘ < < €<
1 I t {7 1 L 1t I
Sequencing Denaturation and Block with P7 Linearization
Second Read Hybridization ddNTPs

45 Humina



Sequencing

ilumina




NexGen Sequencing vs Sanger

47

Sanger sequencing lllumina sequencing

Q 1 cycle =1 bp
36 cycles = 36 bp
AAACAACTTCGETAAGTATA “77777

one region or PCR product whole genome
(read length 350 - 850 bp) (read length 18 - 100 bp)

reference genome

sample 1
sample 2
sample 3
sample 4
sample 5
sample 6
sample 7
sample 8

sample 9
sample 10

Humina



Genome Analyzer lIx

reagents optics

o T llumina



Genome Analyzer lIx - Imaging compartment

—— Imaging Staton
[{-btage)

e Maniif il

E{'E?j-’gf" aink _~Fiber Optics

Maunt

Manifold Lever

\ Flow Call Stage

: 49 i Humina



Imaging Compartment

ilumina




GA lIx - Imaging Compartment

Apply ol
atthis point Ol Applicator
with applicator

Flow Call

O_ - Qi

Prisrm

51 Humina



Imaging Compartment

52
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GA lIx - Imaging Set Up

it
Rt oy

Gl ot

camera

1940 x 2048 (3.97 MPixels)

FLOWCELL

PRISM 60 tiles/column

X
2 columns/channel
X

8 channels/flow cell




Genome Analyzer lIx
SCS - the data collection software

54

.|.||IJ'I'|III-:I Genome Snalyzer - ata Collection Software=

Ae B Yiaw

Run  [restrument

Raaganis  Halp

R=cipa | Image Cycle |

G2 FostBase_vd el

e p—
S Fo Sowcel

recipes = a series of commands

Sarl Famoaaie

P o Smican

hiad

P T Sowcald

lfas

Puog o Sawced

Heaad

Saf Nemparalune

S Fo Sowcel

P To Swead

Fenpacaiirs G

L Ay

Ligar Wy
Incoposaton

1L o B B N [ [ (R

that control the intrument

=1l | A1) I

Terr-pm-alue-l

B e sesinoooc N e acoc B Siwese 000 [ FE Stoege 1000

] 1
119 15:23 1=30 140 15:48 15:56 1E&H 1812

=1 | Marwal Conlid & Selup |
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GAlIx - Paired end sequencing

:1234567

waste

_, Connected
to GA

PE module

el e ilumina



Sequencing by synthesis

1. Incorporation

Humina



Sequencing by synthesis

1. Incorporation
2. Scan

Humina



Sequencing by synthesis

e e T e R v e e e e

1. Incorporation

2. Scan
3. Cleavage

Humina



Genome Analyzer,, Performance Specifications

Performance Parameters

27.5 — 33 Gb of high quality data / run
2.7 —-3.3 Gb/day

276-338M reads per paired-end run
2 x 100 bp supported read length
Raw Accuracy:

> 98% (2 x 100)

> 99% (2 x 50)
Run Time:

2 x 100 bp in 9.5 days

2 x 50 bp in 5 days

1 x 35 bpin 2 days




The ENCODE Project

- a project with a vision to identify functional genomic elements

Nucleosome Mapping
DNAsel-Seq j
— Hypersensitive B IS—Seq

o)

Sites

DMA Replication
Methyl-Seq (B

#

Epigenetic Modifications

K I

ChiP-chip other
Computational

DNase Reporter _
Digestion Assays ChIP-Seq :rll'dedFIIFrE:Eg;

0
1
1
1
1
|
|
|
1
1
1
|
|
|

Small RNA Discovery

r}aens
Il N [

Long-range regulatory elements cis-requlatory elements

{enhancers, repressors’ silencers, insulators) (promoters, transcription w
factor binding sites) Transcript MRNA-Seq

Fig. 1. Functional genomic elements being identified by the ENCODE pilot phase. The indicatéd methods are being
functional elements in the human genome.

sed_to identify different types of

www.sciencemagorg  SCIENCE VOL 306 22 OCTOBER 2004 Ribo-Seq

CLiP-Seq
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Analysis

SATCGATCGL
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Data Analysis Overview

Align

Allele call

Image Base
Analysis Caller Indels

Transcripts

CASAVA

Raw Images > Processed data



Software

SCS 2.6 (Sequencing Control Studio) — GA PC

RTA 1.6 (Integrated Real Time Analysis) — GA PC
OLB 1.6 (Off-Line Basecaller) — Server

