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Agenda

Illumina Sequencing Technology

Sequencing Workflow

Applications
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HiSeq 2000
Redefining the trajectory of sequencing

HIGHEST OUTPUT

Initially capable of up to 200 Gb per run

FASTEST DATA RATE

~25 Gb/day 

7-8 days for 2 x 100 bp

HIGHEST NUMBER OF READS

One billion single-end reads*

Two billion paired-end reads*

*Based on one billion clusters passing filter
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An Illumina Sequencer for Every need

Genome AnalyzerIIe

 40 Gb/Run
 260M Reads
 Read Length:150bp  

Next Generation 
Sequencing 

made accessible

Most widely 
adopted NGS 

platform

Genome AnalyzerIIx

 50 Gb/Run
 500M Reads
 Read Length:100bp 

HiSeq 2000
 200 Gb/Run
 2B Reads
Read Length:100bp

Redefining the 
trajectory of 
sequencing

HiScanSQ
 50 Gb/Run
 500M Reads
 Read Length:100bp 

Unique 
combination of 
sequencing & 

arrays 
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Simplest Sequencing Workflow

Parallel sample 
processing

Automated cluster
generation

Automated 
sequencing

SIMPLIFIED 
SAMPLE PREP

cBot CLUSTER 
GENERATION

HiSeq 2000 
SEQUENCING

DATA PROCESSING 
& ANALYSIS

Simple, efficient data 
analysis
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New Simplified Sample Prep Kits*
Multiple DNA and mRNA samples for sequencing application

*Expected availability Q2 2010

HIGHLIGHTS

Streamlined Workflow: Pre-mixed reagents reduce hands-on time 

when preparing multiple DNA or mRNA samples

Faster Throughput: Simultaneous preparation of 96 DNA or mRNA 

samples increases the number of samples processed/day

Automation-Friendly Process: Master-mixed reagents are 

compatible with liquid-handlers

Cost-Effective Solution: Significant reduction in sample 

preparation costs
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Simplified Sample Preparation
Multiple DNA and mRNA samples for sequencing applications

STREAMLINED WORKFLOW

Fast method for preparing gDNA or total RNA samples

Designed to process 12, 96, or more samples

Optimal for High-throughput studies

Universal Design, no need for multiple application kits

New Simplified Sample Multiplexing

Built-in Quality Control

Designed Around Automation

Part of the Illumina Solution
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cBot System – Cluster Generation Workflow

Breakthrough workflow automation system
– Clonal amplification of DNA for Illumina sequencing

Library 
Prep
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The flow cell design

Surface of flow cell 
coated with a lawn 
of oligo pairs

8 channels

Contained environment

No need for clean rooms

Sequencing performed 
inside the flow cell
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Cluster Generation
Hybridize Fragment & Extend

discard

New 
strand

Adapter

extension

Sngle molecules 
hybridize to the 
lawn of primers

Molecules are 
extended by 
polymerases

Double-stranded 
denaturation

Original template is 
washed away

Newly synthesized 
covalently attached to 
the flow cell surface in 
a random pattern

1 2

3
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Cluster Generation
Bridge Amplification

Single-strand flips over to 
hybridize to adjacent 
primers to form a bridge

Hybridized primer is 
extended by polymerases

Bridge is denatured
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Cluster Generation
Bridge Amplification

Bridge amplification cycle 
repeated until multiple bridges 
are formed

Bridges denaturation

Reverse strands cleaved and 
washed away
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cBot Performance Specifications

Compatible with GA & iScan Seq Ext

User installable

Total hands-on time: <10 min

Total run time: ~4 hrs

Integrated barcode scanner

Integrated touch-screen monitor
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Sequencing by Synthesis Chemistry

Add 4 Fl-
NTP’s + 

Polymerase

Incorporated 
Fl-NTP is 
imaged

Terminator and 
fluorescent dye 
are cleaved from 

the Fl-NTP

X 36 - 100
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500M Clusters 
Per Flow Cell

20 Microns

100 Microns

Image acquisition



1919

Sequencing Data Analysis
A simple, familiar workflow

SEQUENCING 
CONTROL 

SOFTWARE
Read Generation

CASAVA

Alignments, 
variations, builds

VISUALIZATION

GenomeStudio, or 
favorite browser
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Sample Prep

Broadest range of applications
Optimized, streamlined and easy-to-use reagent solutions

Transcriptome
• RNA-Seq
• Small RNA
• miRNA
• Directional Seq

Genome
• WG Reseq.
• De-novo
• Targeted

SequencingAutomated 
Cluster 

Generation

Regulation
• Methylation
• ChIP-Seq



2121

Published Clinical Aapplications

Copy Number Variation Analysis

Pre-natal Diagnosis

Metagenomics

Expression Analysis from FFPET

Epigenomics
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Identify copy-number alterations

Cancer High-resolution mapping of copy-number alterations with 
massively parallel sequencing Nat Methods. 2009 Jan;6(1):99-103

Cancer results from somatic alterations in key genes, including point mutations, copy-
number alterations and structural rearrangements.

