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Sequencing 
Power for  
Every Scale 
Systems for every application.  
For every lab. 
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NovaSeq 5000 
$850K USD 

NovaSeq 6000 
$985K USD 

NovaSeq System Configurations 

NovaSeq 6000 NovaSeq 5000 

NovaSeq 5000 Flow Cells 

NovaSeq 6000 Flow Cells 

0.5 Tb 1 Tb 2 Tb 3 Tb Max Output / Flow Cell:  
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167 – 2000 Gb 167 – 6000 Gb 

1.6 – 6.6B 1.6 – 20B 

Fastest  (40 Hr. for 2T Run) Fast 

4 Types 2 Types 

NovaSeq 6000 NovaSeq 5000 

OUTPUT 

READ NUMBER 

RUN TIME 

Any Genome. Any Method. Any Scale. NovaSeq Series 

PE 150 | Q30 ≥ 75% 

Flow Cells 

Output range shown based on currently unreleased flow cells 

For Research Use Only.  Not for use in diagnostic procedures. 
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Configure 
output to 
match your 
application  
and study 
size 

Scalable Throughput 

Run times:  
<1 to ~2.5d 
based on 
system, FC 
and read 
length 

Complete studies faster and more economically 

Output (Gb) per Flow Cell 

Flow Cell  
Type 

NovaSeq  
5000 

NovaSeq  
6000 

Reads per  
Flow Cell 

100  
cycles 

200  
cycles 

300  
cycles 

S4* 10B 3000 

S3* 6.6B 2000 

S2 3.3 B 333 666 1000 

S1* 1.6 B 167 333 500 

Single flow cell output (1 or 2 can run simultaneously) 

*S1, S2 and S4 flow cells not currently released 

For Research Use Only.  Not for use in diagnostic procedures. 
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Powered 
by 4 types 
of flow 
cells 

4* 
flow cells 

Run 1 or 2  
flow cells – 
mix and 
match 
different 
types 

Highly Flexible 

Open to all 
methods 
and species 

1 2 

Configurable to support the broadest range of applications 

*Based on flow cells not currently released 

For Research Use Only.  Not for use in diagnostic procedures. 
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RFID encoded 
consumables 
provide 
traceability and 
ensure 
compatibility 

Onboard 
cluster gen 
reduces hands 
on time and run 
variability 

Streamlined Operation 

Cartridge 
based reagents 
reduce hands 
on time and 
prevent 
misloading 

Increase lab efficiency with a simplified workflow 

For Research Use Only.  Not for use in diagnostic procedures. 
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 $31.70  

 $20.50  

 $18.00  

 $15.80  

 $10.80  

 $10.60  

 $7.08  

List Price per Gb 

NovaSeq Series  
Compelling price per data point enables highly-powered studies 

NovaSeq 5000/6000 S1 

NovaSeq 5000/6000 S2 

NovaSeq 6000 S3 

NovaSeq 6000 S4 

HiSeq 2500 (v4) 

HiSeq 4000 

HiSeq X Five 

HiSeq X Ten 

TBD 

HiSeq 2500 based on 250 cycle kit, all others based on 300 cycle kit 

For Research Use Only.  Not for use in diagnostic procedures. 
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High 
Density 
Flow Cell 
Higher 
density flow 
cell format 
(624nm 
pitch) 

New 
surface 
chemistry 
Increased 
signal:noise 
via smaller, 
brighter 
clusters 

New 
superior 
imaging 

4x faster 
scanning  

Diffraction-
limited 
performance 

Data 
management 

8x increase in 
primary 
analysis speed 

Data footprint 
reduced by 
25% 

Reformulated 
chemistry 

Reengineered 
nucleotide dyes 

Optimization of 
8 different sub-
formulations 

Key Technology 
Enablers 
Redesigned from the ground up 

For Research Use Only.  Not for use in diagnostic procedures. 
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NovaSeq Performance and Data Quality 

●  Data quality as good as HiSeq with initial release – significant 
opportunity for further improvements 
-  Major R&D focus on further optimizing 2-channel chemistry with patterned flow cells 