CASAVA 1.6 (Consensus Assessment of Sequence And Variation) — Server
— GERALD (Generation of Recursive Analyses Linked by Dependency)

= ELAND v2 (Efficient Large-Scale Alignment of Nucleotide

Databases)
= PhageAlign

63 | . | Humina



Sequencing Control Software v2.6

"

File  Edit  Wiew Run

Instrument  Reagents

Help

<[5

Recipe ] Sean |

GAZ-PEMZ<_2¢101 Cycle_v7.2ps.sml [FE]

Aead' ¥
Lisar Waf
Cheamvsin “FirstBaze™
FPump To Fowealf
Sef Femperafure
Fump To Foweal
Wai
FPump To Foweall
Waif
Pump To Foweal
Wai
Sef Femperafure
Femperafure OFf
FPump To Fowealf
FPump To Foweal
Catibrafion
Findadize
Aead Frap
Cycle 1
Chermiztry "PR2Flush"
Pump To Flowcel
Uzer Wit
Chermiztry "SMxFlush
Purmp To Flowcel
Incorporation
Cycle 2
Chemistry ""CompleteCycle"
Pump To Flowcel
Set Temperature
Purnp Ta Floweel
RET
Purmp To Flowcel
W ait
Purmp To Flowcel
it
Pump To Floweel
Purnp Ta Floweel
Pump To Flowcel
Pump To Flowcel
Wit
Pump To Flowcel
W ait
Purnp Ta Floweal
it
Set Temperature
Termperature Off

—

s T e e e e e I I |

17

17

e e e T T e B B

Start

[sw |

Ternperature l

B reomal Station .00 C
100

80—
B0-
40-
20-

0
20:03

1
20:03

1
20:03

File  iew

GA Settings l RunBrawser 5 ettings ]

Metwork location

ird

Metwark. folder : |S:

[ Alteate image path : |

¥ Copy results to netwark folder
V¥ Cluster intensities [.CIF)
™ Per cycle base callz [(BCL)

V' Copy images to network folder
V' Delete images locally

™ Save focus images

v

[ Edit farmat validation strings

‘W alidation strings

L
|

[ Check for unique Floweell 1D
I~ Prampt for sample sheet usage at run start
V¥ Use Paired-End Module

|40—

Focus EXposure ;

Cantral lane
* Use control lane
ContralLane: | :I'
" Use per lane base callng paramerters

" Use per flow cell base caling parameters

Use auto calibration

Auto calibration

Find Focus
Channel: [ A ]
Lazer: [ B 1

Exposure: (100

Find Edga
Channel: [ A ]

Lazer: [ R 1]

Exposure: 400

Focus Tile

Lane: |4

REE

‘ Cancel & Continue | Feset Default Configs

1 1
20:03 20:04

1 1 1
20:04 20:04 20:04

I
20:04

1
20:04

1
20:04

1
20:04

BEun tanual Contral / Setup

Ready

@ Start| (& Microsaft PowerPoi... | - lllurina Genome An... ||: Run Parameters

«PDGDOF 8:05kM




Real Time Analysis-RTA
About RTA

— State Machine
— Output of every process is a file that acts as the trigger for the next step

— Multi-threaded
— Works in the background

Input:
— Image files (.tiff)

Output:
— qSeq.txt files

Provides Real-Time metrics through graphs

Transfers data from GA computer to server

65 - . | Humina
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Real-Time Analysis Input

1940 x 2048 (3.97 MPixels)

60 tiles/column
X
2 columns/channel
X

8 channels/flow cell

How many images?

Humina



Real Time Analysis (RTA)
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Firecrest:
— Image Analysis/Template generation or cluster positioning
— Registration
= Aligning template cluster positions with image
— Intensity Extraction
— Color Matrix (Cross Talk adjustment)
— Phasing/Prephasing

Bustard:

— Basecalling
— gSeq file generation

Humina



Real Time Analysis-RTA
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l? 100126_fc613e9aaxx_phixtraining RTA Runtime Statistics - Windows Internet Explorer

Sl E [nYRunst100126_feal3eQaax:_phixtrainingCata)Status oml
File Edit View Favorites  Tools  Help

¢ Favorites | s @ s B

| @ 100126 _fc613e9aaxx_phixtraining RTA Runtime Stati. .. | |

Extracted/Called/Scored: b
[ Al } | 0/0/0 Rus: 100126_fc613e9aaxs_phixtraining

Run Info Tile Status Charts  Plots: Cluster Density Data Bv Cvcle

NumChusters by Lane  PF only [J

Lane 1 Lane2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 |Lane 8
IMIN (332K 433K [549K |622K [332K [472K 540K |620K
IMAX 464K 608K |664K |725K 442K [593K 679K |722K
P50 (375K 524K |593K |665K [374K 315K |604K |660K

