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lHlumina

headquarter in San Diego, California
1800+ employees globally

develop and sell innovative technologies for
studying genetic variation and function enabling
rapid advances in disease research, drug
development, and the development of molecular
tests in the clinic

founded in 1998 (GoldenGate genotyping)
acquired Solexa in 2006 (Sequencing By Synthesis)
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lllumina Sequencers

Next Generation Two proven Redefining the
Sequencing made technologies. One Most widely adopted trajectory of
accessible. powerful platform. NGS platform. sequencing.

GA,. HiScanSQ GA,, HiSeq2000
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lllumina Array Platforms

Low- to mid-plex Dedicated array =~ Sequencing-compatible Two proven technologies.
molecular testing. instrument. array instrument. One powerful platform.

ﬂ.

BeadXpress iScan HiScan HiScanSQ
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Sequencing by synthesis chemistry

E&r@%‘ﬁgﬁ“ﬁ”%& Emch e m Mg"%ﬁ*c"'” %‘“ﬁ ﬁnﬂﬁEEé‘aEﬁmﬁﬁEEﬁmﬁﬁg i Tﬁﬁmﬂﬁhcmﬁg Eﬂ%ﬁ ﬁggm:ﬁmfw

LA TRACACACTTCTGT TACCT L T AL LA T AAATAT TAACTS TACCATT i TG "i:l'_ ] N @
WaT r::' W'E'I:IATA#E‘J{ = T"IZ'M T -2 G1Al':_5 3 A E‘T.ﬁ'l' .U-. % '¥ ?\ E‘ Tim $ A GI1_. _rm?1ﬁ:ﬁ€r' I'EE‘TA 1.6.ﬁ_|'._,..!.|f..ﬂu; _'.v' r l._...-'-*.ﬂ\.li '.':M.M&Aﬁl'r AT TAAL I u m I n a
e L2 M-'; C.A.l; E ';-"U' iy
CGTAC G T TAAL J-T"J'%‘ LTl C"\-‘-C T M“G-"v'- TA '"| A AT ?Cm-c M:E%E"r“r‘- TAA GTF-C '|T-'v‘-(
GMTC‘I'IJ IFv’..:.I-I Iiﬂ.l’ﬂ l:-u’.ﬁ CJ'L'-EGIA I.I'-.ﬁ' i TATCARTT Q'Ll'l..'- F T TAAC G TACCAT TAAGAL C- v’n.,L.G E!‘LO{;.-\:WU&TG-I AL AL AR i 'Llﬂ'ﬂ TAACLT AR A TATCAT TAALSATTACT



Workflow

GENERATION SEQUENCING & ANALYSIS
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The flow cell - a core component

T SAMPLE PREPARATION IS COMPLETED ON THE FLOW CELL
(1 - 96 samples)

n

ybridization

hesis reaction

cent signal
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The flow cell surface is coated with oligos
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Preparation of template

ST

template DNA
fragment  .........
repair ends

add A overhang

ligate adaptors &
purify on gel

enrich

genomic library
& library QC

—— compressed air or
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The flow cell is mounted on the cBot

OMATICALLY
S library into the lanes of the flow cell
lifies templates

eals sequencing primer to templates

TURES
rvention-free clonal amplification in 4 hours

ple touch screen operation
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Hybridization of template

) I |
@)

OH r 3 3 —_—
LT LTy
| L1 11 L1

P7 P5

Grafted flowcell Template Initial extension Denaturation

Hybridization (Tag Polymerase) (Formamide)
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Amplification of template

— —> —
I l c!ol diol J (!ol (!ol I !ol c!ol I | c!ol c!ol
| L1 | - L1
1st cycle 1st cycle 1st cycle 2nd cycle
Denaturation Annealing Extension Denaturation
(Formamide) (Bst Polymerase) (Formamide)

€<
c!ol diol diol |— !m | diol <!o| |_
1 I 1 |
2nd cycle 2nd cycle
extension annealing
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Annealing of sequencing primer to template

(]H d|'°ciij'_—)jH [ Lém _>T| !