●  High data quality enabled by superior optics and reformulated 
chemistry 
-  Diffraction-limited performance optics 
-  New surface chemistry, dye-sets and enzymes 

Initial Data Quality 

For Research Use Only.  Not for use in diagnostic procedures. 
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NovaSeq Performance  

Platform Read  
Length Output Percent  

Q30**  

NovaSeq* 2 x 151 >2000G 92.3 

NovaSeq* 2 x 151 >2000G 88.5 

HiSeq X 2 x 151 >2000G 82.8 

HiSeq v4 2 x 126 ~1000G 85.7 

*NovaSeq Prototype Instrument running S2 flow cell 
**NovaSeq Q30 based on calibrated, but non-final Q-table 

NovaSeq Percent Q30 by Cycle 

100 

80 

60 

40 

20 

0 

Pe
rc

en
t Q

30
 

100 200 300 Cycles 



Human Genome  
Performance on NovaSeq 

  NovaSeq  
(n4) 

HiSeq X  
(n2) 

HiSeq v4  
(n2) 

NextSeq 
(n2) 

Genome Coverage (x) 30.6 30.5 29.8 30.1 

Autosome Coverage 95% 95% 91% 94%

Autosome Callability 95% 95% 93% 93%

Autosome Exon Callability 98% 98% 91% 95%

SNP Precision 100% 100% 100% 100%

SNP Recall 97% 97% 96% 96%

Indel Precision 97% 98% 97% 96%

Indel Recall 95% 95% 88% 88%

NovaSeq Prototype Instruments running S2 flow cell 

Genome build quality highly concordant with HiSeq 
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Non N 

Exons 

Callability Across Various Genomic Regions 

NovaSeq A NovaSeq B HiSeq X 

Human Genome  
Performance on NovaSeq 

Genome build quality meets or exceeds HiSeq 

For Research Use Only.  Not for use in diagnostic procedures. 
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Flow Cell Type S1 S2 S3 S4 

Expression profiling 

Whole transcriptome analysis 

Exome 

Low pass WGS 

Liquid biopsy 

WGS 

T/N profiling 

NovaSeq Configurations and Key Methods 

Configurable to 
support broad range 
of methods and 
accommodate rapid 
turn around 

12-26 PE: optimized 

NovaSeq 6000 NovaSeq 5000 & 6000 

For Research Use Only.  Not for use in diagnostic procedures. 
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Workflow | Storage | Analysis | Sharing 

>60 
Apps 

>30,000 
Users 

>240,000 
Runs 

>4,000 
Instruments 

BaseSpace Labs Apps 

Illumina Core Applications 

Third Party Applications 
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Illumina Core 

16S  
Metagenomics 

Amplicon DS BWA & Isaac 
Enrichment 

BWA & Isaac 
WGS 

Cufflinks Assembly  
& DE 

RNA Express 

Tumor Normal 

TopHat 
Alignment 

TruSeq 
Amplicon 

TruSeq Long- 
Read Assembly 

TruSeq Phasing 
Analysis 

VariantStudio 

MethylSeq Small RNA 

TruSeq Targeted 
RNA 

FASTQ 
Toolkit 

FASTQC Kraken 
Metagenomics 

NextBio 
Transporter 

NextBio Annotates 
RNA-Seq 

PicardSpace SRA Import Prokka Genome 
Annotation 

Variant Calling 
Assessment Tool 

SRST2 

Velvet de novo 
Assembly 

SRA 
Submission 

BaseSpace Labs 

Novoalign Generic 
DNA pipeline 

Third-Party 

DNAStar DeepChek-HBV, 
HCV, HIV 

EDGC 
Annotator 

Elastic Genome 
Browser 

GeneTalk Variant 
Analyzer 

GENIUS  
Metagenomics:  

Know Now 

Genome Profiler Genomatix 
Pathway System 

(GePS) 