FyS—-y Cluster Dengity Brrei

To0000 700000
& 500000 |- % 60000
E %
£ )
G 500000 500000
p
E
E 00000 F % 400000
=
2
o
o 300000 300000
z
]
S zo0000 200000

100000 100000

5 120 120 120 120 120 120 120 120
E 2 3 4 1= [} s ]
Lane

Humina



Real Time Analysis-RTA Output
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Qseq.txt

Tab-delimited: easy to parse, easy to import into databases

Split files per read on a read pair / multiple read run

juswinsu|

ILlO
IL1lO
IL1lO
IL1lO
ILlO
ILlO
ILlO
ILlO
ILlO
IL1lO
IL1lO
IL1lO
IL1lO
IL1lO
IL1lO
IL1lO
IL1lO
IL1lO
ILlO
ILlO
ILlO
ILlO
ILlO

auen

e S e e N A

PJ002-Y

178z
178z
178z
178z
178z
172z
172z
178z
178z
178z
178z
178z
178z
178z
178z
1782
178z
178z
178z
178z
172z
178z
178z

PJO0D-A

1238
1z&0
1226
1757
1583
1E22
239
lez
254
1314
181l&
1351
631
1282
157
455
375
401
R
279
774
lelE
12E4

# Xapu|

[ O e R e R e R e R e e e o N o |

# pesy

FE R RRRRRRRRRRRRBRRRRRR R R

Sequence

AT T AT AT T T TATCTCTTAC TCAGAACT TALT CEATCALTTCRCAC
TGTCTACAGTAGAGTCAATAGCAAGGCCACGACGCALT CLAGAALGACGLAGAG
CGAGAGCGET CAGTAGCAATCCAAACTTTGTTACTCGT CAGARAATCGRAARTCA
AACGTACCTTCAAGAAGTCCTTTACCAGCTTTAGCCATAGCACCAGAARCAALS
CAACAGEAG A AR MG CAGCETATCCTACARACT CCAGCGTACCATALACGE
A AT A AL TCETCTTTCETATCTACGTCETCALCAATTTTAL
O AATCTCA CAGC AL A A CCCAACAT CEFARACETCATCCCECATACCCTCG
AT AL AL TCAC T AR AL A CC AL TETCCCTACTTCCCALACALGCTETTCAG
O A AT AT A AL A CATACCCCTEATTCTGCETTTGCTCATCALACTALCT
TGAACAATCCGTACGT TTCCAGACCGOTTTGGCCTCTATTAAGC TCATTCAGGE
TAGGGTCAAC G TACC TG TAGGAACTCTCCGCATAALGTCCACCGCAT GLALALT
TCACGEGATGAACAT AT AAGCAATCACGGCAGCAATALACTCALCAGRAGCAG
TCAGAL AT GARATCATCTTCGETTAAATCCAALACGECAGRAAGCCTRARATGA
TCTTTAGCTCCTAGACCT TTAGCAGCAAGGTCCATATCTGACTTTTTGTTALCE
TGCCGTTTOTGATARAGTTGCTTGATTTGGTTGGACT TGGTGECALGTCTGCCGE
ATCAGCTTTACCGTCT TTCCAGAARTTGTTCCAAGTATCGRCAACAGCTTTATE
CAAAGAGTAGAART GO CACARAGCCTCAATAGCAGGT TTAAGAGCCTCGATACGE
GCAAGCTCTT TAACTGGLGGCGAT TEOGTACCCFACGACCAAAC TCAGEGAC AL
GTTCTGLTTECT TG TGO CT T TCAT G TAAAGGTRAGCCFCTTAALGCTACCA
TTTATGTTTCTFCTAT TGO TGECGRAGTTETTTCTTTTIC TG TT CT FGLEG0
AL GC T A A AT TAL G CTCACCAAAT FCAGCACCAACATALT CACCACTA
CTTCETCAAC O TCACC CC AR AT TAAAATTTTTACCGCTTCCCCETTATA
CT CAATAG AL A CTCTAC CCCATTTCATACTGCACGCCTCCACGCAATCTTCA

