
CONCLUSIONS
A) Barcoded SOLiD™ System libraries can be pooled prior to exome enrichment with the Agilent 

SureSelect Human All Exon 50Mb Kit; 4-plex and 8-plex simultaneous capture is possible.
B) Multiplex capture yields reproducible results.  Good barcode balance is observed and SOLiD™

System barcodes 1-8 do not bias performance.
C) The 5500 Series SOLiD™ System yields the largest amount of high-quality data observed for 

single exome sequencing.  Sequencing 2 exomes per 5500 flow-cell lane can yield >30X 
average coverage for the SureSelect 38 Mb exome.  This is a throughput of ~24 exomes per 
5500xl run.

D) Multiplexing exome capture leads to gains in throughput that are balanced against depth of 
coverage.   A full slide of SOLiD™ 4 System sequencing will yield an average depth of coverage 
of ~30X for 8-plex and >50X for 4-plex for the SureSelect 50Mb exome.
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Table 2.  4-plex mapping and enrichment stats (SureSelect 50 Mb exome)

Table 7.  SOLiD™ 4 and 5500xl System enrichment on a single exome (SureSelect 38 Mb)

ABSTRACT
The identification of genetic variation associated with human disease requires the development 
of a robust and cost-effective approach for systematic resequencing of candidate regions in the 
human genome. Even though the cost of sequencing a human genome continues to drop, the 
demand for increased sample throughput continues to increase. Higher sample throughput is 
considered necessary to enable larger patient cohort studies which hold the key to identifying 
rare disease-related alleles. Thus, scalable and automatable workflows for target enrichment 
and sequencing are needed to facilitate cancer and other genetic disease research. Described 
here is a targeted resequencing workflow that employs pooled barcoded fragment libraries, 
multiplexed exome enrichment, and multiplexed sequencing on the Applied Biosystems™
SOLiD™ System.  To validate the performance of this multiplexed workflow, barcoded fragment 
libraries were made from HuRef gDNA using the new 5500 SOLiD™ fragment library protocol. 
Resulting libraries were then pooled in multiples of 4 for exome capture with the Agilent 
SureSelect™ Human All Exon 50 Mb Kit. The 4-plex data obtained from 2 quads of SOLiD™ 4 
fragment sequencing yielded an average depth of coverage over the targets of 23.1X.  The 8-
plex data from a full slide yielded average depth of 29.6X.  Overall, good barcode balance, 
similar mapping efficiencies and similar SNP/indel calls were observed for 4-plex and 8-plex 
exome capture samples. The percentage of on target reads varied from 71.2% to 74.0% which is 
comparable to numbers reported by others. For the 8-plex samples, the concordance of SNP 
calls (average of 31,474 SNPs) to dbSNP was 98.7% (sd=0.1%) for homozygous and 90.3% 
(sd=0.3%) for heterozygous variants and the concordance of small indels (average of 1560 
indels) was 55.9% (sd=0.9%).  Of particular note, sequencing a single (38 Mb) exome on a 
single lane of a 5500xl SOLiD™ System flow-cell yielded an average coverage of 66.9X (76.9% 
of target bases covered at >= 20X depth) with only 5.1% of target bases left uncovered. The 
combination of multiplexed exome enrichment and multiplexed on the SOLiD™ System provides 
an efficient and economical solution for the high-throughput detection of genetic variation in 
multiple human genomes.

INTRODUCTION
Next-generation sequencing technology has brought high throughput sample processing to genome 
sequencing, but an accompanying solution for high throughput target enrichment is still lacking.  Target 
enrichment is a term used to describe the ability to selectively enrich and sequence specific regions of a 
genome. The method employed by the Agilent SureSelect Human All Exon 50 Mb Kit extracts target regions 
from genomic libraries by hybridization to in-solution biotinylated cRNA probes, or “baits.” Post-enrichment 
material is amplified and used directly for downstream steps, including emulsion PCR (ePCR) and 
sequencing on the SOLiD™ System (Figure 1). The inherent scalability and flexibility for automation of the 
SureSelect in-solution enrichment system coupled with the ultra-high throughput of the SOLiD™ sequencing 
platform provides an integrated approach to targeted resequencing. The new Agilent SureSelect Human All 
Exon 50Mb Kit builds upon previous exon products with additional validated novel content developed by the 
Wellcome Trust Sanger Institute. The new design encompasses coding exons annotated by the GENCODE 
project and also includes all exons annotated in the consensus CDS (CCDS – March 2009) databa. In 
addition, the content contains small non-coding RNAs from miRBase (v.13) and Rfam