LoFreq Rare 
Variant Caller 

iPathwayGuide 

MyFLq Melanoma Profiler MetaPhlAn 

OncoMD PathSEQ 
Virome 

PEDANT 
Sequence-Analyzer 

Protein 
Expression 
Assembler 

Protein 
Expression 
Extractor 

SPAdes Genome 
Assembler 

RNA-Seq 
Translator 

SWATHAtlas 
Ion Library 
Generator 

The Broad’s IGV Variant 
Interpreter 

Protein 
Expression 
Workflow 

miRNAS 
Analysis 

Phy-Mer 
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Tiers and Introductory Pricing  

Basic Professional Enterprise 

1%	of	connected	instrument	
value	($30K	minimum)	$4,995 Free 

Available 

Features 

Target Markets 
 

•  Run set up, monitoring,  
data streaming, storage & 
sharing, push-button data 
analytics with 70+ Apps 

•  Test Drive Sequencing Hub 

•  Maximum 1TB storage (limit 
imposed from Feb 10th, 2016)  

•  250 iCredits for Apps 
(available March 30th, 2016)  

•  Additional Storage and 
compute cannot be 
purchased 

February 10th, 2016 Now! March 30th, 2016 

•  All customers 

•  All Basic features 

•  Purchase additional storage 
and compute 

•  Multiple user access to 
pooled resources 

•  8 hours of professional 
services support 

•  Private domain & single sign-
on 

•  Access Control 

•  24 hours of professional 
services support 

•  Audit Trail & PHI Security/
Privacy compliance 

 
 

Cost / Year 

•  Routine testing labs 
•  Small research core labs 

•  Routine Testing Labs needing 
HIPAA 

•  Large research core lab 

Prices in USD. Regional prices may vary 
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Cloud Storage and Compute Introductory Pricing  

** Reflects AWS storage / compute prices  
& Each compute hour will cost ~1-2 iCredits depending on application  

Professional Enterprise 

$1	/	iCredit&	$360/TB/yr** 

Available 

Features 

February 10th, 2016 March 30th, 2016 

•  1TB for free (one time) 

•  Pre-paid yearly storage 
subscriptions  

•  Available as 1TB, 5TB, 10TB, 
50TB 

•  Purchased via quote  

•  No cancellations or refunds 
after 30 days 

•  Compute hours monitored via 
iCredits 

•  250 iCredits free (one time) 

•  Pre-purchase  

•  Purchased via quote  

•  No cancellations or refund 
after 30 days 

 
 

Cost  

Prices in USD. Regional prices may vary 
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Illumina® | Bio-Rad® 
Single Cell Sequencing 
Solution 

For Research Use Only.  Not for use in diagnostic procedures. 
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Macosko et al, Cell: May, 2-15 

44k single cells – 39 retinal cell types 

“The single cell ‘omics revolution is firmly underway.  Nearly every expression study worth 
doing will be worth doing at single cell level…”  Ewan Birney, EMBL 

The importance of single cell sequencing 



20 

Why Perform Single Cell Analysis ? 

1. Assess cell-to-cell 
heterogeneity 

4. Infer gene 
regulatory networks 

2. Map cell 
trajectories 

3. Dissect 
transcriptional 

mechanics 



21 

Single cell sample prep: Low vs High-Throughput 
 

Resource

Highly Parallel Genome-wide Expression Profiling of
Individual Cells Using Nanoliter Droplets

Graphical Abstract

Highlights
d Drop-seq enables highly parallel analysis of individual cells

by RNA-seq

d Drop-seq encapsulates cells in nanoliter droplets together

with DNA-barcoded beads

d Systematic evaluation of Drop-seq library quality using

species mixing experiments

d Drop-seq analysis of 44,808 cells identifies 39 cell

populations in the retina

Authors
Evan Z. Macosko, Anindita Basu, ...,

Aviv Regev, Steven A. McCarroll

Correspondence
emacosko@genetics.med.harvard.edu
(E.Z.M.),
mccarroll@genetics.med.harvard.edu
(S.A.M.)

In Brief
Capturing single cells along with sets of

uniquely barcoded primer beads together

in tiny droplets enables large-scale,

highly parallel single-cell transcriptomics.

