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Cancer is reshaping our families, our communities, and our world. It is among the leading causes 
of death globally, and cancer rates are only increasing for nearly every age group and indication. 
Despite its prevalence, there is so much left to reveal.

Now, a new era of cancer investigation is dawning, and powerful whole exome sequencing, which 
was once prohibitively expensive, is empowering oncology researchers to reveal and understand 
underlying biology while discovering and exploring novel singatures. 

Yesterday’s limitations are tomorrow’s opportunities. Contribute to knowledgebases, find signatures, 
and reveal elusive new cancer mutations with whole exome sequencing tools by IDT. With the most 
complete coverage, established quality metrics and broad range of customizable solutions, IDT’s 
whole exome sequencing solutions offer greater confidence for cancer researchers.

INTRODUCTION
AN OVERVIEW OF WHOLE EXOME 
SEQUENCING FOR CANCER RESEARCH

THERE IS SO MUCH LEFT TO REVEAL. 
WE’LL HELP.
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OVERVIEW
What causes cancer?

Scientists believe that cancer is most often caused by a combination of many factors which may be genetic, 
environmental, or constitutional characteristics of an individual [1]. For example, if you have a family history 
of skin cancer, and spend large amounts of time exposed to radiation from the sun, your odds of developing 
skin cancer will be much greater than individuals spending the same amount of time under the sun who do 
not have a family history of skin cancer.

Since over 90% of cancers are observed to have some type of genetic alteration, cancer is largely regarded 
as a disease of the genome [1,2]. Scientists often classify these changes, or mutations, as either somatic 
or germline. Somatic mutations are acquired from the environment and cannot be passed on to offspring. 
Germline mutations are inherited [3]. 

Cancer researchers study many types of alterations in the genome including Single Nucleotide Variants 
(SNVs), Copy Number Variation (CNVs), Insertions and Deletions (INDELS), and Fusions. An SNV is when a 
single nucleotide (e.g., C, A, T, G) changes from one base to another. CNVs occur when there is an abnormal 
number of copies of one or more sections of DNA. INDELs are when there is an insertion or deletion of 
a contiguous sequence of nucleotides. Fusions are formed when there is a joining of two separate genes 
through translocations, deletions, or inversions [4].

Together, these types of genomic alterations can have an impact on three types of known cancer genes. 
Oncogenes regulate the normal growth of cells. Tumor suppressor genes recognize and interrupt abnormal 
growth and reproduction of damaged cells. Finally, mismatch-repair genes repair errors in the DNA when it 
is copied in the process of cell division [1]. Genetic or genomic alterations of these types of genes are often 
implicated in the development of cancer.

Advances in cancer research

The last decade has seen rapid advances in cancer research which has been driven by significant progress 
in molecular biology. The global widespread adoption of Next Generation Sequencing (NGS) and the 
associated cost reduction in sequencing reagents and consumables has played an integral role in expanding 
and deepening our collective knowledge of the underlying biology of cancer. This has led to greater 
understanding and progress towards the diagnosis, prognosis, prevention, and treatment of the disease.

An example of this is in the research and development of companion diagnostics, which are molecular tests 
that guide clinicians to determine the best treatment for a patient’s unique cancer [5]. These treatments are 
called targeted therapies. Today, there are dozens of targeted therapies that have corresponding companion 
diagnostics [6].

More recently, there have been key developments around using a patient’s own immune system to help them 
fight cancer. These treatments are called immunotherapies and are showing great promise with an overall 
response rate between 15-20% [7]. While not all patients will respond to immunotherapy, the duration of 
response for those that do is often higher than other types of treatments including chemotherapy [8].

Tumor mutation burden (TMB) and microsatellite instability (MSI) are emerging biomarkers to determine 
which patients may be the best candidates for immunotherapy [9]. 

