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SureSelect Technology 
Pioneer in NGS Target Enrichment 

• Capture fragments with longest, most efficient 120-mer cRNA baits 

• Probes can be designed to any regions of interest, samples can be multiplexed 

• Easy to implement and compatible with validated automation solution 
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Hybridization 

Capture 

Wash / Elution / Amp 

Library prep 

Hyb set-up 

SureSelect Technology 
Simple Target Enrichment Workflow 

Baits:   

- cRNA probes 

- Long (120bp) 

- Biotin labeled  

- User-defined 
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>50 Mendelian Diseases uncovered by SureSelect 
 
o Miller syndrome – USA - 2009 

o TARP syndrome – USA - 2010 

o Schinzel-Giedion syndrome - 

Netherlands - 2010 

o Fowler Syndrome – Canada - 2010 

o Terminal Osseous Dysplasia – 

Netherlands – 2010 

o Hearing Loss – USA – 2010 

o Perrault Syndrome  – USA – 2010  

o Kaposi sarcoma  – USA – 2010  

o Sensenbrenner Syndrome – 

Netherlands – 2010 

o  Hyperphosphatasia syndrome – 

Germany – 2010 

o  Kabuki syndrome  - USA – 2010  

o Van Den Ende-Gupta syndrome – 

Canada – 2010  

o Neonatal Diabetes Mellitus – France – 2010  

o Autoimmune lymphoproliferative syndrome – 

USA – 2010 

o Familial Amyotrophic lateral sclerosis  – USA – 

2010 

o Non-syndromic  mental retardation – USA – 2010 

o Osteogenesis Imperfecta – 

Germany/Netherlands – 2011 

o  Hajdu-Cheney syndrome – London /France– 

2011 

o Acne Inversa – China – 2011 

o Leucoencephalopathy – Japan – 2011 

o Taybi-Linder syndrome – France – 2011 

o Ochoa  syndrome – Saudi Arabia – 2011 

o Spastic paraparesis - USA – 2011 

o Distal Arthrogryposis – USA – 2011 

o Amelogenesis Imperfecta – UK - 2011 
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The Most Published Target Enrichment Platform 

… and many more to come 

>1000 Publications… 
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Most Databases Covered for Comprehensive Variant Detection-Exons 
(Exome, WES) 

Parameter 

Clinical 

Research 

Exome 

Focused 

Exome 

All Exon 

V6+UTR 
All Exon V6 

All Exon 

V6+COSMIC 

Capture Size 54Mb 12Mb 79Mb 58Mb 64Mb 

CCDS X X X X 

RefSeq X X X X 

GENCODE X X X X 

miRBase X X X X 

TCGA X X X X 

UCSC X X X X 

HGMD, OMIM, ClinVar X X X* X* X* 

COSMIC X 

Amount of Seq. (for 

80% at 20x) 
4Gb <1Gb 6Gb 4Gb 4Gb 

Overall Workflow  
7h-1.5d 

 
4.5 days 7h-1.5d 7h-1.5d 7h-1.5d 

Add Custom Content Yes Yes No Yes No 

Clinical Research Translational Research Cancer Research 
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FLEXIBLE Designs 

COMPLETE Solution 

Best PERFORMANCE  

SureSelect – The Leader in Target Enrichment 
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SureSelect Technology 
Most Complete Enrichment Solution 

All Exon 

Designs 

Custom 

Solutions 

Targeted 

Panels 

Human All 

Exon 

Custom  

DNA 

Automation 

Inherited 

Disease 

Human Kinome 

(DNA/RNA) 

Non Human 

Exomes 

Custom 

RNA 

SureSelect XT 

Illumina 

SureSelect Ion 

Torrent PGM 

SureSelect XT2 

Illumina 

Post-capture Pre-capture 

SureSelect QXT 

Illumina 

Clinical Research 

Exome 

SureSelect 

Strand Specific 

RNA 

Illumina 

Human 

Methyl-Seq 
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Sureselect Library Preparation kits 

CONSTITUTIONAL 

CANCER 

TARGET ENRICHMENT WGS 

SureSelectXT  SureSelectXT Fast SureSelectXT2 SureSelectQXT  SureSelectQXT  

Library 

Prep 

Features 

• 3ug or 200ng 

• Best 

complexity 

• 200ng input 

• High complexity 

• Tested with FFPE 

• 11hr sample to 

sequencing 

workflow 

• 1ug or 100ng 

input 

• Streamlined: 

Precap Pooling 

+ MM Reagents 

• 50ng input 

• Single day 

sample to 

sequencing 

• Streamlined: 

transposase-

based 

• 50ng input 

• Single day 

sample to 

sequencing 

• Streamlined: 

transposase-

based 

Key 

Benefit 

• Complexity for 

rare allele 

detection 

• Compatibility 

with low input 

• Complexity for rare 

allele detection 

• Low input 

• Cost effective • Low input 

• One day 

workflow 

• Low input 

• One day 

workflow 
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SureSelect 

FFPE Samples 
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FFPE Samples Using SureSelect 

FFPE Challenges 

• DNA quality issues (age, storage, fixation process) 

• Sample degradation can impact sequencing quality 

(sensitivity, quality, allelic balance, etc) 
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Questions 

• Can FFPE-derived material be 

used for targeted sequencing? 