Cluster Periodate Blocking with Denature and
Amplification Linearization ddNTP (®) Hybridization
SBS3
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Summary - "cluster generation”

OH OH

diol

P7 P5
1. Grafting

Sequencing on
Genome Analyzer

14

A\

_ OH OH —>  OH
I diol c!ol
1 1 1
2. Hybridization & 3. Linearization
Amplification
OH|
-— T -—
I
5. Denature and Hyb 4. Blocking with
SBS3

ddNTP (®)
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CCD camera
collects
laser-excited
fluorescence

sequencing reagents pass
through the 8 lanes inside
the flow cell

sequencing
reaction is

temperature
controlled
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Incorporation

- 1'6"'. AETTEAT RCTCIAT AALGT T AACCY A TABE AT T S AT TAALAG TG TTCTGT LAALIT TARGHR TTEAT a 7 AL TAM, Tl TTAS

1. Incorporation
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Scanning

1. Incorporation

2. Scan
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Cleavage

- 1'8"'.' TRAG AETTGAT RCTCIAT AALGT T AL TATCAATTG A TABE AT TAALGT AT TAAAGIT TG TTLTGT AT TARCAT TAGTTEAT A 7 AL TAAR Tl TTAS

1. Incorporation
2. Scan

3. Cleavage
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Millions of clusters are sequenced in paraliel

T 1._9-.- WALLAT T Tah, AT AT TUARCT L Ty AR TATCART THALRAL TAAKTAT TAAL G AT TAACAGE T CTGT TAACCT LASLLAT T# AT LA TOAT TARL G TAARL AL AT ] AT TAA iy
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A picture is taken every time a new base is added

35 :
Sequencing

36bp — 100bp

7

7 %,
rrg .r;j&;%;r; e it
77

etpesredy

Image acquisition Base calling
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"Paired-end" sequencing - a core concept

» allows unique mapping of more data

» combined with single reads and mate pair complex structural changes can
be discovered

e .:nm%sswgﬂ%“m"“%*ﬂﬁaﬁa?“&Wﬁﬂﬁ kﬁ@m“’“ﬁﬁmﬁﬂ Gt
G'IJ-CCGIML.G.I'UI W T TAMLC 'Iﬁﬂ

[ ]
-.r1T mm'%AT"Tr?.ATT %g TGAALGTA ':J-M:.{‘TA rr ATCC.N; i T.'.: AL Ay ACACTTCTGT I I I u m I n a®
m.-.rc.m il ,%?i'lé;m.m TR CAATAL Pﬁ.%ﬁn guﬁﬁ e m T -*Ts’?: A@guc ANy gm "C%uﬁr m“'a%-":cr:r-:r D‘{EE." r.-u%_gu r’f.rﬁ%:wmmmm?ﬁcé



Hybridization of second sequencing primer is done in-situ
on the sequencer

Tﬂ'fiﬂfiﬂwfiﬂt

Denaturation and Sequencing Denaturation and Resynthesis
OH

Hybridization Read1l De-Protection of P5 Strand
X
1 L1 L1 L1 L

Sequencing Denaturation and Block with P7 Linearization
Read2 Hybridization ddNTPs
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lllumina Sequencer for Everyone!

Next Generation Unique Most widely Changing the
Sequencing combination of adopted NGS trajectory of
made accessible sequencing & platform sequencing
arrays

GA,, iScansSQ GA,, HiSeq 2000

o lumina'
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Genome Analyzer lIx

Most widely
adopted NGS
platform
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Genome Analyzer,, Performance Specifications

Performance Parameters

50 Gb of high quality data / run
5 Gb / day
500 M 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 bp in 2 days

Consensus accuracy 99.999%
12 to 96 multiplex sequencing/channel

ARl

lumina'



How much can you do with just one lane of GA data?

— HH—H t f L
50X Drosophila I M A A H A ——

-, B e B B R I Lo compiecty O gy B vcre B e O Sirph

1150X E. coli
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What if, in one sequencing run you could...

Sequence one cancer &
OUSLY one normal genome

applications requiring differgnt read Iengtkbse

ome sequenging Analyze
resequefiitee'e two human
franscriptomes = EELElUhIdhTs) methylomes
expression Run
thylationln four days ' In one week

€ Nnovo

genomics

hiP-seq Profile 200 gene

) expression samples
ranscriptome

In less than two days

Numina



HiSeq 2000

uT
ly capable of up to 200 Gb per run

RATE

b/day
ays for 2 x 100 bp

BER OF READS

pillion single-end reads*

illion paired-end reads™

*Based on one billion clusters passing filter

31 lumina'



HiSeq 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
2x100
2880

GAHx
(at 50G)

50
9
490
2x100
510

GAHx
(at 95G)

95
7
620
2x150

510

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

**Clusters passing filter

lumina'



