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Target Enrichment: A Highly Enabling Process

What?

• Also referred to as genome partitioning, 
targeted re-sequencing, DNA capture…

• Captures genomic material of interest for next 
generation sequencer (i.e. Illumina, SOLiD, 454 
etc…)

Why?

• Sequence your regions of interest!

• Enables focus on a subset of the genome

• Saves both time and money for downstream 
sequencing

• Identify homozygous and heterozygous variants 

in targets relative to the reference genome

gDNA

Enriched library
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Agilent’s SureSelect™ Platform: Two Options

SureSelect Target 
Enrichment System*

Developed in collaboration
with the Broad Institute
Dr. Chad Nusbaum et al.

SureSelect 
DNA Capture Array

Developed in collaboration
with Cold Spring Harbor
Dr. Greg Hannon et al.

*Flagship Method Released February 2009

Agilent 60-mer Array

3 µg gDNA

1-5 µg gDNA
(with WGA)

or
20 µg gDNA 

(unamplified)

Released July 2009
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Distinct Target Enrichment Products for Distinct 
Project Needs

or

SureSelect Target 
Enrichment System

SureSelect DNA 
Capture Array

Throughput High Low

Study Sizes 10-1,000’s samples 1-10 samples

DNA Input 3 µg 3 µg

Amplified Library 500 ng 20 µg

Captured DNA Up to 6.9 Mb Up to 1 Mb

Baits
120-mers                    

cRNA
60-mers                    

DNA
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0.5µg

<3µg

Library Preparation
• Illumina SE/PE
• SOLiD

Hybridization / Capture
24 hours

Baits
- cRNA probes
- Long (120 bp)
- Biotin labeled 
- User-defined 
(eArray)

- SurePrint synthesis
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Bead Separation

Wash / Elution / Amp

Advantages of Agilent Target Enrichment

• Long baits tolerate mismatches

• RNA-DNA hybrids stronger than DNA-DNA

• RNA probe is strand-specific:

Allows large molar excess of bait 

Target-limited; improves uniformity

• Easily automated: all steps liquid handling

• 24 hour hybridization

• Low input DNA (< 3 ug)

• Working on Solution Enrichment since 2006, license from Broad
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SureSelect™ Target Enrichment System: Workflow

HiSeq 2000 & Illumina GAIIx

24 hours

0.5µg

<3µg
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SureSelect™ Target Enrichment System: Workflow

24 hours

0.5µg

<3µg

SOLiD 3 & SOLiD 4 
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Broad Paper on Cover of February, 2009 Nature 
Biotechnology Underlying Technology of 
SureSelect™ Target Enrichment System
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SureSelect™ Target Enrichment System

1.  Design & Order 2.  Kit Production 3.  Single Tube           
Workflow

Select custom
Target Enrichment baits 

using eArray

or

select catalog oligo set

55K unique 120 mer oligos 
synthesized on one wafer

Oligos released

Oligo IVT to RNA-biotin

Kit Includes

1. Biotinylated-cRNA
2. Reagents
3. Protocol

SureSelect™ Kit
shipped to customer

eArray Web Portal
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Target Enrichment Design Application in eArray

• eArray is a tool to design and order custom microarrays, qPCR 
primers and SureSelect products (and it is free!!)

• eArray is divided into “Application Spaces”

• Allows for application specific functionality

• Target Enrichment application space features:

• Create custom baits and bait libraries 

• Search existing designs/baits

– Catalog and custom

• Upload custom bait designs

• Download design files

• Share designs

• Get quotes
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Target Enrichment Design in eArray

baits

target region
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Bait Design is Dependent on Read Length Output 
of Sequencer 

• eArray currently restricts to 2x to 5x tiling for 36bp PE & SE sequencing

• End to end tiling enabled (1x) for 76 bp PE kit and human exome capture

– Human exome target enrichment kit contains baits designed by end to end 
tiling