Applying this analysis to cells in mouse

retinal tissue revealed transcriptionally

distinct cell populations along with

molecular markers of each type.

Accession Numbers
GSE63473

Macosko et al., 2015, Cell 161, 1202–1214
May 21, 2015 ª2015 Elsevier Inc.
http://dx.doi.org/10.1016/j.cell.2015.05.002H
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 DropSeq 

 ddSEQ™ System 

10X 

Up to 102 Up to 103 103 to 104 

For Research Use Only.  Not for use in diagnostic procedures. 
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Illumina® | Bio-Rad® 
Single Cell Sequencing Solution 
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The Illumina | Bio-Rad 
Single Cell Sequencing Solution 

ddSEQ Single-Cell Isolator 

SureCell WTA 3’ Library Prep Kit Single Cell RNA Seq v1.0.0 

NextSeq & HiSeq 
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0 

Encapsulate Thousands of Cells in < 5 min 

Cell Suspension

Cell Barcoding 
Microspheres

ddSEQ™ Single-Cell Isolator 
with Droplet Digital™ Technology  

 

Process Thousands 
of cells in minutes 

Disposable 
Cartridges 

For Research Use Only. Not for use in diagnostic procedures. 
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SureCell™	WTA	3’	Library	Prep	Kit	for	the	ddSEQ™	System 

●  Single cell encapsulation   
with the ddSEQ™ Single-
Cell Isolator 

●  Modified Nextera® 
Library prep 

●  Sensitive assay chemistry 
without pre-amplification 

For Research Use Only. Not for use in diagnostic procedures. 

Microspheres

Cells
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How much sequencing will I need? 

5000 

50,000 

4000 

3000 

2000 

250,000 100,000 500,000 1,000,000 

6000 

25,000 

Range depends on cell type and expression levels 
and also the biological question you’re asking 

# of reads per cell 

# 
of
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d 

pe
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l 
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●  How many genes 
do I want to 
detect per cell? 

●  Am I looking for 
potentially rare 
cell types? 

●  Saturation of # 
detected genes 
requires more 
reads 

For Research Use Only. Not for use in diagnostic procedures. 
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Sequencing Power for Every Scale 

Decreasing price per GB 
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e 

HiSeq® 2500 
1000 Gb | 4B 

2x125 NextSeq® 

120 Gb | 400M 
2x150 

MiSeq® 

15 Gb | 25M 
2x300 

HiSeq 3000 
750 Gb | 2.5B 

2x150 

HiSeq 4000 
1500 Gb | 5B 

2x150 

HiSeq X Ten 
1800 Gb | 6B 

2x150 

HiSeq X® Five 
1800 Gb | 6B 

2x150 

MiniSeq™ 
7.5 Gb | 25M 

2x150 

Single Cell RNA-Seq 

For Research Use Only. Not for use in diagnostic procedures. 
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Sequencing cost per cell 

5000 

50,000 

4000 

3000 

2000 

250,000 100,000 500,000 1,000,000 

6000 

25,000 

Range depends on cell type and expression levels 
and also the biological question you’re asking 

# of reads per cell 

# 
of
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d 
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$6.63 

$3.31 
$1.66 

$0.66 

$0.33 

$0.17 

●  How many genes 
do I want to 
detect per cell? 

●  Am I looking for 
potentially rare 
cell types? 

●  Saturation of # 
detected genes 
requires more 
reads 

NextSeq 500 

For Research Use Only. Not for use in diagnostic procedures. 
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Sequencing cost per cell 

●  How many genes 
do I want to 
detect per cell? 

●  Am I looking for 
potentially rare 
cell types? 

●  Saturation of # 
detected genes 
requires more 
reads 

5000 

50,000 

4000 

3000 

2000 

250,000 100,000 500,000 1,000,000 

6000 

25,000 

Range depends on cell type and expression levels 
and also the biological question you’re asking 

# of reads per cell 

# 
of
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$4.37 

$2.18 
$1.09 

$0.43 

$0.22 

0.11 

HiSeq 3000 

For Research Use Only. Not for use in diagnostic procedures. 