HiSeq 2000

New flow cell design

GER, DUAL-SURFACE ENABLED
Increase in imaging area

ins 8 lane format

—>12345ABXX

33
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HiSeq 2000 dual flow cell design

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

nin single or dual flow cell mode

PLE FLOW CELL LOADING
w cells held by vacuum

oil needed

D switch ensures correct connection

2 lumina'



Dual surface imaging
Cutting-edge imaging technology

anning technology with four CCDs for imaging

nning and imaging method

sters grown on both surfaces of flow cell

In number of reads and sequence output

Numina




The power of line scanning
Maximizing data rate

Point Imaging Area Imaging Line Imaging
Stage & filter movement delays e - o
Data transfer delays &= _ -+
Practical data acquisition limit I s +
Data quality/background rejection g — e

Point Imaging Area Imaging

Line Imaging

Line Scan

Object
Camera

Scan
Area

BeadArray lllumina Decoding, GA,;, lllumina Next Gen Decoding,
GA. HiScan, HiSeq 2000

Numina




HiSeq 2000
Plug-and-play reagents

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

10 200 cycles per flow cell

r-coded for tracking

mperature-controlled compartment

egrated paired-end fluidics

a7 lumina'



Workflow

SAMPLE PREP GENERATION SEQUENCING & ANALYSIS
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Data management and analysis
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Instrument computer specifications

NTROL COMPUTER (HISEQ)
| Xeon X5560 2.8 GHz CPU
AM

TB 7200 RPM SATA

: Windows Vista

COMPUTER
0 G5 Rack Server (any 64-bit Unix)

93GHz 64-bit Intel Xeon processors
t RAM

Numina



Data analysis flow

SEQUENCING IMAGES

G IMAGE ANALYSIS
ositions / intensities / noise

NG
equence
alibration
esults

XING
REFERENCE GENOME

VARIANTS AND COUNTING
on levels of exons, genes, splice variants

SULTS

sensus sequence
S

dels

A reads

INSTRUMENT PC
PRIMARY ANALYSIS
SCS

LINUX SERVER
SECONDARY ANALYSIS
CASAVA

ANY PC
GENOMESTUDIO

lumina'



gseq.txt file

47

Tab-delimited:

JuswinJlsu|

ILlAO
ILlAO
ILlO
ILlO
ILlO
IL1O
IL1GO
IL1GO
IL1GO
IL1GO
IL1GO
IL1GO
IL1GO
ILlO
ILlO
ILlO
ILlO
ILlO
ILlO
ILlO
ILlO
ILlO
ILlO

aueT

L I L S - SN S S SR SR R S R A A R I

9L

ZE
ZE
Z5

25
ZE
ZE
ZE
ZE
ZE8
ZE8
ZE8
ZE8
Z5
Z5
Z5
Z5
Z5
Z5
Z5
Z5
Z5
Z5

PJO0D- A

1238
1zEQ
1228
1757
1L&3
1223
239
1eZ
GEd
1814
131¢6
13E1
531
198z
157
456
375
401
215
o973
s
1lele
1354