• Is there any bias introduced by 

using FFPE vs fresh-frozen 

samples? 

• How does target-enriched 

sequencing data derived from 

FFPE samples compare to 

microarray data? 

 Method 

•  50Mb All Exon capture library and 3.9Mb custom capture 

• 2 x 36bp single-end sequencing on Illumina GAIIx  

FFPE Samples Using SureSelect 
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FFPE Samples Using SureSelect 

Results 
• Similar % reads on target (75.5% frozen; 74.7% FFPE) 

• Comparable GC-dependent coverage profile 

• High NGS SNP concordance to microarray 

• 98% concordance in SNP detection across varying input 

• At 20X depth, <0.05% discordant SNPs between 2 foci for 

all patients 
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FFPE Samples Using SureSelect 

Breakthrough in Brest Cancer Research 

• Demonstration of FFPE samples from ICR 
with 50ng of input using SureSelect Human 
All Exon and modified protocol 

 

Major conclusions 

• The 50ng method had comparable to 3μg for 
sequencing/enrichment metrics and variant 
calling 

• The 50ng FFPE-based method was also 
comparable to 3μg protocol 
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SureSelect 
Custom DNA 
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The Best Performance and Flexibility 

Custom content from <200Kb up to 24Mb+ 
Capture only what 

you want 

>1,000 samples/run with 96 indexes! 
Higher sample 

throughput per run 

 Minimize enrichment and sequencing costs Cost effective 

Faster time from 
sample to results 

Greater sample throughput, easier data analysis 
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SureSelect – Proven High Sensitivity 
Capture SNPs and Indels, while maintaining allelic balance 

Large deletions and 

duplications 

25bp deletion 

7bp deletion 

10bp deletion 

11bp deletion 

For Research Use Only. 
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• Inherited mutations in the tumor suppressor genes BRCA1, BRCA2, and multiple 

other genes predispose to high risks of breast and/or ovarian cancer.   

• Developed an Custom Panel to detect all mutations in 21 genes that predispose 

to breast of ovarian cancer, including BRCA1 and BRCA2 

• There were zero false-positive calls. 
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Excellent allelic balance 

Deletion up to 19bp 
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• CNVs can be measured 

by comparing read depth 

to a reference 

• Ability to measure both 

deletions and 

duplications 

• Variants range from 

100s bp – +100kb 
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All 54 known 

deafness genes 

The Power of Custom Panels 

21 breast and ovarian 

cancer genes 

Detects fusions for 90 

human tyrosine 

kinases 
Exons – Chrom 7 

437 Genes related to 

Mendelian Disorders 

3.19Mb            

Custom Design 
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Easily Create Your Custom Design 

SureDesign 
Free Web Portal 

Design Services 
For Complex 

Designs 

Your Custom 

SureSelect Kit 
A bait library to capture 

your regions of interest 

Genomic 

Coordinates 
Regions you want 

to capture 

NEW! 
Streamlined 

Design Software 
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Custom Design Service 
Link 

7/19/2016 

Agilent Confidential 

24 



The Power of Custom Panels 
For any species! 
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SureSelect 
Human Methyl-
Seq 
for Illumina Sequencing 
 

Agilent Gene Regulation 

Solutions 
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CpG Dinucleotides & Their Genomic Locations 

 

Promoters  

• 75% of transcriptional start sites 

have CpG-rich regions 

• 88% of active promoters are 

associated with CpG-rich sequences 

 

CpG islands 

• High frequency of CpG dinucleotides 

  > 500bp & GC content > 55% & 

observed/expected CpG ratio > 0.65 

• In or near about 40% of promoters of 

mammalian genes 
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Differentially Methylated Regions (DMR) 

• CpG islands (e.g. 4~8 % tissue-
specific differentially 
methylated regions or T-DMR) 

 

• CpG island shores (~2kb away 
from islands, e.g. 76% of T-
DMRs in shores) 

 

• CpG island shelves (~4kb away 
from islands) 

 

Irizarry RA et al. Nature Genetics 2009 

HS3ST4 : heparan sulfate D-glucosaminyl 3-O- sulfotransferase 4 
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Target Known Methyl Regions 

9-18x more efficient with greater depth per region 

Less than 3% of the genome is reported to 

vary it’s methylation state 
• Focus your research with SureSelect Methyl-Seq 

Whole Genome 

Bisulfite Sequencing 

SureSelect Human 

Methyl-Seq 

3-6 lanes for one sample 

90-180Gb per sample 

3 samples per lane 

10Gb per sample 

For Research Use Only. 
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SureSelectXT Human Methyl-Seq 
The First Comprehensive Methylation Discovery System 

DESIGN CONTENT - 84 Mb Design, 3.7M  

CpGs 

• CpG islands 

• Cancer, Tissue-specific DMRs 

• GENCODe promoters 

• DMRs or regulatory features in:   