TMB is a measure of the number of mutations of DNA per 1 million bases. For example, to receive the 
immunotherapy pembrolizumab (Keytruda®), a patient must have at least 10 mutations per million base 
pairs of tumor DNA as this cutoff point has been observed to identify patients who are more likely to have 
a higher response [10].

MSI is a biomarker that indicates deficient mismatch repair (dMMR). This can result in abnormally high 
frequency of genetic mutations. MSI-status correlates with higher neoantigen expression which in turn helps 
the immune system recognize tumors [13]. High MSI levels have been detected in more than 20 types of 
solid tumors [14], and in colorectal cancer alone, about 15% of cases harbor widespread alterations in the 
length of microsatellite sequences which makes further research in this area a high priority for the oncology 
research community [13]. Recently developed immunotherapies, such as pembrolizumab (Keytruda®), are 
indicated for patients with MSI-high status across all solid tumor types when previous therapies have failed 
[15].

Whole exome sequencing (WES) is often seen as the “gold standard” for assessing TMB and is often 
used as a baseline for determining whether an orthogonal approach (e.g., smaller gene panels targeting a 
smaller portion of the genome) is suitable for assessing TMB [11]. While there have been many studies to 
demonstrate this, smaller gene panels can miss additional underlying biology (e.g., SNVs, CNVs, INDELS, 
Fusions, TMB, and MSI status mentioned previously) which may be contributing to disease progression. As 
a result, WES can be regarded as a “one stop shop” for laboratories seeking to glean the maximum amount 
of biological information in a single run without extra cost associated with running multiple research assays 
which also require the expenditure of additional specimens. 
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Cancer sequencing methods

There are several approaches to using this technology for cancer research:

WHOLE GENOME SEQUENCING (WGS) provides a comprehensive genomic scan of the entire genome 
of an individual which is around 3 billion bases [25]. WGS requires more expensive, higher throughput 
sequencers to run and maintain.

WHOLE EXOME SEQUENCING provides insight into the protein-coding regions of the genome, which is 
made up of approximately 34 million bases. 85% of disease-causing variants are found within the exome, 
therefore, WES may provide researchers with the best cost vs. benefit in terms of the amount of new 
biological insight from a single sample. WES can be run on mid-throughput sequencers. 

TARGETED SEQUENCING panels typically focus on genes that have been widely studied. One such 
method is comprehensive genomic profiling (CGP) which can be used to assess a wide range of clinically 
relevant biomarkers, genomic variants and signatures such as indels, CNVs, SNVs, fusion, TMB, & MSI. While 
more cost effective than WES or WGS, and allowing for more samples to be run simultaneously, targeted 
sequencing panels can often miss new genomic alterations implicated in cancer due to their limited scope. 
Targeted sequencing panels are typically run on low to mid-throughput sequencing platforms.
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Why whole exome sequencing (WES)? 

The ability to generate large amounts of sequencing data in a relatively short amount of time enables a wide 
range of genetic analysis applications and accelerates advances in clinical and applied market research. 
Exome sequencing is a targeted next generation sequencing approach that focuses on the protein-coding 
regions of the human genome. It is primarily performed using hybridization capture, a technique that uses 
5’ biotin-modified oligonucleotide probes to “capture” the region of interest for sequencing. 

Focusing on protein-coding exons can lower the cost and time of sequencing, as exons make up approximately 
2% of the genome. In contrast to their small size contribution to the genome, exons contain 85% of the 
variants that are associated with disease [23]. 

Why use IDT whole exome sequencing panels? 