# Xapu|

ocooooo oo oo oo oooooooooood

# pesy

FFEFEFRFFRFRRRRRRERERRERERRRRRRR R

Sequence

A eI T CATCACT TTCTATCTCTTACTCACAACTTAATCCATCAATTCRCAC
TETCTACACTAGACTCAATACCAACCCCACCACCCAATCCAGALACACCCACAG
A AT CACTAG AR TCC A A TTTCTTACT COTCAGAALATCCGAAATCA
AL CGTACCTTCARGALGTCCTTTACCAGCTTTAGCCATAGCACCAGARACRAARD
CAACAGCAGCAG ARG CAGGETATCCTACARAGTCCAGCGTACCATALRCED
A A AL TARAC G T T CTT TG TAT CTACCTCCTCAACAATTTTAL
CCAATCTCACCAGCALGEAACCCAACATCECAAAGETCATGCGGCATACGCTCG
ATCCALCAACTCACTARA AR CCAAGCTGTCGCTACTTCCCAAGAAGCTGTTCAG
OGO A AT AT A A CAGCCATACCGCTEATTC TGO TTTGC TCAT GAACTALGT
TEAACAATCCCTACGTTTCCAGACCGCTTTGGCCTCTATTAAGCTCATTCAGGE
TAGGGTCAACCCTACCTGTAGGAAGTGTCCGCATAAAGTGCACCCCATGGALAT
TGAC GG AT AR CATAATAACCAATCACCGCAGCAATALACTCAACAGGAGCAG
TCoAGA A A TR A TCATCTTCCGT TAAATCCAAAACGCCAGALAGCCTCAATGA
TCTTTAGCTCCTAGACCTTTAGCAGCARGGTCCATATCTGACTTTITTGTTAACG
TGCCGTTTCTGATAAGTTGCTTGATTTGGT TGEACT TGO TGGCALGTCTGCCGE
ATCAGCTTTACCGTCTTITCCAGRAATTGTTCCAAGTATCGGCALCAGCTTTATC
AL GAGTAGRLAT GO CACARGCCTCARTAGCAGGTTTAAGAGCCTCGATACGE
GLALGCTCTTTAACTGGCGGCGATTGCGTACCCGACGACCALACT CAGGGACAL
GTTICTGGTTIGGTIGTGGCCTGTTCGAT GO TARAGGTGAGCCGCT TARAGCTACCA
TTTATGTTTIGGTGCTATTGCTGGCGEAGTTGTTTCTTITITCTGCTTCTGGLGEE
GCACGCTCCCAAGCATTRAAGCTCAGGARATGCAGCAGCAAGATAATCACGAGTA
CTTGGTCRACCCCTCAGCGGCAAR AR TTAARATTTTTACCGCTTCGGCGTTATA
CTGAATAGCARAGCCTCTACGCGATTTCATAGTGGAGGCCTCCAGCAATCTT A

easy to parse, easy to import into databases

ASCII Character Q-score

(1'0) 4d
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Base calling quality score

A quality score is a prediction of the probability of an error in base calling

— produced by a model that uses quality predictors as inputs and produces Q-values as
outputs

Q=-10log10 (probability that the base is wrong)
— Q40: 1 error in 10.000 base calls
— Q30: 1 error in 1.000 base calls
— Q20: 1 error in 100 base calls

The Phred score is a method for assigning quality scores to sequencing data,
using numerial predictors of base quality

Q score are represented as ASCII characters
— from ASCI to phred = ASCII value + 64

Why not use the capillary sequencing standard Phred algorithm/predictors ?
— Phred depends crucially on the quality predictors and their statistical distributions

— good predictors for SBS data are much different than good predictors for capillary
sequencing data

s lumina'



Alighment and alighment scoring

ELAND v2
reference genome is squashed
multiseed, gapped alignment allows for detection of indels (<20 bp)

each candidate position gets a probability
— Base quality scores and mismatches are used in this calculation
— Alignment score is expressed on the Phred scale (log odds ratio)

49:
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Data quality is assessed by checking a set of metrics and

plots

52"

Lane Info Tile Mean —/- 5D for Lane
Lane E{aéz ;r;eld Elr'gi:c}ers Clusters (PF) E;‘;: (}Zj_.-'cle Int : 51;?’1(;1‘% after 20 ::‘Iu I;fers E;F—"s)h@ E—"g.?g;nnmt Score E;i];ﬁ)rror Rate
1 384339 ;Egzl " ;igél L= s00+-15 | 80.94+-1.82 gi,;;’“ " 34231 T 132608 --8.17 | 1.24+-0.46
2 |359280 iggjﬂﬁ o igfﬁ T la9s 413 80284127 gi;;ﬁ o 3_91'}“ T 5204744321 |0.68+-0.10
3363356 i’;;é‘;g o éigzgg T 416417 782344137 ?3312 o g_ﬁ? 46072441111 | 1.28 - 0.36
4 |384594 ;T;’}? o i’;éﬁz T 5154417 [ 80,03 +-238 fﬁg“ o 34;? T 13226544462 1204016
s [382373 ?S;g? T ;é;‘:gg_"' 494+-21 | 79.81 - 1.09 g‘* " 342;1 T 1322094496 |1.22+-0.19
6  [358367 i"ﬂigg - ég;gsz T l4st 427 [78.09+- 185 fzug:’ - gi;‘gm T 46138441117 127 +- 041
7 380393 ?;33;“ o iigf:’ﬁ T |a9a418 7975 +-1.93 fi‘f o gi'gg T 132406+-523 | 1.19+-0.19
8 |374541 iﬁgﬂ o 23222? T 5354083 78.60+-266 g_zﬁ'gﬁ o gf;gﬁ T 13210344867 [124+-030
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GenomeStudio
visualization of paired-end reads

mumber of reads

3G F

zitian

c Band

(4]

pped_...