– Optimal for 76 bp paired-end sequencing on the Illumina GA

55k baits @120bp   6.9 Mb

1x-tiled for 76 bp PE sequencing

55k baits @ 120bp   3.45 Mb

2x-tiled for 36 bp PE & SE sequencing
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eArray – Supported Species
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H. sapiens, M. musculus, R. norvegicus, 
D. melanogaster, C. elegans, C. familiaris, S. cerviseae, S. 

pombe, G. gallus, B. taurus, A. thaliana



Sequence Any Genome- eArray XD
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Santa Clara Manufacturing Facility

- Industrial manufacturing 
– Class 10,000 clean-
room

- Wired directly into eArray, 
allowing direct customer 
access to fully 
customizable products

- High-performance inkjet 
printing enables long 
oligo manufacturing
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SureSelect Biotinlyated RNA Library Production & 
Quality Control

Customer Selects 
Genomic Loci using 
eArray Software

a bx

Synthesis of
SureSelect Oligo Library

PCR 1

A B

a b

X

x

A BT7 X

PCR 2
IVT with 
Biotin-UTP

A BX

SureSelect RNA

SureSelect RNA
Libraries Sent to Customers

QPCR of SureSelect Oligonucleotide Library PCR1 Intermediates 

1

10

100

1000

10000

100000

1000000

PCR1 B139 PCR1 B140 Reference Library

Oligonucleotide Libraries (Diluted)

C
o

n
t
r
o

l 
C

o
p

y
 N

u
m

b
e

r

Control 1

Control 2

Control 3

Control 4

Control 5

Control 6

Control 7

Negative Control

 Bar Chart

Binned LogRatio

 2  1 
 6 

 1 
 6  5  1 

 10 
 17 

 28 

 46 

 63 

 86 

 114 

 169 

 255 

 325 

 294 

 87 

 3 

-2.224 -1.896 -1.568 -1.24 -0.912 -0.584 -0.256 0.072 0.4 0.728 1.056 1.384 1.712 2.04 2.368 2.696 3.024 3.352 3.68
0

50

100

150

200

250

300

350

400
Array Log Ratio Distribution of Probes 
within a  SureSelectTM RNA Library

qPCRBioanalyzer Arrays: Optional

QC
QC

QC

QC



Presentation Agenda

• Introduction to SureSelect™ target enrichment

• eArray and kit production

• Current SureSelect™ products

• NGS QPCR kits and automation

Agilent SureSelect™ Platform

Enabling  Products for the Next-Generation 

Sequencing WorkflowPage 20



SureSelect™ Target Enrichment Products

• Human X-Exon Demo kit

– 3 Mb

– 5 reactions/kit (G4459A)

• Human All Exon kits (v1&v2)

– V1 38 Mb (CCDS + >1,000 ncRNA)

– V2 38 Mb (v1 + additional RefSeq)

– 5 - 10,000 reactions/kit

• Human All Exon Plus kit

– 38 Mb (CCDS + >1,000 ncRNA)

– Plus add your custom content (up  
to 6.9 Mb)

– Illumina, SOLiD

– 5 - 10,000 reactions/kit

• 50 Mb Human All Exon kit

– 50 Mb GENCODE content

– Illumina, SOLiD

– 5 - 10,000 reactions/kit

– Multiplexable

• Custom Indexing kits

– Capture 0.2, 0.5, 1.5, 3 Mb, 6.9 Mb

– 10 - 5,000 reactions per kit

– eArray web portal interface

– Illumina, SOLID

– Significant cost savings $
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New
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Agilent SureSelect™ Target Enrichment Efficacy:
X Chromosome Kit Sample Coverage Plot
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• UCSC Genome Browser sequence coverage for a portion of the SureSelect Target Enrichment demo kit

• Coverage of the RefSeq exons on the non-pseudoautosomal portion of Chromosome X using 2x tiling

• Sequence coverage is higher for those exons that are covered by more than one overlapping bait

269

0

Key
Log of sequence coverage

Bait coordinates
Target exons
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Efficient Capture of 5 bp Deletion on Chr X:
Menke’s Syndrome
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hg18_ChrX_77131408_77131467_+ : Wild type Bait Design