The IDT xGen™ Exome Research Panel v2* is comprised of hybridization capture probes that are designed 
for targeted NGS for the human genome. This panel was generated by manufacturing probes in a single, 
large synthesis event. We designed this updated panel using our new target-aware algorithms, resulting 
in a more complete and even coverage over previous versions. We assessed each probe with proprietary 
off-target analysis and manufactured them under strict ISO 13485 standards. We performed electrospray 
ionization mass spectrometry (ESI-MS) and dual quantification on each of the 415,115 probes before pooling 
to ensure that only high-fidelity probes are included at equimolar concentrations. Finally, individual probe 
synthesis means we can deliver probes on a much larger scale than array synthesis methods and produce 
single lot that can be aliquoted from.

xGen Exome Research Panel v2 targets 99.5% of the RefSeq reference database*

RefSeq109

xGen Exome
Research Panel v2

198,564 158974

*RefSeq data as of January 2020

IDT’s complete library prep workflow solution  

Library PrepDNA Extraction Sequencing Analysis

Exome Research Panel v2

Custom content

AdaptersLibrary Prep Kits Hybrid Wash Kits Blocking Oligos
Whole Exome 

Sequencing Additional Content

• xGen UDI-UMI Adapters

• xGen Stubby Adapter 
 and UDI Primers

• Custom NGS Adapters

• 2S Turbo v2 DNA 
 Library Kits

• xGen Prism DNA 
 Library Prep Kit

• Buffers

• Cot DNA

• Streptavidin beads

• xGen Universal 
 Blocking Oligos

• xGen Standard Oligos

• xGen Exome Research 
 Panel v2

• Custom Options Available

• xGen Myeloid Leukemia 
 Cancer Panel

• xGen Pan-Cancer Panel

• xGen CNV Backbone Panel

• xGen Covid Capture Panel

• xGen Inherited Diseases Panel

• xGen Human ID Research Panel

• xGen Human mtDNA 
 Research Panel

Whole exome sequencing workflow: ~10 Hrs. 

The xGen Prism DNA Library Prep Kit’s workflow 
features a proprietary single-stranded ligation 
strategy and mutant ligase that maximizes 
conversion and virtually eliminates adapter-dimer 
and chimera formation. Since dimer formation 
is negligible, a fixed concentration of adapter 
can be used, and aggressive size selection 
is no longer required for post-ligation clean-
up. Sequencing libraries are used as starting 
material to perform hybridization capture using 
the xGen Hybridization and Wash Kit, xGen 
Blocking Oligos, and xGen Lockdown™ Probe 
Pools, or NGS Discovery Pools for a completely 
customizable, high-quality target enrichment 
solution. 

i5P5 i7 P7UMI UMI

3’ blocking group
UMI

UMI

Streptavidin bead

Blocking Oligo
xGen Lockdown Probe

End repair

Ligation 1

Ligation 2

PCR amplification

Exome capture

Fragmented input DNA

Incubation

https://www.idtdna.com/pages/products/next-generation-sequencing/targeted-sequencing/hybridization-capture/predesigned-panels/xgen-exome-research-panel-v2
https://www.idtdna.com/pages/products/next-generation-sequencing/library-preparation/xgen-prism-library-prep-kit
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Custom IDT xGen Exome Research Panel v2

As new characterized genes are identified every year, cancer researchers are seemingly chasing a 
moving target. With IDT’s custom xGen Exome Research Panels, you can stay one step ahead. Our 
custom exome solutions are ideal for researchers who seek consistent and uniform coverage from 
their exome panel while having the flexibility to add additional content as needed.

ADDITIONAL CONTENT ENHANCED CONTENT

xGEN EXOME RESEARCH PANEL v2 The flexibility afforded by individual synthesis 
gives you the ability to order specific xGen 
Lockdown Probes to supplement existing 
xGen Exome Research Panels (v1 & v2). 
These supplemental probes can be used to 
rescue regions that are poorly captured by 
existing panels, such as first exons and GC-
rich regions. xGen Lockdown Probes can 
also be used to extend the target range of 
our xGen Exome Research Panels, allowing 
the panel to be used for a variety of 
sequencing applications.