30 

What about data analysis? 

For Research Use Only.  Not for use in diagnostic procedures. 
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●  Simple analysis setup for 
samples across multiple 
sequencing runs 
-  Up to 96 samples per analysis 

●  Easily choose analysis 
parameters 
-  Reference genome 
-  ERCC spike-ins 
-  Subsampling for QC 

●  Rapid alignment, cell and gene 
counting, and filtering 

For Research Use Only. Not for use in diagnostic procedures. 

        BaseSpace® Single-Cell RNA App 
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●  Per-sample reports available in-
browser and as PDF 
-  Alignment quality 
-  Coverage information 
-  Abundant sequences 

●  Perform global PCA and tSNE 
clustering 

●  Cell-cycle heatmap 

●  All output files available for 
download, or as input into 
downstream applications 
-  Includes cell-gene expression table 

For Research Use Only. Not for use in diagnostic procedures. 

        BaseSpace® Single-Cell RNA App 
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T-SNE analysis identifies a sub-population in a 
heterogeneous cell mixture mouse/human 
 



34 

PCA clustering of  1:1 mixture of 1,400 mouse and 
human cells detects distinct population 
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Two-species cell mixture (HEK293/NIH3T3) 
demonstrates low crosstalk and high purity 
 
 Cells: 1384 

Duplets: 5.8% 
Purity: 99.1%  

Number of UMIs Aligned to hg19 Genes 
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System performance on reference cells 

For Research Use Only.  Not for use in diagnostic procedures. 
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Sensitivity & Reproducibility Across Cell Lines 

Reads Per Cell (x1,000) 
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R2: 0.975 
NumGenes: 10,011 

Gene Count Reproducibility 

HEK293 Genes vs. Reads Per Cell NIH3T3 Genes vs. Reads Per Cell 

Genes Detected Across Different Cell Sizes 
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Average Cell Diameter, µm 

A20 3T3 HEK BJ 

For Research Use Only. Not for use in diagnostic procedures. 
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The Illumina | Bio-Rad Single Cell Sequencing Solution 

For Research Use Only. Not for use in diagnostic procedures. 

1.  Isolation and barcoding of several thousand single cells in minutes 
2.  Affordable platform 
3.  Scalable to profile increasing number of cells in a cost-effective manner 
4.  Proven Illumina library prep with streamlined workflow 
5.  Single-Cell RNA-Seq BaseSpace® App available 



© 2016 Illumina, Inc. All rights reserved. 
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iSelect, MiniSeq, MiSeq, MiSeqDx, MiSeq FGx, NeoPrep, NextBio, Nextera, NextSeq, Powered by Illumina, SureMDA, TruGenome, TruSeq, TruSight, Understand Your Genome, UYG, VeraCode, verifi, VeriSeq, the pumpkin 
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The Next Step in Expression 
Combining RNA-Seq and Methylation Analysis 
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RNA-Seq is still growing in popularity 

0 
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# RNA-Seq Publications in PubMed 

Source: NIH NCBI PubMed June 2016 
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RNA-Seq is Impacting All Areas of Biological Research 

www.redherring.com June 2016 

UCLA Newsroom 
June 2017 

Yu et al., Science Direct February 2015 

RNASeqBlog June 2016 
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How RNA-Seq Works 
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ConsideraJons	for	RNA-Seq	Library	PreparaJon		

●  What	is	the	integrity	of	the	input	RNA?	

●  What	is	the	source	of	the	RNA?	(FFPE?)	

●  Which	RNA	Type	is	of	interest	(mRNA	or	
Total	RNA)	

●  How	much	Total	RNA	is	available	per	
Sample?	

●  Which	RNA-Seq	applicaJon	is	planned	
(counJng,	discovery)?	

From: Martin, J. A., and Z. Wang, 2011 Next-generation 
transcriptome assembly. Nat Rev Genet 12: 671-682. 
 