(1'0) Ad

ASCII Character Q-score

WhhEbba sasaab'baba aaab”b_ “ab_bWabW_ ‘aaaf aTT¥ a 1] 1
avZ]laxaZQl,_Ta~¥' 2_X'_ WVARWTHW,G[_ BEEEEEEEEEEEEEEEEEEE 1
s Mibbbal[ b b _ah'‘bhaba ba'y]'_a‘aaaiVai L b****SPIla 1
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abby]__ "*b " 'b' abb'bab™ *~ blalZ]]_~lasd [_"1la'W 1
a”"“abblla’_lYaa' "abalPY_"alWYOR]QVLTIH' [LTI[IRGY"_"EE 1
lbaakbbbaaalbb ' Wab [* " alX]b_bbWwWWZZlbat ' * aa’aa aX ' aal’ " 1
aakb_bbasga'afabbabbbal _aa™1"Z]1°_ " "1y "X _[IVEOWWIXTEQ 1
[bab [bbabY" " ~Q(Waab[aas aa *“aaaala™ aa "_a I aX[EE 1
hYEZ[[*[a*xPhva ' V*a" "L al XRPUTDMW ] 1Z20%_ZKU_ 1111TEEEE 1
aabab®a'aaaal\a'a alla'aaV]Z_ U [ "*a¥ "Ua ~'_*°_ "\ BE 1
ah_ ba ]'a"_asas®a¥TS[]° [ _° 1TV AR AY_[~ZUVWHTTS [ 1
aaah™["_aabW]_ "a'aa"a’aal |LMSZT\UY ] EEEEEEEEEEEEEEEEEEE 1
a‘aa" ™" "haahy_a 1110 [MrYOQeHEWEUTSWEN VLT 2X303VEVRD 1
aaas” "hasaal " 1% aa asaZla YV]W[_[27 % 4\ WEWM ZY V-2 1
“asbbasbbhasah "a'bhasb] [_ab]Za Y as¥aaZ [WLL "~ W]Ta] % 1
“a la'asaaa’ ]abbbaa'a *'asa’sbaa‘aaa aa’‘a’\]aala['a’\t 1
& "alaal®Z"]a\EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 1
saaa’la_ a_%_a_"'_~ W Y[__~_WFVET) [W\WEZ' ZR{LYUUV [EEEE 1
ab"Z'a™_a""Val|Pla_aa ' BEEEEEEEEEEECEEEEEEEEEEEEEEEEREEEE 1
aa®_sha®aallaa " 1[_""_1[Q1REN__YU]_]_ QT K IXT]YEEE 1
abbabbbZabbbabaWb_aai V" Vaa'TIEYal aaa™¥™ 0" ~_" % WEVOT 1

1

abaaabab_"aaababab'bbbaabab''b_a'aa ‘aaa’’aaall) [aaa’
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OLB 1.6
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“Offline Basecaller” (OLB)

OLB is simply the old “Pipeline” software, but without the
Gerald module

OLB contains image analysis (i.e., “Firecrest”) and basecalling
(“Bustard”)

OLB is Linux-based

All OLB algorithms identical to RTA 1.6 algorithms
(equivalence directly tested vs. RTA)

OLB will be released as a “tarball” (compress Linux .tar file)
OLB Users Guide a separate downloadable .pdf file via iCom
DVD’s no longer provided (not for PL, OLB or SCS)

Humina



CASAVA 1.6 High Level Features Summary

GERALD and ELANDv2 Aligner
— Supports gapped and multiseed alignment.
— Use of Custom quality calibration tables is supported
— Workflow simplification with the introduction of static make files

Demultiplexing

— Support for indexed runs (RTA via Demultiplex.pl and
multiplexedGERALD.pl

— Sample Sheet - simple .csv file implementation

Updated Allele Caller
— Significantly faster (approximately 20-fold)
— Correctly handles reads with gapped alignments and 100bp reads

Updated SNP Caller
— SNP caller updated to increase heterozygous SNP sensitivity.

71 - . | ' Humina



CASAVA 1.6 High Level Features Summary

GROUPER - Indel Detector
— Uses singleton/shadow read pairs to detect indels.

RNA SEQ improvements

— ReadBases (counting by number of bases) is now the default counting
method

— Normalization of RNA counts for exons and genes now based on RPKM
(reads per kb per million aligned reads)

Performance Improvements
— Lower memory footprint and bandwidth
— Removed chromosome name parsing
— Chromosomes will be designated by the fasta reference filename

- - . | ' Humina



Overall Analysis Workflow

CASAVA v1.6 and OLB (50G Release

Qseq
files

Samplesheet.csv

Gerald script for multiplexed run
(Eland V2) P Y Y
SNP and Counting

Multiple Indels calls For mRNA

*_export.txt

+ other files Casava 1 6
CASAVA build

Genome Studio or third party apps.