Key benefits:

• More complete coverage
• Infinite possibilities for customization
• Time, scalability, and cost savings
• All probes are produced under ISO 13485 

manufacturing standards for IDT’s xGen 
Exome Research Panel v2

Enabling somatic CNV detection with IDTs customization options

Accurate detection of somatic copy number variation (CNV) can be challenging due to variable tumor 
purity, heterogeneity, and ploidy. NGS offers a lower cost, higher throughput, higher sensitivity [24] 
option to address these challenges, and can be used to detect rearrangements and CNVs, including 
duplications, deletions, loss of heterozygosity (LOH), and translocations. Here we describe a SNP 
backbone panel (xGen Lockdown Probes — CNV panel) that can be used in combination with IDTs 
Exome Research Panel v1 & v2 to provide enhanced CNV detection (Figures 1 & 2). 

• Adding the CNV backbone panel of xGen Lockdown Probes as a spike-in to IDTs Exome Research 
Panel enables detection of somatic CNVs with higher resolution and accuracy in a single assay

• Analysis of coverage and B-allele frequency from the CNV targets can be used to identify loss of 
heterozygosity and copy number gains
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Figure 1. Employing CNV panel increases LOH breakpoint resolution. Libraries were prepared with NCI-HCC1395BL 
(WT) and NCI-HCC1395 (tumor) using 25 ng input and captured with either the xGen Exome Research Panel alone or 
with the CNV core plus panel spiked-in and subsampled to 50 million reads. Additional information from intergenic SNPs 
targeted by the CNV panel improves the resolution of a deletion in PTEN from a ~323 kb region to an ~80 kb region of 
chromosome 10.
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Figure 2. Inclusion of CNV panel improves copy number determination. BAF resolves 5X copies of MET on  
chromosome 7.
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Background

In recent years, next generation sequencing has enabled the discovery and 
characterization of gene-specific mutations which has allowed researchers to better 
define the taxonomy of cancer types and subtypes [16]. Whole exome sequencing 
(WES) has provided cancer researchers a wider investigation of cancer biology leading 
to a richer dataset of novel biomarkers. It is from the re-analysis and investigation 
of these expanded knowledgebases that researchers continue to find rare genetic 
variants and signatures [17]. The data generated from WES has the potential to 
uncover clinically relevant genes that were previously missed from smaller targeted 
panels. This study evaluates the genetic content covered by both WES and targeted 
panels, to determine the most appropriate method for pan-cancer pharmacogenetics 
research. 

Knowledgebases

Tilleman and colleagues created a custom meta-knowledgebase from five already 
existing knowledgebases as a truth-o-meter to catalog, cross-reference, and under-
stand to what extent the currently known cancer pharmacogenetic variant-drug 
interactions are identified by either the latest targeted sequencing panels, or the 
whole exome panel (WES). Both of these panel types were also compared with driver 
mutations and fusion genes in The Cancer Genome Atlas.

Bioanalytical study

This study filtered the knowledgebases to narrow its comparative spotlight to nine 
recently developed (or updated) cancer-specific targeted sequencing panels from 
market leaders, and a highly representative WES panel, the xGen Exome Research 
Panel v2 from IDT. The xGen Exome Research Panel v2 provides researchers better 
coverage of known fusion genes (62.9%) with all other panels targeting less than 1% 
of  fusion genes represented in the Pan-Cancer Atlas (Figure 3). 

PUTTING THEORY INTO PRACTICE — WHOLE 
EXOME SEQUENCING PANELS VS. TARGETED 
GENE PANELS: A PERFORMANCE AND VALUE 
ANALYSIS

DISCUSSION Details of the research panels considered in this study 

xGen Exome Research Panel v2 (WES) 
Spans a 34 Mb target region of the human 
genome, containing 19,433 genes

xGen Pan-Cancer Panel v2.4 
A hybridization-based targeted sequencing  
panel that contains 532 genes

Illumina TrueSight® Oncology 500 Panel 
Contains 523 genes, covering most variants 
in the National Comprehensive Cancer 
Network

Qiagen QIAseq® Targeted Human 
Comprehensive Cancer Panel 
Contains 275 genes covering the most 
commonly occurring mutations in cancers