CTATTGTTTATCAACCTCATCTTATCTCAGTAGAGGAAATGAAAAAGCAGATTGAAGCT

CTATTGTTTATCAACCTCATCTT-----AGTAGAGGAAATGAAAA               

ATTGTTTATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAG

TTGTTTATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAGC

GTTTATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAGCAG

TATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAGCAGATT

ATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAGCAGATTG

ATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAGCAGATTG

ATCAACCTCATCTT-----AGTAGAGGAAATGAAAAAGCAGATTG

CAACCTCATCTT-----AGTAGAGGAAATGAAAAAGCAGATTGAA

CCTCATCTT-----AGTAGAGGAAATGAAAAAGCAGATTGAAGCT

SureSelect™ Target Enrichment Kit Efficiently Captures 5 bp Mutant
Readout on Illumina GA



Exon Capture is a Powerful Tool to Study Mendelian 
Diseases

• Mendelian diseases are caused by coding mutations (with some exceptions)

• Exons are only  ~1-1.4 % of human genome  (30-50Mb)

• Primarily protein coding regions 

Advantages: 

• Much less sequencing

• ~5% of WGS, so up to 20x more samples

Disadvantage: 

• Miss non-coding variants

Why coding+?

• More interpretable 

• Easier to follow up

• Especially adapted to study of Mendelian diseases

• CCDS exons – v1
• CCDS + RefSeq – 38 Mb v2 (Broad)
• GENCODE – 50 Mb (Sanger)
• Includes ncRNA

• All Exons on X chromosomes
• 7674 exons
• 3 Mb
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Applications to Mendelian Disorders
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Human All Exon Kits – Comprehensive Coverage

Original design Exome V2 50 Mb design

CCDS Sept. 2008

CCDS Sept. 2008 
+ additional RefSeq

content including CCDS 
Sept. 2009 exons

GENCODE and Sanger 
(includes CCDS and 

Broad defined v2 content 
as well)

CCDS (Sept. 2009) 93.76% 99.01% 99.86%

CNV (Mar. 2010) 23.98% 27.49% 30.62%

Ensembl (6/16/2010) 65.58% 71.37% 75.24%

miRNA (miRBase 14) 90.00% 90.00% 92.78%

GenBank (6/16/2010) 75.96% 89.07% 90.74%

RefSeq Genes (6/16/2010) 86.69% 93.29% 96.47%

RefSeq Transcripts (6/16/2010) 88.85% 95.07% 97.50%

Total 37Mb 38Mb 50Mb

Developped with Broad Broad Sanger

• Human All Exon kits can be customized (PLUS) with up to 6.9 Mb additional custom content 
• Human All Exon kits can be multiplexed on SOLiD4 and HiSeq2000

Ne
w
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Human All Exon 50Mb – 2x76 bp, 50-60M HQ Reads
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76.32%

85.07%

96.65%

87.93%

77.46%
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% on 
target +/-

100bp

Uniformity 
(3/4 mean 
with upper 

tail):

% bases 
with 1x 

coverage

% bases 
with 10x 
coverage

% bases 
with 20x 
coverage

The most comprehensive Human 
All Exon content available

38 Mb design = a subset of 50 Mb

Sequencing capacity: 
• 0.5-1 sample / lane GAIIx
• 1-3 samples / lane HiSeq
• 5-10 samples /full slide SOLiD4

Chemistry recommended:
• PE 2x76 bp Illumina v4
• PE 50+25 SOLiD

Multiplexing:
• Illumina
• SOLiD
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Comparison of SNP Calls with HapMap