- Primary analysis and Sequence analysis split out
- Primary analysis by RTA or Off Line Base (OLB)
« Sequence analysis by CASAVA

ilumina




Genome Studio

FIGURE 1: GENCOMESTUDIO SOFTWARE FOR INTEGRATED ANALYSIS OF DATA
FROM ALL ILLUMINA PLATFORMS

Genome Analyzer iScan System Bead¥press Reader

VeraCode

GanomaStudio Softemre consists of seweral medulas bottom) that suppert tha
analyds of data generated using amy of llumina's aseay platforme (top). Data fram
saparata modulas can ba combinad inte & cingle projoct (groy armos].

G TR e

DNA Sequencing Module (DS)

Software tools can be analyzed to discover
and confirm SNPs and chromosomal
breakpoint regions. Visualization tools
display consensus reads in the
reassembled genome and indicate SNPs
with colored letters

ChlIP Sequencing Module (CS)

Create global binding site maps of DNA-
associated proteins. Differential binding
levels between experimental groups can
be identified by comparing sequences,
regions, and peaks in table or
chromosome views.

RNA Sequencing Module (RS)

This module performs digital gene
expression profiling by aggregating data
from the Genome Analyzer Pipeline
Software to count the abundance of reads
falling within specific exons, genes, and
splice junctions. The data are then
graphically displayed as tables or plots
with GenomeStudio Software

Humma



Genome Studio Viewer

ChIP-SEQ Sequences / NFRD-ACA

 An integrated genome L TACACTACTCCACACTAC ACCACASTACACT
JLCTAC M TACACCACACTACAC ACACTACAL ]

browser oA ACTACACCA CACTA CACC ACAETACAC
JLCCAC ACTACACCACACTACAC ACACTARAC

« Fast and easy data import ACACCACKCTACACCACACTACACCACACTACA
- Standard stacked alignment e
p I O .t S CACAC TACAC CACACCACACTAC ACCACACTAC

[ TACGOCACACTAC ACCAC ACTACACCACACT
« A common platform for s,

TACTACACCACACTACACCACACTACAC CATAC

SequenC|ng and m|C|’0ar|’ay CACCACACTACACT ACACC ACACTACAC GACAC

- - CACCACACTACACT ACACCACACTACAC RACAC
applications CACTACACCAGACTACACC ACAC THGAL CACG
CTACACTACACTACACTACACCACACCC CACCA