Roche AVENIO ctDNA Targeted Kit 
Contains 17 genes optimized for lung cancer 
and colorectal cancer targeted treatments

Roche AVENIO ctDNA Expanded Kit 
Contains an extended number of 77 genes  
to include a broader spectrum of therapies

Roche AVENIO ctDNA Surveillance Kit 
Contains 197 genes optimized for 
longitudinal tumor burden monitoring in lung 
cancer and colorectal cancer

Life Technologies Ion AmpliSeq™ 
Comprehensive Cancer Panel 
PCR-based targeted sequencing panel  
containing 409 genes
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Pan-Cancer Atlas driver mutations

Pan-Cancer Atlas fusion

Pharmacogenetic variants in the meta-knowledgebase
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Figure 3. Distribution of cancer variants targeted by commercially available WES and targeted panels. The xGen 
Exome Research Panel v2 provides better coverage across fusion genes and pharmacogenetic variants when compared 
to targeted panels.

https://www.idtdna.com/pages/products/next-generation-sequencing/targeted-sequencing/hybridization-capture/predesigned-panels/xgen-exome-research-panel-v2
https://www.idtdna.com/pages/products/next-generation-sequencing/targeted-sequencing/hybridization-capture/predesigned-panels/xgen-exome-research-panel-v2
https://www.idtdna.com/pages/products/next-generation-sequencing/targeted-sequencing/hybridization-capture/predesigned-panels/xgen-exome-research-panel-v2
https://www.idtdna.com/pages/products/next-generation-sequencing/targeted-sequencing/hybridization-capture/predesigned-panels/xgen-pan-cancer-panel
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Conclusion

The superior coverage of the whole exome panel outperformed the cancer-specific targeted 
sequencing panels that were investigated in this detailed study using knowledgebase comparisons 
and complex bioinformatics. The xGen Exome Research Panel v2 targets a slew of driver mutations 
and fusion genes (Figure 3)  as described in the Pan-Cancer Atlas as well as the most pharma-
cogenetic variants in the custom meta-knowledgebase that Tilleman and associates built for their 
study. At 71% coverage (Figure 4), this exome panel also targeted the most pharmacogenetic 
variant-drug interactions represented in the meta-knowledgebase.

Laurentijn Tilleman graduated from the Faculty of Bioscience Engineering of Ghent University in 
2016. He is now doing his Ph.D. at the Faculty of Pharmaceutical Sciences of Ghent University in 
the core facility for next-generation sequencing NXTGNT. His primary focus is on sequencing 
analysis in the field of pharmacogenomics.

Truesight Oncology 500

xGen Pan-Cancer Panel v2.4

QIAseq Targeted Human Comprehensive Cancer Panel

Ion AmpliSeq Comprehensive Cancer Panel

AVENIO ctDNA Expanded Kit

AVENIO ctDNA Surveillance Kit

xGen Exome Research Panel v2

AVENIO ctDNA Targeted Kit

69%

69%

69%

66%

61%

45%

71 %

43%

Figure 4. Number of pharmacogenetic variant-drug interactions covered by WES and targeted panels.
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5 WAYS WHOLE  
EXOME SEQUENCING IS 
CHANGING THE WAY WE 
INVESTIGATE CANCER 
WITH COSTS FALL ING,  EXOME SEQUENCING 
IS  POISED TO PROVIDE BETTER COVERAGE, 
HIGH-QUALITY  DATA,  AND STREAMLINED LAB 
PROCESSES

In just the last few years, panel sequencing for cancer research has fallen out of favor 
as the prices for whole exome sequencing have dropped dramatically.

This trend has huge implications for cancer researchers, who can now gather and bank 
for future reference the entire exome — with the banking of whole genomes possibly 
just around the corner.

Here are 5 ways that whole exome sequencing is 
revolutionizing the field of cancer research:

85% of disease-causing variants [23] are found within the exome, therefore, WES may 
provide researchers with the best cost vs. benefit in terms of the amount of biological 
insight attributed from a single sample. WES can be run on mid-throughput sequencers.