Agilent SureSelect™ Platform

Enabling  Products for the Next-Generation 

Sequencing WorkflowPage 28

99.1% 99.2%
98.4% 98.0%

95.7%
94.9%

70%

75%

80%

85%

90%

95%

100%

Human All Exon v2 Human All Exon 50Mb

GT is REF GT is variant HOM

GT is variant HET

99.8% 99.7%
98.2% 98.1%98.5% 98.3%

99.4% 99.3%

70%

75%

80%

85%

90%

95%

100%

Human All Exon v2 Human All Exon 50Mb

GT is REF GT is variant HOM

GT is variant HET OVERALL

Genotype Concordance vs. HapMapGenotype Sensitivity vs. HapMap



Current 38 Mb Human Exon vs. New 50 Mb Design

Original design 50 Mb design 

CCDS Sept. 2008
(%)

GENCODE and Sanger (includes 
CCDS and Broad defined v2 

content as well) 

CCDS (Sept. 2009) 93.76 99.86

CNV (Mar. 2010) 23.98 30.62

Ensembl (6/16/2010) 65.58 75.24

miRNA (miRBase 14) 90.00 92.78

GenBank (6/16/2010) 75.96 90.74

RefSeq Genes (6/16/2010) 86.69 96.47

RefSeq Transcripts 
(6/16/2010)

88.85 97.50

Total 38 Mb 50 Mb

Developed with  Broad Sanger 

With new content we now more accurately represent CCDS, GenBank, RefSeq 
Genes and RefSeq Transcripts databases



All Exon Plus
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All Exon Library

+

Your Custom Library

Enter Your Custom Regions in eArray

CCDS exons
>1000 ncRNAs

38 Mb

Your regions of 
interest (6.9 Mb)

Is the Human All Exon Kit not hitting all of your regions of 
interest?



Human All Exon Plus Performance
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Human All Exon Plus Performance
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1 tube capture, 1 lane seq. at 2x76 bp on GAIIx = ~2 Gb
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Other Applications of Targeted Re-Sequencing

• Capture any custom genomic regions (introns, exons, UTRs, regulatory, etc.)
• Ideal for biomarkers discovery and profiling (e.g. cancer)
• Ideal for custom SNP follow-up
• Ideal for characterization of large sample cohorts

Key enabling features: 
• High throughput

• 12 Illumina indexes / up to 96 samples per run
• 16 SOLiD barcodes / up to 128 samples per run

• Only pay what you capture, scalable from 0.2 to 6.9 Mb (sweet spot for 3rd Gen Seq)
• <0.2 Mb
• 0.2 – 0.5 Mb
• 0.5 – 1.5 Mb
• 1.5 – 3 Mb
• 3 – 6.9 Mb

• Very reproducible, excellent allelic balance for accurate heterozygote calls
• Custom and catalog content (kinome)
• Automation (library prep and capture)
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• Inherited loss-of-function mutations in the tumor suppressor genes BRCA1, BRCA2, and 
multiple other genes predispose to high risks of breast and/or ovarian cancer.  Cancer-
associated inherited mutations in these genes are collectively quite common, but 
individually rare or even private.

• To determine whether massively parallel, “next-generation” sequencing would enable 
accurate, thorough, and cost-effective identification of inherited mutations for breast and 
ovarian cancer, we developed a genomic assay to capture *with Agilent’s custom 
SureSelect], sequence, and detect all mutations in 21 genes, including BRCA1 and BRCA2, 
with inherited mutations that predispose to breast of ovarian cancer. 

• There were zero false-positive calls of nonsense mutations, frameshift mutations, or 
genomic rearrangements for any gene in any test sample.

• This approach enables widespread genetic testing and personalized risk assessment for 
breast and ovarian cancer.
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Excellent allelic balance

Deletion up to 19bp



Indexing/Barcoding Procedure with SureSelect
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Illumina / 
SOLiD primer

SureSelect 
Pre-Capture 

Primer

Prepared Library 
without Index Tag

2. Pre-Capture PCR

4. Post-Capture PCR

SureSelect 
Universal Primer

Illumina / 
SOLiD        

Index  Primer  
(Up to 12/16)

3. SureSelect 
Hybridization/Capture

Index
Captured 

Library with 
Index Tag

1. Library prep
• For optimum performance:

• Capture 

• Index

• Pool

• Sequence

•Combine multiple samples per 
sequencing lane

•Save on capture costs with 
production scale

• Pay only for the Mb you capture:

• <0.2 Mb  12-16 samples

• 0.2 – 0.5 Mb

• 0.5 – 1.5 Mb

• 1.5 – 3 Mb 3-4 samples

• 3 – 6.9 Mb
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SOLiD Barcoding – Comparison with dbSNP 
16 barcodes of 0.2 Mb Capture in 1 SOLiD Quad, 1x50 bp, 50M reads
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• Comparison of observed 
SNP calls vs. dbSNP 130

• We see 100% concordance 
rate with dbSNP across all 
called SNPs.  

• There are, on average, ~80 
novel SNPs called for each 
sample.

http://www.broadinstitute.org/gsa/wiki/index.php/The_Genome_Analysis_Toolkit 
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SureSelect™ Target Enrichment Kit Configurations
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Product
Target amount      

(catalog number)
Reactions/kit Product Definition

X-demo 3 Mb 5 Exons in the human X-chr

All Exon v1 38 Mb 5-10,000
Catalog content from CCDS + >1000 

ncRNA

All Exon Plus
38 Mb + up to 6.9 Mb of 

custom content
5-10,000

Add custom content to All Exon 
catalog content

All Exon v2 38 Mb + RefSeq 5-10,000
CCDS Sept. 2009 

+ additional RefSeq 

All Exon 50 Mb 50 Mb 5-10,000
GENCODE content – Most 
comprehensive coverage

Multiplexable

Kinome <3 Mb 5-10,000 All kinases

Indexed custom 
content

<0.2 Mb, 
0.2-0.49 Mb, 
0.5-1.49 Mb, 
1.5- 2.9 Mb 
3 – 6.9 Mb

10 – 5,000
Cost-saving custom offering –

Illumina (12 indexes) and SOLiD (16 
barcodes)
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NGS QPCR Kits
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The Agilent QPCR NGS 
Library Quantification kits 
provide an accurate and 
sensitive method for 
quantifying Illumina and 
AB SOLiD NGS libraries 

•All sequencing platforms require accurate quantification NGS libraries to ensure 
high-quality reads and efficient generation of data

•Too much DNA = mixed signals, un-resolvable data, lower number of reads
•Too little DNA = reduced sequencing coverage/read depth, empty runs, increased 
cost/run,& wastes time



Dilute the standard and the 
library to a pM range or lower

Run qPCR of an aliquot of the 
dilutions and determine the Ct 

values

Determine concentration of the 
library dilution based on the 

standard curve and correct for 
the dilution

Quantification of DNA Libraries for Next-Generation 
Sequencing



Illumina Library Prep and SureSelect Enrichment on the Bravo 
Automated Liquid Handling Platform
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Next-Gen Sequencing and SureSelect Overview

Shear 
Genomic DNA

Repair Ends

3’-A Addition

Adapter 
Ligation

PCR 
Enrichment

Prepped 
Library

SureSelect 
Oligo Capture 

Library Library 
Hybridization

Magnetic 

Bead Capture

PCR

QA

Illumina 
Cluster & 
Sequence

Agilent Automation
Bravo Liquid Handler

Automated 
Bead Capture

Automated
Purification

Automated
Purification

Automated
Purification

Automated 
Purification

Automated 
Purification

Automated 
Purification
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Summary: Efficient Enrichment for Re-Sequencing

• Most comprehensive offering of Human All Exon catalog products 

• New 50 Mb catalog content

• All kits multiplexable (HiSeq and SOLiD4)

• Exon Plus has the option to add up to 6.9 Mb of custom content

• Enables Mendelian disease discovery

• Available for SE and PE on Illumina and SOLiD

• Indexing/Barcoding for Illumina and SOLiD

• Scalable and affordable from 0.2 – 6.9 Mb

• Free web portal, eArray, enables fully custom design

• Fastest way to your biological answer 

• Low DNA input

• Accurate SNP calls

• Fast, reproducible and automatable
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Thank You!

http://genomics.agilent.com