CACTACACTACACT ACACC CCAC CACACTACLC
CACTACACCACACTACACT ACAC CACACTACLC

TACACTACAC TACACTACACTACACCACACTAC

ACTACACTACACTACACTACACT ACACCACACT

ABCTACACTACACT GLACT ACAC TACAC CACLC

47T 403,720 47 403730 47 403740 47 403750 47 403760 47 403770 47 403760 47 403790 47 403500

Crrzemomy ommrmomzomam

- Humina




Genome Studio Module

@ GenomeStudio - DHA Sequencing - DNA_Example I =]
File  Edit View  Analysis Tools  ‘Window  Help
O E 2
J Sequences ] Samples ] Lanes ] 4 X || Alleles 4%
BBy oE o | o) Al Ay | [ ] 59 ] €] @) ] W o B By LAt 24 A [ ] B9 ] (€)@ (] 7 8
Index Sample Mame Machine Mame Run ID' | Lane Cluster Id Seq Index | Sample Mame Chr Id Position & < S v all s Total call
Eases | Bases | Bases | Bases Used Bases Scor
ul 3fc_DMNA_p... EASLl4 26 ] Toi212:347 CCCTAACCCTAACCCTARC & ul 3fc DMA B 1 45162 ul ul Ll 5 T 5 5 12,70/~
1 3fc_DMA_p... EASLL4 26 ] Toi212:347 GTTAGEETTAGEETTAGGEET. 1 Sfc DMA P 1 53534 5 ul Ll o ) 5 5 11.11
= Ffc_DMA_p...  SLXA-E7 589 7 103:116:857 CCTAMCCCTAMCCCTARC = Ffc_DMA_p.. 1 TA44366 4 a 0 a & 4 4 10,10
3 Ffc_DMA_p...  SLXA-E7 559 7 1:123:529 CTAACCCTAACCCTARCCCE 3 Ffc_DMA _p.. 1 506555 a a 5 a ] 5 5 12,60
4 Ffc_DMA_p...  SLXA-E7 589 7 1:123:529 TTAGGETTAGEGATAGEETT, 4 Ffc_DMA p.. 1 914761 4 a 0 a & 4 4 10,60
5 Gfc_DMA_p... EASil4 26 1 221:345:376  TAACCCTAACCCTAACCCAL 5 Sfc DMA p.. | 1 1055720 u] 4 [ul 1] C 4 4 10,40
=] 3fc_DMNA_p... EASLL4 26 1 2211345376 GEGGTAGGGETAGGEETAGE =] 3fc DMA B 1 1200215 ul ul 5 o G 5 5 11.06
7 3fc_DMA_p... SL8A-BE7 SE9 g 10492412534 AACCCTAACCCAACCCTAAL 7 Ifc DMA P 1 1200223 o o ] E T 5 5 10,86
g Ffc_DMA_p...  SLXA-E7 589 g 127:51:795 AACCCTAAC CCAMCCCTALL g Ffc_DMA_p.. 1 1572479 a 4 0 1 C 5 5 10,50
9 Ffc_DMA_p...  SLXA-E7 589 g 127:51:795 GTTAGEETTAGGEETTAGEET: 9 Ffc_DMA p.. 1 1718547 a a 5 a ] 5 5 12,90
10 Gfc_DMA_p... EASIL4 26 7 TEI367:516 CCCTAMCCCARCCCTAMCCE 10 Ffc_DMA p.. 1 1771205 5 a 0 a & 5 5 10,65
11 3fc_DMA_p... EAS114 26 7 FEi367:316 TAGGETTAGGGETAGGGETTA 11 3fc DMA p.. 1 2010974 ul ul Ll 4 T 4 4 10010
12 3fc_DMA_p... EASLL4 26 2 ZTRT06 2T GTTAGEETTAGGGTTAGGET 12 3fc DMA P 1 2021217 ul ul Ll 4 T 4 4 10060
13 3fc_DMA_p... EASLL4 26 Z Z7ET0eETFL AACCCTARCCCTARCCCTAL 13 Sfc DMA P 1 2128539 ul ul 4 o G 4 %+ 10040
14 Ffc_DMA_p... EAS1L4 26 ] §2:300:527 CTAACCCARCCCTAMCCCTE 14 Ffc_DMA_p.. 1 2129343 a a 0 = T 5 5 11.41
15 Gfc_DMA_p... EASIL4 26 ] G2:300:527 AGGEETTAGEGETTAGGETTAG 15 Ffc_DMA _p.. 1 2273702 a a 0 4 T 4 4 10,40
16 Ffc_DMA_p...  SLXA-E7 589 ] 120:165:494 GETTAGEETTAGGETTAGGEE 16 Ffc_DMA p.. 1 2522484 a a 0 4 T 4 4 10,20
17 Sfc_DMA_p... SLxA-E7 589 ] 120:168:494  AACCCTCACACTAACCCITCS 17 Sfc DMA p.. | 1 2699065 u] 1 [a] 4 T 5 5 10,40
18 3fc_DMA_p.. EASLL4 26 g 79259580 AACCCAMCCCTARCCCTAAL 18 3fc DMA P 1 277200 ul 5 Ll o C 5 5 11.51
19 3fc_DMA_p... EASLL4 26 g TO 259580 AGEETTAGGETTAGGETTAG 19 Sfc DMA P 1 ZF7TR6E7 ul ul 4 o G 4 %+ 10040
20 Ffc_DMA_p... EAS1L4 26 4 F14:202:54 AACCCAAMCCCTAMCCCT AL 20 Ffc_DMA_p.. 1 2874395 4 a 0 a & 4 4 10,60
21 Gfc_DMA_p... EASIL4 26 4 F14:202:54 TAGEETTAGGETTAGGETTA 21 Ffc_DMA p.. 1 2967799 4 a 0 a & 4 4 10,30
2 Gfc_DMA_p... EASIL4 26 3 46:956:369 AGGEETTAGEETTAGGETTAG 2 Ffc_DMA p.. 1 3013519 a a 4 a ] 4 4 10,50
23 Gfc_DMA_p... EASil4 26 3 46:956:369 ACCCTAACCCTARCCCTAAL 23 Sfc DMA p.. | 1 3047001 u] u] 4 1] G 4 4 10,30
2|4 3fc DMNA o... EASLl4 26| ] 114:215:600 P\GGGTTF\GGGTTAGGGTTﬁLI 4 Sfc DMA O.. 1 3065543 4 u] u] a A | 4 4 lﬂﬁll
L] 3 L] »
Iﬁows= 13185918 |Disp=131859158 [Sel=0 |Filter=Filter is not active, Iﬁows=8052 |Disp=8052 [Sel=0 [Filter=Filter is not active.
Log a x
D Select Al Copy [ Save 13\"? Clear Grid |® Errors I_:B Warnings |(:) Infol@ Log|
Time | Severity | Meszage I Source | ;I
11/5/2008 10:50:28 ... | INFO Loading Swisz-Prot/dniPrat gene annotation... General
11/5/2008 10:50:34 ... | INFO Loading Cpl |sland files. .. General
11/5/2008 10:50:35 ... | INFO Loading MiRBASE ... General
11/5/2008 10:60:36 .. | INFO Sorting gene annotations files. .. General
11/5/2008 10:60:36 .. | IMNFO Firing the Activei enomeChanged Event General
11/5/2008 10:80:36 .. | INFO Firing the GenomeloadFinished event. General
11/5/2008 10:50:36 ... | INFO Hurnarn:Build 36.1 Genome iz loaded General
-
Last=10:50AM  |[Erors =0 wam =10 Info = 21