Current options for tumor profiling include immunohistochemistry (IHC), fluorescence 
in situ hybridization (ISH) and, more recently, small panel next generation sequencing 
(NGS). But each of these tests have their limits, including subjectivity, poor accuracy, 
and a tendency to miss key variants. WES, meanwhile, can identify single-nucleotide 
variants, insertions, deletions, copy number changes, and fusions, all of which may 
drive cancer growth. Among the many things WES can do is capture documented, 
relevant alterations while at the same time allowing researchers to continue to make 
new discoveries.  

Some common concerns around WES are gaps in coverage and the depth of coverage. 
However, it has been demonstrated that when supplemented with additional hybrid 
capture probes, it is possible to improve exome panel coverage to catch almost 99% 
of exons [20]. 

New disease discovery is much easier with WES. Every year, an average of about  
270 new disease [19] genes are discovered, and updating and revalidating panel tests 
to look for these diseases is expensive and time-consuming. An alternative approach 
is to have targeted gene sets built out on an exome backbone. This method leverages 
the advancements that have been made in bioinformatics analysis and allows labs to 
achieve a more efficient sequencing workflow; this method returns only the relevant 
genes of the condition the researcher is investigating.

Researchers can take advantage of emerging trends in WES by understanding the 
technical aspects of sequencing. It is much less expensive and more efficient to offer 
many tests to be performed on the same technical platform. Patient choice and cost 
will be the driving factors boosting WES past panel testing.

1

2

3

4

5

https://www.idtdna.com/pages/community/blog/post/genomics-science-contributes-to-battles-against-cancer
https://www.captodayonline.com/next-gen-sequencing-panel-versus-exome/
https://www.captodayonline.com/next-gen-sequencing-panel-versus-exome/
https://www.sciencedirect.com/science/article/pii/S0002929715002451
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CONCLUSION
AS RECENT STUDIES POINT OUT,  TRENDS IN  
COST AND DATA DISCOVERY ARE DRIV ING A  
NEW REVOLUTION IN CANCER RESEARCH WHICH IS 
DRIV ING DEMAND FOR WHOLE EXOME SEQUENCING. 
WITH COSTS FALL ING AND THE URGENCY TO 
INCORPORATE BETTER CANCER RESEARCH 
METHODS,  THIS  TREND IS  ONLY GOING UPWARD.
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PART I I
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WHEN DETERMINING WHAT SEQUENCING 
METHOD TO DEPLOY THERE ARE SEVERAL 

FACTORS THAT PLAY A ROLE IN THE 
DECISION, WHICH INCLUDE:

INPUT MATERIAL TYPE
(e.g., FFPE, blood, saliva, urine, fresh or frozen tissue)

INPUT MATERIAL QUALITY & QUANTITY

VARIANT CLASS PRIORITIZATION
(e.g., SNV, CNV, INDELs, TMB, MSI)

SAMPLE SIZE  
(single, cohort, population)

VARIANT FREQUENCY EXPECTATION
(inherited vs. germline)

STUDY DESIGN
(basic research vs. validation vs. routine testing)

BUDGET

WHOLE GENOME
SEQUENCING

WHOLE EXOME
SEQUENCING

TARGETED PANELS

COST
(per sample, USD)

$1000–
$3000

$500–
$2000

$300–
$1000

REGION SIZE
(bp)

3 B

60 M

1 M

SITES
(regions)

All coding &
non-coding

Exons

Specific
targets

DEPTH

30–
60X

100–
200X

200–
1000X

DATA SIZE
(GB)

60–350

5–20

0.1–5

As can be seen in the above table [24], there is no one-size-fits-all cancer research solution. However, it is important 
to choose a solution that falls within operational budgets, and adequately captures the many facets of cancer biology. 