The collection of million aligned sequence 
reads has comparable power to detect 
events as the current generation of DNA 
microarrays and has over twofold better 
precision for localizing breakpoints
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Prenatal Diagnostics by Deep Sequencing 
(PNAS  December 23, 2008  vol. 105  no. 51)

“Fetal DNA has been found in maternal plasma but exists as a minor fraction among a 
high background of maternal DNA”…quantitative perturbations caused by an aneuploid
chromosome in the fetal genome would be small”

“The use of a locus-independent method would greatly increase the number of target 
molecules from the aneuploid chromosome that could be analyzed within the same fixed 
volume of plasma

Sequencing is the clear way to do non-invasive prenatal testing. … existing noninvasive 
Down syndrome tests are not very informative and provide variable results depending on 
the ethnicity of those taking the test.”
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Prenatal Diagnostics by Deep Sequencing 
(PNAS  December 23, 2008  vol. 105  no. 51)

Twenty-eight first and second trimester maternal plasma 
samples were tested. All 14 trisomy 21 fetuses and 14 
euploid fetuses were correctly identified. 

Massively parallel plasma DNA sequencing represents a 
new approach that is potentially applicable to all 
pregnancies for the non invasive prenatal diagnosis of 
fetal chromosomal aneuploidies.
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A human gut microbial gene catalogue established by metagenomic
sequencing
Nature (2010), Vol 464|4 March 2010| doi:10.1038/nature08821

To understand the impact of gut microbes 
on human health and well-being it is crucial 
decipher the content, diversity and 
functioning of the microbial gut community

Metagenomic sequencing, assembly and 
characterization of 3.3 million non-
redundant microbial genes from human 
faecal samples (576.7 Gb of sequence, 
124 European individuals)

The gene set contains an overwhelming 
majority of the prevalent microbial genes..
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Over 99% of the genes are bacterial

The entire cohort harbours between 
1,000 and 1,150 prevalent bacterial 
species 

Each individual at least 160 such 
species, which are also largely 
shared

A human gut microbial gene catalogue established by metagenomic
sequencing
Nature (2010), Vol 464|4 March 2010| doi:10.1038/nature08821

85.7% and 69.5% of our contigs were not covered by the reads from 
the two previous studies highlighting the novelty we captured



2727

Transcriptomics
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Brain

UHRR

13,025 reads

8,037 reads

3,115 reads

31,109 reads

Brain

UHRR

Quantitative Measure of Gene Expression 
RPS3FKBP8

qPCR vs RNA-Seq
Spike in
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SNP Call made in GenomeStudio

Visualization of Polymorphisms in the 
Transcriptome
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3’-End Sequencing for Expression Quantification (3SEQ)
from Archival Tumor Samples January 2010 | Volume 5 | Issue 1 | e8768

A novel procedure (3SEQ) for gene expression 
profiling from FFPET using NGS. 

GEX profiling by 3SEQ and microarray on both 
frozen tissue and FFPET from two soft tissue 
tumors (desmoid type fibromatosis (DTF) and 
solitary fibrous tumor (SFT))

Analysis of 3SEQ data revealed many genes 
differentially expressed between the tumor types 
on both the frozen tissue (~9.6K genes) and 
FFPET (~8.1K genes)

Found Biological pathways known to be important 
in DTF and SFT pathogenesis
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3’-End Sequencing for Expression Quantification (3SEQ)
from Archival Tumor Samples January 2010 | Volume 5 | Issue 1 | e8768

Either intact mRNA from frozen tissue or 
degraded mRNA from FFPET is enriched 
by poly-A selection

The library is sequenced from the P5 end 
to generate 36 bp reads

These reads are expected to be mapped 
towards to the 3’ UTR or the 3’ end of the 
expressed genes
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% Cytosine methylation

251 (CpG)

259 (CpG)

273 (CpG)

Lister, R., et al., (2008) Highly integrated single-base resolution maps of the epigenome in Arabidopsis. Cell. 133(3), 523-536.

Methylation Analysis
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What is Targeted Resequencing?

What is targeted resequencing?
– Target Enrichment, Sequence Capture, Genome 

Partitioning, Genomic Capture, Target Capture, 
Targeted Pullout

Focus on subset of the genome
– Remaining genomic material discarded

Up to several Mb size candidate genomic regions 

Find exact disease causing genes and mutations

Understand complex human traits
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Genetic diagnosis by whole exome capture and massively 
parallel DNA sequencing www.pnas.orgcgidoi10.1073pnas.091067210

Whole-exome sequencing coupling whole exome arrays to the Illumina DNA sequencing 
platform. 

The ability to capture approximately 95% of the targeted coding sequences with high 
sensitivity and specificity for detection of homozygous and heterozygous variants

We illustrate the utility of this approach by identification of a rare mutation in a patient that led 
to an unexpected clinical diagnosis of the Bartter syndrome

“Because the cost of sequencing on the Illumina platform is potentially considerably lower, 
we adapted hybrid capture using the NimbleGen 2.1M Human Exome Array to the Illumina 
DNA sequencing platform”
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Illumina Sequencing Publications:

93

25

Data Analysis, 
18%

ChIP-Seq, 20%

Transcriptomics , 
20%

DNA Methylation, 
20%

Genomics, 20%

Sequencing 
Technology , 2%
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An Illumina Sequencer for Every need

Genome AnalyzerIIe

 40 Gb/Run
130M Reads
Read Length:150bp  

HiScanSQ
 50 Gb/Run
250M Reads
Read Length:100bp 

HiSeq 2000
 200 Gb/Run
1B Reads
Read Length:100bp

Unique 
combination of 
sequencing & 

arrays 

Next Generation 
Sequencing 

made accessible

Most widely 
adopted NGS 

platform

Redefining the 
trajectory of 
sequencing

Genome AnalyzerIIx

 50 Gb/Run
250M Reads
Read Length:100bp 
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Go where the biology takes you

Thank You

www.illumina.com
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