9991829 9991899 9991959 9992039 9992109 99921?9

Jequence is too dense for display.

9992249 9992319 9992389
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From the TPTE gene on Chromosome 21
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Length il 2.00 Kb Reverse strand  —
—

A 147,530,000 147,532,000 147,534,000 147,536,000
I
]

-

i Alignability

i Cowverage

i SV Hotspots

b ingletons G A A L | v e——————

i 1
1 1] 1 [ I | I:—
| — ; n i___ i
1] ! 1 l ;
. " 1 1 1 1
=_ 1 1 1 |
=' 1 1 1 1
. 1 1 1 1 1
i ALL Anom LI in 1 =. . : : : :
1 1 1 1 1
— 1 1 1 1
H 1 1 1 1
H 1 1 | |
o 1 1 1 1
H 1 1 1 1
H | | | |
v v v v
i Anom Pairs SI
— Reprinted by permission from Macmillan Publishers Ltd: Nature, 456: 53-9,
e copyright 2008
LRegPalrs Sl  ——— - - T T ; gégizizi:i:i:i:::i: g

— ek o llumina
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Broadest range of customer demonstrated applications

Human Genome
Resequencing
Bacterial Sequencing Rezzrqgueetﬁging
ChIP-Seq Small RNA Discovery

Sequencing

Tag profiling mRNA-Seq Hypt?r::rs\:i:ivity Methylation

Molecular
Cytogenetics AFLP ChIA-PET

"The Genome Analyzer is enabling our clients to do things that used to be impossible,
experiments that they only dreamed of doing, but can do now at a reasonable cost.
The Genome Analyzer has completely changed our business. “

- Laurent Farinelli, Ph.D., Fasteris

CNV Nucleosome Mapping
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A comprehensive catalogue of
somatic mutations from a human
cancer genome

Pleasance et al - Nature 2010

"..provides insights into the forces that shape a
cancer genome."

"..reveal traces of the DNA damage, repir, mutation
and selection processes that were operative years
before the cancer became symptomatic”

Method

- combined 2x75bp PE reads and 2x50bp mate pair libraries (2/3/4 kb)

- COLO-829 cancer cell line from a metastasis of a malignant melanoma
and COLO-829BL lymphoblastoid line from same patient

- obtained > 40x average haploid genome coverage from COLO-829 and
32-fold from COLO-829BL

nature

60 s | | V .. .. | L .. . . :.. -. .. .- Ilumlna®
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The catalogue of somatic mutations in COLO 829

Results
— 292 coding

— 1018 small indels
— 14 coding

ED Pleasance et al. Nature. 2010 Jan 14;463(7278):191-6

— 33,345 single base substitutions

— 37 structural rearrangements
— 34 intrachromosomal
— 3interchromosomal

— 19 breakpoints in genes

— 198 changes in copy number

nature
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The sequence and de novo assembly of
the giant panda genome

Ruigiang Li et al, Nature 2010 Jan 21;463(7279):311-7

The Giant Panda lives in bamboo forests high in the mountains
of Western China. It eats 12 - 38 kg bamboo per day.

1,600 individuals remained in the wild in 2004.

Method

insert sizes of 150 bp, 500 bp, 2 kb, 5 kb and 10 kb

generated 176 gigabases of usable sequence (equal to 73x
coverage of the whole genome)

average read length of 52 bp
assembled short reads using "SOAPdenovo"

Results
genome size 2.40 gigabases

dietary preferences seem to be related to gut microbiome;
genetically speaking the Panda is carnivorous
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ﬁﬁture Ancient DNA sequencing

. DNA isolated from 4000 year old permafrost-
preserved hair

. 20x coverage

. provides evidence for a migration from Siberia into
the New World some 5,500 years ago, independent
of that giving rise to the modern Native Americans
and Inuit
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We report here the genome sequence of an ancient human. Obtained from —4,000-year-old permafrost-preserved hair, the fﬁ;ﬂ;ﬁgﬁﬁ'f"

genome represents a male individual from the first known culture to settle in Greenland. Sequenced to an average depth of Ao =F

20, we recover 79% of the diploid genome, an amount close to the practical limit of current sequencing technologies. We *’““i;;-;f"“ n s el -
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identify 353,151 high-confidence single-nucleotide polymorphisms (SNPs), of which 6.8% have not been reported
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The impact of scale in sequencing
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