Because of IDT’s unique approach, WES panels can be enriched in areas of interest to achieve similar sequencing 
performance observed with smaller “hot spot” panels. The result is a “best of both worlds” scenario where a single 
assay can be used to scan across the entire protein-coding region of the genome, while also offering the appropriate 
depth of coverage to detect minor allele frequencies for potential driver mutations in cancer research.
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INTRODUCTION
Comparison of exome targeted sequencing panels

The IDT xGen Exome Research Panel v2 is comprised of hybridization capture probes that have 
been produced for targeted NGS applications. This panel was generated by manufacturing 
probes in one single, large synthesis event. We updated this panel with our new target-aware 
algorithm, resulting in a panel with exceptional even coverage. We assessed each probe with 
proprietary off-target analysis and manufactured them under strict ISO 13485:2016 standards. 
We performed electrospray ionization mass spectrometry (ESI-MS) and dual quantification on 
each of the 415,115 probes before pooling to ensure that only high-fidelity probes are included 
at equimolar concentrations. Finally, performing individual probe synthesis means that we can 
deliver on a much larger scale than if we array synthesis methods, —producing one lot that can be 
aliquoted and stored securely, for consistent results one aliquot to the next.

Using a universal RefSeq human exome target, we compare the xGen Exome Research Panel v2  
with exome panels from other vendors. The results were assessed using multiple metrics  
(see Overview: NGS performance metrics) and experimental conditions.

OVERVIEW 
NGS performance metrics

To evaluate panel abilities, it is important to understand what exactly the metrics indicate and how 
to best interpret them together.

• Percentage of reads mapping on-target. The measurement of on-target bases or reads is 
typically represented as the ratio of number of reads within a target region to total number of 
reads aligned to the reference genome, expressed as a percentage. A higher percentage of on-
target reads indicates more accurate sequencing.

• Coverage depth. Coverage represents the number of times a sequenced DNA fragment (i.e., 
a read) maps to a genomic target. The deeper the coverage of a target region (i.e., the more 
times the region is sequenced), the easier it is to distinguish between errors and variations of 
the sequencing research assay.

• Flexibility of workflow. Data integrity is paramount when conducting experiments. By using 
the IDT xGen Exome Hyb Panel v2 we reduce the hybridization time to only 4 hours yielding 
the same results as an overnight hybridization, saving valuable time. In addition, flexibility in 
timing allows you to plan experiments around shifts. Combined with the ability to multiplex, this 
provides similar flexibility, allowing you to adjust the workflow to the number of samples, as well 
as saving cost per sample. 

• Uniformity of coverage. Coverage uniformity is a metric that should be considered in 
combination with other measures. One measure of uniformity is the fold-80—the amount of 
extra coverage required for 80% of the target sequences to reach the mean coverage depth. It 
is calculated by dividing the mean coverage by the 20th percentile coverage. Fold-80 can be a 
misleading measure of sequencing efficiency, since regions with zero coverage are not included 
in the calculation. Sequencing data with a significant lack of coverage could still achieve a fold-
80 score close to 1.0, which indicates perfect uniformity. This caveat illustrates the importance 
of evaluating targeted NGS panel data outputs in light of multiple measurements.
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RESULTS & DISCUSSION
Consistent formulation and data output