oy Slalll J @ Cagzes: Home ~ Salesforc. . | 2 CADocuments and Settin... | L‘ﬂ Microgoft PowerPaint - [C... "l‘g_gl GenomeStudio - DMA .

76
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Genome Studio Module

i

=10 =]

d kX |A.Ileles| a4 x
B Gy U3 = N E R Y RCL R RS AT G S
()
- ) iZ e T Bases Total Call

Se Index | Sample Mame Zhr Id Fosition Baces | Bases | Bases | Bases Call Lised Baces ccar
TALC ] Gfc_DMNA p... 1 45162 0 0 Q 5 T 5 5 12,70/ a
AEEET— | 1 Sfc_DMA p... 1 53534 5 0 0 0 f 5 5 11.11—
B 2 Afc_DMNA _p ... 1 7443660 4 ] o ] o 4 4 10,10
P ' 3 Sfc_ DA p... 1 t={N]etatatai 0 ) 5 0 3 5 5 12,60
aEETT, 4 Gfc_DMNA b 1 914761 4 ] o ] & 4 4 10.60
CCoas 5 afc_ DA p... 1 1055720 0 4 Q 0 i 4 4 10,40
Legptele & Gfc_DMNA poo 1 1200215 0 ) 5 0 3 5 5 11.06
JCTAAL ¥ Gfc_DMNA b 1 1200223 ] ] o 5 T 5 5 10.86
CTHAL g afc_ DA p... 1 1572479 0 4 Q 1 i 5 5 10,50
EEET: 9 Gfc_DMNA_p 1 17158547 ] ] 5 ] et 5 5 12,90
B 10 Afc_DMNA_p ... 1 1771205 5 ] o ] e 5 5 10.65
2ETTA i1 Sfc_DMNA p... 1 2010974 0 0 Q 4 T 4 4 10,10
3GEEET: 12 Gfc_DMNA_p 1 2021217 ] ] o 4 T 4 4 10.60
AZCTAE 13 Afc_DMNA _p ... 1 2128539 ] ] 4 ] 2 4 4 10.40
ZZZTE 14 Sfc_ DA p... 1 2129343 0 ) 1] 5 T 5 5 11.41
aTTaiE 15 Gfc_DMNA b 1 227302 ] ] o 4 T 4 4 10.40
TAaa; 16 afc_ DA p... 1 25224584 0 0 Q 4 T 4 4 10,20
WZCTCE 17 Gfc_DMNA poo 1 ZB99065 0 1 1] 4 T 5 5 10,40
JCTAAL 15 Afc_DMNA _p... 1 2772900 ] 5 o ] . 5 5 11.81
aTTHAG 19 Gfc_DMNA p... 1 27 FF5aT 0 0 4 0 i3 4 4 10,40
TCTHAL 20 Gfc_DMNA poo 1 2a74395 4 ) 1] 0 o, 4 4 10,60
aGaTTa 21 Gfc_DMNA b 1 2967739 4 ] o ] & 4 4 10.30
aTThi 22 Afc_DMNA _p ... 1 3013519 ] ] 4 ] 2 4 4 10.50
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lllumina evaluated and third Party Tools

third —party gemnonmee amnalyzer data analysis tools

Tha evoluticr of Nnext-ganeration ssgusncing technnology will continuese o require collabo—
resesarchars, thiought leadesrs., =nd indastr Illumina ercouragess theae open axchange of e
and ideas., and wwe @are commitied to rapidly delivering solutions that will rmaximize woun
Swocess.