MATERIALS AND METHODS
HuRef genomic DNA, purchased from the Coriell Institute for Medical Research, was fragmented to a mean 
length of ~200 bp with a Covaris® S2 System, then 3 μg amounts were used for library construction using a 
new protocol that included the use of 5500 SOLiD™ System compatible barcoded adaptors.  After nick-
translation, libraries were PCR amplified for 6 cycles, quantified and pooled in 4-plex (BC1-BC4) or 8-plex 
(BC1-BC8) using 125 ng of each library- based on Bioanalyzer estimates of average size and qPCR 
determinations of concentration of amplifiable molecules.  The pooled 500 ng (for 4-plex) or 1 μg (for 8-plex) 
of library DNA was mixed with adaptor blockers, dried-down, and handled as described in the Agilent 
protocol, using 1X capture probes for 4-plex and 2X probes for 8-plex.  After hybridization, capture, elution, 
and clean-up, the enriched libraries were amplified by 10 more cycles of PCR.  Standard steps were taken 
thereafter to create enriched, templated beads for SOLiD System sequencing.  The beads were sequenced 
as 50-color fragment tags (F3) and the data was progressively mapped in color-space and target enrichment 
and variant calling statistics were generated with the Targeted Resequencing pipeline in SOLiD™
BioScope™ 1.3 software. 
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Very similar enrichment statistics were obtained from a full slide (half a run) of SOLiD™ 4 System sequencing on the 
8-plex simultaneous exome enrichment sample as compared to those obtained from 2 quads (~40% of a slide) of 
sequencing on a 4-plex reaction (compare to Table 2).  There may have been a minor degree of complexity loss upon 
scaling to 8-plex based on a slightly lower “on-target” rate and a larger percentage of “target bases not covered”.  
Nonetheless, both samples have nearly identical numbers of bases (~44.4%) that are covered at 20X depth or 
greater.

Table 5.  8-plex mapping and enrichment stats (SureSelect 50 Mb exome) 

Table 8.  SOLiD™ 4 and 5500xl System variant calls on a single exome (SureSelect 38 Mb)

Table 3.  4-plex variant calls and dbSNP132 concordance (SureSelect 50 Mb exome)

Table 1. 4-plex library   
pooling prior to dry-down

Different quantitative methods yield differing 
estimates of library yield.  Best balance has 
been achieved by using the average library 
molecule size from Bioanalyzer* traces and 
SOLiD™ Library Taqman® Quantitative Kit 
qPCR** measurements (see Fig. 5 legend).

Figure 2. Exome-enriched 
4-plex library

Bioanalyzer traces of library molecules after 
post-capture amplification confirm that an 
appropriate distribution is recovered.

An exome enrichment workflow that permits pre-capture pooling of barcoded libraries and incorporates many of 
the most recent SOLiD™ System innovations has been developed.  A working protocol has been established and 
may be available upon request.

RESULTS
Figure 1.  Workflow for Multiplex exome capture with SOLiD™ System sequencing  

Figure 3. 4-plex barcode 
representation

Good balance between 
barcodes is observed upon 
sequence analysis.

Figure 4. Pre-pooled 8-plex 
barcoded libraries

Figure 5. Exome-enriched 
8-plex library

Table 4. 8-plex library 
pooling prior to dry-down

The protocol yields libraries of consistent size and concentration.  
Average library molecule size based on Bioanalyzer* traces and molar 
concentration by qPCR are used to determine the “qPCR ng/uL”**; this 
value is used to apportion 125 ng of each library into the pool.

Bioanalyzer traces of library molecules 
after post-capture amplification confirm 
that an appropriate distribution is 
recovered.

Figure 7.  Landscape of exome target base coverage for all data shown 

The increased throughput of the 5500 Series SOLiD™ Sequencers permits more exome data to be obtained per run.  As 
an example, one lane of 5500xl sequencing (there are 6 lanes per flow-cell) yields an average coverage (>66X for a 38Mb 
version of the exome) that is approximately twice that of a quad of SOLiD™ 4 sequencing.  This added depth permits more 
SNPs (~4,000) and indels (~800) to be called as well.

AB Library 
Builder™

Soon to be 
added

A 3-dimensional surface has been plotted for the percent of 
target bases covered and the depth of coverage for each 
of the exome datasets described.  This limited study 
suggests that there is a trade-off between the degree of 
pre-capture SureSelect exome multiplexing that can be 
done and the depth of target coverage that will result.  This 
suggests that the enrichment protocol can be further 
optimized.  The direct comparison of SOLiD 4 sequencing 
and 5500xl sequencing suggests that the higher 
throughput provided by the new instrument can 
significantly compensate for this.  Multiplexed exome 
sequencing on 5500 Systems holds great promise.  

Again, the variant calls of from this 8-plex exome capture compare well to the 
4-plex capture overall (see Table 3), particularly in degree of concordance with 
dbSNP and number of indels called (96.3% as many); however, there are 
somewhat fewer total SNPs called (81.5% as many homozygous SNPS and 
88.5% as many heterozygous SNPs).  Taken along with the differences in 
enrichment statistics, this suggests, not surprisingly, that there is a trade-off 
made between the degree of multiplexing one can do and the degree to which 
one confidently identify variants with exome enrichment.  

Table 6.  8-plex variant calls and dbSNP132 concordance Figure 6.  8-plex barcode 
representation

Excellent balance between 
barcodes is observed upon 
sequence analysis.  There is 
very little evidence that 
representation is influenced 
by the barcodes.  
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