For Research Use Only.  Not for use in diagnostic procedures. 
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Many	different	RNAs	exist	-	Ribosomal	RNA	is	most	abundant	RNA	
species	–	and	least	dynamic	
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Total RNA-Seq mRNA-Seq/ GEx Profiling Targeted 
Profiling 

miRNA 
Analysis 

 
 

 
TruSeq 

Stranded Total 
RNA 

 
 

 
TruSeq 

Stranded mRNA 

 
 
 

TruSeq RNA 
Access 

 
 
 
TruSeq Targeted 
RNA Expression 

 
 
 

TruSeq small 
RNA 

•  Coding + ncRNA 
•  Transcript-level 

abundance 

•  Splicing Analysis 

•  Fusion Discovery 

•  FFPE compatible 

 

•  Coding RNA 
•  Transcript-level 

abundance 

•  Splicing Analysis 

•  Fusion Discovery 

 

•  Coding RNA 
•  Transcript-level 

abundance 

•  Splicing Analysis 

•  Fusion Discovery 

•  FFPE Compatible 

 

•  10s-1,000s of 
targets 

•  Coding + ncRNA 
•  Transcript-level 

abundance 

•  Fusion Validation 

•  FFPE Compatible 

 

•  miRNA 
abundance 

•  isomiR detection 

 

Illumina’s Suite of RNA Library Prep Solutions 
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For Research Use Only.  Not for use in diagnostic procedures. 

RNA-Seq	Experimental	Design	Depends	on	Your	Target	

®  ®  ®  



47 

Four Easy Steps to RNA-Seq Results 

1. Set up/run TopHat 

2. QC of TopHat results 
Filter out challenging samples 
as needed 

3. Set up/run Cufflinks 
Name/select control group 

Name/select comparison group 

4. Visualize Group 1: Group 2 
GEX correlation 
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For Research Use Only.  Not for use in diagnostic procedures. 

MultiOmics 
Taking RNA-Seq to the Next Step  

RNA-Seq 

DNA 
Methylation 

ChIP-Seq DNA Array or 
DNA Seq 



64 

TruSeq	small	RNA	
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TruSeq	small	RNA	
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App	 DescripJon	 Details	 Cons	

Alignment	to	abundant,	mature	miRNA,	
other	RNA	and	genomic.	Outputs	mature	
miRNAs,	isomiRs	and	piRNAs.	Op9onal	novel	
precursor	discovery	and	pairwise	differen9al	
expression	analysis.	

•  miRBase	21	supported	for	
human,	mouse	&	rat	

•  100	samples/200Gb	limit	
•  25Gb/sample	limit	

•  Adapter	trimming	not	
included	

•  No	target	gene	info	
available	

•  Not	compa9ble	with	
Func9onal	Impact	or	
Pathway	Analysis	apps	

Differen9al	miRNA	expression	analysis	
between	2	condi9ons	

•  Includes	adapter	trimming	
•  miRBase	21	supported	for	
human	and	mouse	and	
op9onal	download	of	latest	
miRBase	DB	

•  Choice	of	Outlier	replacement	
from	DESeq2	

•  Rat	genome	not	
supported	

•  No	miRNA	precursor	
discovery	

•  Not	compa9ble	with	
Func9onal	Impact	or	
Pathway	Analysis	apps	

TruSeq	small	RNA	
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TruSeq	ChIP	



68 

App	 DescripJon	 Details	 Cons	

Enriched	region	iden9fica9on	of	
Chromosome	IP	(ChIP-Seq)	
experiments	and	mo9ve	discovery.	

•  Alignment	&	Peak	Calling:	MACS	
•  Peak	annota9on	and	Mo9ve	
Enrichment:	HOMER	

•  Pairwise	analysis	recommended	
•  ChIP	vs	Input	and	ChIP	vs	ChIP	
comparisons	supported	

•  Single	ChIP	analysis	(no	control)	
possible	as	well	

•  Iden9fies	"narrow"	
peaks	(i.e	transcrip9on	
factor	binding	sites),	
not	"broad"	peaks	(i.e	
histone	modifica9ons).		