-

breakthrough
thinking

GLS -
Genologics

Balowe wow will fimd tools developed by IlNlumina seguamcirng customers that wou can us= §
wonar Samorms Analvzer data, These softvears applicasticns™ ars designed to be used for a
sequeancing =2pplicaticons such a2s resequencing . CThIP-Seaqg. and Digital Gene Expressicomn. O
customers haws made thess tools fresely awvailable o wowu.

Geamaorns Adigmmmaent Browsars

Ghrowss — Geaemaonmic Biroswersiimec

Tanaeric Mogsd Organisrm Dofabase Froject

htip - e . grmeed sorgfesi kil index . phpd Ghrowvesa

iCSiC BErowvesar — oamnonie brovw=sing amnd comprehhansive ammnctatiocmn

Seneris Modsl Orgsrisrm Dasfabase Froject

http -/ genome.ucsc.edu/ goldenPath/ el pfcustomTrack. bl

Stadeamn Tools (GAPSE, TGARF) - Aligmmneaent amsd Wisuaalizatiomn for Small Data S
Farmes Bondfiaeld (frvtally developed by Rodger Stadasr ), Weaellcorme TrwsE Sarmgae I
htip - /¥ souwrceforng =. el projectss stadeny

Adigrimi=snt =nd Polymiorphismnn Daetactiomr

BFAST — Elat-like Fast Accurate Search Tool

fifs Homraer, Stgrrisy & Naelsom amda Sty Maerrirmarr, indversity of Cafiformda, Los An
http -/ genome.ucla.edu/bFfast

MAC — Mappimnag amnd Assermibly weith Quoalitw

Heng i, Sangaeir Tervins

hittp = /" maqg. sourceforge .nety mag- rmean. sl

Bowertie= — Aan ultrafast mmeemeoery —aefdTicient short read aligmners

e Langrnread and Code Traprnradl, Center for Sicindforrrmafics ang COorrparfatiorrad B
Limivarsity of fMar-faresd

http - bowtie-bioc.sourceforg e..mets

Semorriic Assaerrlily

Welwelt — De mrowos assemmbly of short reads
Dandal Zerbino andg Esvany Sirmvaey, EMSL -EBT
hittp = M vivrer el e Lu b o merr b iy el ek

SSAKE — Assembly of short eads

Forrs WWarraerr, =t 20, Eritislh Colfurmbia Carrcse Sgaerieys

htip -/ bicinformatics. oxfordjournnal= crgfocgifcomternt full A 2 =740 So0
Ewuler — Germomuic Assaermbyliy

Fawveael Pevmrner areg Marks Chaissomn, Uhiversify of Califormvwa, Sany Diego
hittp =/ " mbor.sdsc.aedu/ eulary

ChIP Saecgueesn-cirnc

ChIFPSaeaq Pealk Findaer
Egrfrar= WWold, Caf T=oh andg Aick Movraers, Stamforg Lindvarsityr
http -/ Mwecldlabk .. caltech .. eduw/htmilf softvraraes

Drigital (Temne Expression
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Comiparative Cowundt Display
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How much can you do with just one lane of GA data?

1150X E. coli

Sk -

; ..I‘:f:'. - '. 9 &1
| 2x Human Genome E.i
iled I .

Yaad'-

3000X BRCA1+BRCA2, 12 samples per lane

00 8.0 16.0 24.0 320 40.0 480 56.0 640 720 80.0 8.0
T e T e e T e
G RAES R ey LR RALET HAShs L R BB LAEEH L222] REELE

[ AT T T

BACA1 axons

50X Drosophila e

NN —_— H——H HH
QWHTTM-{WWW_W“MWMW‘ e

500X Yeast Genome

e, e B B R B oy compiey O er B vere B e B e O Simpl vopm
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lllumina Next-Gen Sequencing
Sequence on a scale never before possible

S DEEP SEQUENCING OF MANY LARGE,
X GENOMES AND TRANSCRIPTOMES

JOR STUDIES INTO CANCER AND OTHER
X GENETIC DISEASES

RANSLATIONAL MEDICINE

OUTINE WHOLE GENOME SEQUENCING POSSIBLE

k
er Genomics