CpG Islands, shores and shelves ±4kb 

DNAseI hypersensitive sites 

Refseq Genes 

Ensembl Regulatory Features 

Discovery Tool 
• Probes independent of 

Methylation state 

• Determine methylation state of all 

methyl sites in region 

 

Comprehensive Design 
• CpG Islands 

• Promoter regions 

• DMRs (Differentially Methylated 

Regions) 
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SureSelect Methyl-Seq Protocol 

DNA 

Shearing, End 

Repair & ‘A’ 

addition 

mAdapter 

ligation 

SureSelect 

Hyb (24hr) 

Bisulfite 

treatment 

Library Quant 

and PCR 
Sequence) 

Bisulfite treatment is 

performed after 

hybridization to maximize 

sample complexity 

No PCR before 

Bisulfite treatment to 

preserve the 

Methylation state 
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SureSelect vs. Whole-Genome Bisulfite Sequencing 
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SureSelect Methyl-Seq 

Whole-genome sequencing 

10Gb input (raw) 

4Gb (filtered)  

180Gb input (raw) 

91 Gb (filtered) 
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Good Concordance between WGBS & SureSelect 

Methyl-Seq 

R = 0.927 

Excellent concordance with whole 

genome bisulfite sequencing data.  
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Excellent Reproducibility 

Excellent reproducibility for IMR90 

Replicate 1 vs. 2 
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Capture performance 
 

Percentage reads in targeted regions: 82.0% 

Percentage reads in regions +/- 100bp: 93.6% 

    

Percent of genome targeted: 2.7% 

Enrichment in targeted regions: 30.07 

Uniformity (3/4 mean with upper tail): 91.4% 

    

Number of bases in targeted regions: 84,367,621 

Percentage of targeted bases covered by...   

...at least   1 read: 98.7% 

...at least  10 reads: 91.4% 

...at least  20 reads: 78.9% 

Input 10Gb Raw sequence 
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Tissue Specific DMRs 

0% 

100% 

Breast Brain Colon Liver Muscle 

372 Methylated regions in Breast 

2820 Methylated regions in Brain 

829 Methylated regions in Colon 

3115 Methylated regions in Liver 

794 Methylated regions in Muscle 
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MeDip-Seq & Reduced Representation BiSulfite 
Sequencing (RRBS) 

• Cannot target specific regions (i.e. DMRs in Shelf and Shore regions) 

• Biased towards methylated regions, Repeat sequences & CpG-rich sequences 

• Can miss under-methylated regions 

• Difficult to design since knowledge of methylation state for the target region is 

needed 

Limitations 
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More Coverage of CpGs Compared to Infinium 450K 
Array 

SureSelect Human Methyl-Seq 

Infinium 450K 

480,000 CpGs 

3,700,000 CpGs 
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Microarray-Based Method: Infinium 450K Array 

• Improves costs and throughput over whole-genome bisulfite 

• Does not report individual methylation status 

• Not whole-genome 

• Does not cover ‘shores and shelves’ known to be important in DMR 

• What are you missing? 
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Methylation RNA DNA 

• DNA: Genetic variation 

• RNA: Gene Expression  

• Methylation: Effects on Gene Expression 

SureSelect – “Omics” Solution 
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HaloPlexHS 
Get to Know Your DNA. Every Single Fragment. 

For Research Use Only. Not or Use 
in Diagnostic Purposes.   



What are low allele frequency variants implicated in? 
 
• Clonal evolution and pathogenesis 
• Tumor subclonal heterogeneity  
• Immunological diversity     

What are low allele frequency variants? 
 
• Variants present at a frequency below 3% 

Low allele frequency variants 

Adapted from Stead et al (2013) Human Mutation 34: 1432-1438 
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• Low allele frequency variants are 
difficult to detect by conventional NGS 
methods  

 
• Relatively high error rate of sequencers 

(1 wrong base call in    100-1000 sequenced 
bases) 

  
 
 
  

Kennedy et al (2014) Nature Protocols 9: 2586 - 2606 

Requires molecular barcodes for increased sensitivity and accuracy 

Low allele frequency variants 
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How HaloPlexHS works 
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Molecular Barcodes 

Molecular barcodes are degenerate oligonucleotide 

sequences (10-16bp) attached to individual DNA molecules 

Allow for accounting of sequencer and PCR errors in high 

coverage NGS data 

Courtesy of Dr. Eric Duncavage (AGBT 2015) 
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The need for sensitivity and accuracy 
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SureSelect RNA-
Seq 
 

Agilent Gene Regulation 

Solutions 
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SureSelect RNA-
Seq 
 

Agilent Gene Regulation 

Solutions 
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Summary 
 

• Best performing  sureselect Exomes with option to add UTR  and 
additional content 

• Fastest  workflow 
• Performs well  with low amounts of starting  DNA for both Fresh 

frozen and FFPE samples 
• Easy to customize 
• Sureselect target enrichment for any species 
• Halo-HS power of molecular barcodes enables to identify rare 

mutation with  <1%  frequency 
• Sureselect Metyl seq is an ideal tool for genome wide methylation 

analysis and customizable. 
• Pooled Sure guide libraries for Human and Mouse 
• Best quality Custom Oligo Library to fit your need  



Thank You! 
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