•  hg19	only	reference	

ChIP-Seq	
ChIP-Seq	for	Protein-DNA	interac5on	
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For Research Use Only.  Not for use in diagnostic procedures. 

How does DNA Methylation affect gene 
expression? 

 
•  Chemical modification to our DNA (typically cytosine) that compacts 

chromatin and effects gene expression. 
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For Research Use Only.  Not for use in diagnostic procedures. 

Why Is Methylation Important? 
 

Ø  Methylation affects it all: Cancer, development, Alzheimer's, aging, 
ADHD, obesity, diabetes, addiction, infection… 

 

 

Huffington Post April 2015 
LiveScience January 2015 

WhatIsEpigenetics.com January 2015 

NPR.org January 2012 



   71 
For Research Use Only.  Not for use in diagnostic procedures. 

Why Is Studying Methylation Important? 

Ø  Methylation can be changed = actionable! 
Ø  Medicine can alter methylation 
Ø  Exercise, your environment and actions can alter methylation 
Ø  Methylation changes before DNA in tumors, giving us earlier 

warnings 

 
 

Momparler Seminars in oncology 2005 

Turecki et al., Biological psychiatry 2016 
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How does this technology work? 
Methylation Analysis With Bisulfite Conversion 

Methylation Arrays: 
Identify the difference between a 
C and A  at ~850,000 discreet 

sites of interest 

Methylation Sequencing:  
Identify the difference between a 

C and A in targeted regions up to 
38M+ CpG sites in complete 

regions 
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Methylation Arrays or Sequencing 
 

•  Arrays are cost effective for large scale screens 
•  Sequencing provides deep information across CpG rich regions 

and can call SNPs, indels within the region covered 
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Amplicon Bisulfite Sequencing Workflow 

PCR Amplify converted DNA 
(custom primers) 

Prepare Libraries 
Nextera XT 

Sequence 
MiniSeq™ or MiSeq® 

Analyze 
BaseSpace®  

•  1-10s of CpGs 
•  Custom Targets 
•  $10-100 per sample 
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•  30-50M CpGs 
•  Whole genome 
•  Any organism 
•  $3000-7000 per sample 

Infinium® 

EPIC Array 
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Whole Genome Bisulfite Sequencing Workflow 
Prepare Libraries 

TruSeq DNA Methylation 
Sequence 

NextSeq or HiSeq 
Analyze 

BaseSpace  
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•  >850K CpGs 
•  Human 
•  CpG Islands, promoters  
and enhancers 
•  $330/sample US list price 
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Methylation Array Workflow 
 

Prepare Samples 
Infinium® MethylationEPIC 

Scan 
iScan® or HiScan® 

Analyze 
GenomeStudio and  
BioConductor Apps  
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Infinium® Methylation Arrays 

2007: 27K Array 
•  First Infinium 

Methylation array 

2010: 450K Array 
•  New chemistry 
•  1000+ publications 
•  Focused on gene 

bodies and promoters 
•  EWAS studies 

2015: EPIC Array 
•  Same trusted chemistry, 

refreshed content 
•  Enhancer regions (as 

identified by ENCODE, 
FANTOM5) added 

•  >90% backwards 
compatible with 450K 
content 

•  98%+ R2 for samples run on 
each array side by side 
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•  3M CpGs 
•  Gene body, promoter,  
and enhancer focused 
•  Human 
•  $400-600/sample 
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TruSeq Methyl Capture Workflow 
Prepare Libraries 

TruSeq Methyl Capture 

Sequence NextSeq® 

 or HiSeq® 

 
Analyze 

BaseSpace  
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Sequencing Content Compared to Array 

DMR 
Differentially 
Methylated 
Region 
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TruSeq Methyl Capture Content 

Genome TruSeq Methyl 
Capture, EPIC 

Kit R Kit A 

Total Size 3000 Mb 107 Mb 84 Mb 81 Mb 
CpG Sites 28.22M 3.34M 3.15M 2.80M 
Differentially Methylated 
Regions from WGBS 

1.9M 345K 240K 227K 

Transcription Factor 
Binding Sites 

229K 180K 62K 62K 

FANTOM5 Enhancers 28.5K 28.2K 56.0K 53.7K 
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TruSeq Methyl Capture Content 

TruSeq Methyl Capture EPIC 
Kit R 
Kit A 



87 For Research Use Only.  Not for use in diagnostic procedures. 

Sequencing a TruSeq Methyl Capture Library 

Sequencing System Samples / Run 

NextSeq® 
Mid-Output Flow Cell 2 

High-Output Flow Cell 8 

HiSeq® 2500 

Rapid Run Mode,  
Dual Flow Cell 10 

High-Output Mode,  
Dual Flow Cell 72 

HiSeq® 3000 Single Flow Cell 45 

HiSeq® 4000 Dual Flow Cell 90 
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Methylation Sequencing Analysis Workflow 

Align Data 

• Map sequencing reads to a reference genome 
• Define that reference for targeted sequencing (manifest) 
• Bisulfite conversion specific aligner like BISMARK 

Call CpG 
Methylation 

• Based on bisulfite conversion rate 
• Calculated as % methylated 
• Also uses BISMARK 

Compare 
Samples 

• Differential methylation between samples with MethylKit 
• Tumor/Normal, Treated/untreated, etc 
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Kicking off MethylKit analysis 

Replicates 

Replicates 
Compare 
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MethylKit comparing samples 
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Comparing samples – Output Files 
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Correlating Methylation 
with RNA-Seq Data 

MethylMix 
•  Differential Methylation (array or sequencing) and matched RNA-Seq analysis 
•  Bioconductor Package @ bioconductor.org/packages/MethylMix/ 
•  Demo data available from TCGA 
 

COHCAP 
•  Differential Methylation (array or sequencing) and matched RNA-Seq analysis 
•  Bioconductor Package @ bioconductor.org/packages/COHCAP/ 
•  Discussion groups online for Q&A 
•  Demo data included 
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ATAC-seq 
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What is ATAC-seq?  
Assay for Transposase-Accessible Chromatin sequencing 

2013  
Bulk ATAC-seq 

2015  
Single cell 
ATAC-seq 

* Prof Greenleaf co-founded Epinomics company 
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Why do researchers want to look at chromatin 
structures? 
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ATAC-seq combines data signal results of legacy 
methods MNase and DNase 

http://www.the-scientist.com/?articles.view/articleNo/44772/title/Reveling-in-the-Revealed/  
Tsompana and Buck: Chromatin accessibility: a window into the genome. Epigenetics & Chromatin 2014 7:33 
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Easy, 3 hour workflow 

Requires least amount of cells 
compared to other methods 

Number of reads for a region 
correlates with how open that 
chromatin is at a single nucleotide 
resolution. 

ATAC-seq workflow 
Harvest cells. An 

accurate cell number 
is key to the success 

of the experiment. 

Lyse cells to 
generate a crude 

nuclei preparation. 

Tn5 tagmentation 

Purify the 
fragmented and 

tagged DNA. 

PCR amplify and 
purify the amplified 

DNA. 

Sequence 
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HiSeq 3000 HiSeq 4000 
 

Assuming 50M reads per 
ATAC-seq sample Up to 50 samples Up to 100 samples 

How many ATAC-seq samples can you run on a HiSeq? 
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Tsompana and Buck: Chromatin accessibility: a window into the genome. Epigenetics & Chromatin 2014 7:33 

ATAC-seq data analysis 

Analysis remains an evolving 
challenge for researchers. 

BaseSpace will launch an 
ATAC-seq analysis app 
coming soon 
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Explosion	of	methods…For	All	You	Seq	

hYp://www.illumina.com/content/dam/illumina-marke9ng/documents/applica9ons/ngs-library-prep/ForAllYouSeqMethods.pdf	
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Methods Selector 

http://www.illumina.com/science/sequencing-method-explorer.html 
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Questions? 
Thank you! 