Large-scale batch synthesis and formulation of the xGen Exome Research Panel v2 generates many aliquots 
from a single synthesis event. IDT labels these aliquots as “lots” to track shipping, but they originate from 
the same synthesis run. Lots from other vendors can be generated from multiple synthesis runs. To test the 
lot-to-lot consistency, two different users performed the IDT hybridization capture reactions using different 
aliquots on different days at different sites (Figure 1). New coverage-to-coverage scatterplot for the xGen 
Exome Research Panel v2 shows a linear regression line that mimics the expected correlation line (Figure 1A). 
In comparison, two array synthesis lots of vendor X tested by the same user on different days show higher 
lot-to-lot variation (Figure 1B), as expected from an array-based method with limited yield requiring post-
synthesis amplification steps. Lot-to-lot variation in target coverage can only be overcome by performing 
expensive revalidations for applications, such as copy number variant (CNV) calling. The xGen Exome 
Research Panel v2 allows researchers to skip expensive revalidations, saving time and precious resources.
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Figure 1. Limit expensive revalidation by having a single, large lot. 100 ng DNA was used to make libraries, which were 
captured in 8-plex. Two different users performed the captures on different days in different locations. (A) The IDT xGen Exome 
Research Panel v2 shows a linear regression line that mimics the predicted “perfect” correlation line with an R2 value of 0.76.  
(B) In comparison, 2 lots of supplier X showed significantly less consistency and indicate more lot-to-lot variation, which may 
require more detailed revalidation. 

Highest on-target rate and coverage of the human exome

Multiplexing samples is a simple way to save money on hybridization capture experiments. Other vendors 
limit their multiplexing to 8 samples, but IDT’s protocol supports multiplexing up to 16 samples, enabling 
analysis of twice as many samples without sacrificing data quality. Sequencing libraries of exome panels 
were captured as 8-plex reactions for direct comparison (Figure 2). On-target rate (Figure 2A) and mean 
target coverage (Figure 2B) for a universal human exome target space were determined with Picard tools 
(Broad Institute), using 5 Gb of sequencing data per sample (25 M read pairs). The xGen Exome Research  
Panel v2 resulted in the highest on-target rate, as compared to 3 competitors (Figure 2), generating 
sequencing reads that map to the target regions. The targeted regions cover the human exome, yielding 
the highest mean target coverage of the universal human exome target space.
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Figure 2. High on-target rate and coverage of the human exome. (A) On-target rate calculated as the percent selected bases 
from Picard HS Metrics and (B) mean target coverage of the xGen Exome Research Panel v2 and other vendors’ exome panels.

Comprehensive coverage of the RefSeq exons

Comprehensive coverage is necessary for variant calling. Without adequate coverage, variant calls cannot 
be made with confidence. Low coverage regions will need subsequent sequencing, which wastes time and 
resources. The percent of RefSeq exons covered end-to-end at each read depth was calculated from 5 Gb of 
sequencing data per sample. The xGen Exome Research Panel v2 showed the highest percentage of exons 
covered greater than 20X, 30X, and 40X read depth (Figure 3) when compared against the 3 vendors tested.
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Figure 3. The most complete exome coverage is achieved 
with the xGen Exome Research Panel v2. Enriched 
libraries were sequenced with 5 Gb per sample, and the 
percent of exons covered end-to-end at each read depth 
were calculated. IDT xGen Exome Research Panel v2 shows 
the highest percentage of exons covered at each indicated 
depth, compared to panels from suppliers X, R, and A. 
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WGS coverage at WES cost

Whole exome sequencing (WES) efficiently sequences the coding portion of the genome and can replace 
whole genome sequencing (WGS) for experiments that focus on coding genes. The exome comprises only 
about 2% of the human genome [28], so WES saves money on sequencing reagents, downstream analysis, 
and data storage while delivering valuable data, providing a much better value than WGS. When compared 
to WGS, the coverage profile of the xGen Exome Research Panel v2 most closely resembles the WGS data 
(Figure 4). The higher coverage from the xGen Exome Research Panel v2 shows less bias in capture arising 
from regions with high or low GC content compared to other vendors’ panels.
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Figure 4. Coverage profile of xGen Exome Research Panel v2 most closely resembles whole genome data. A comparison 
of coverage depths of different exome panels to coverage depth from whole genome sequencing (WGS) of a matched library 
shows that the xGen Exome Research Panel v2 provides the closest match to WGS. Analysis of GC content shows that the higher 
coverage of the xGen panel is driven by the more effective capture of GC content.

Flexible range of multiplexing using the same workflow

Our hybridization capture workflow is unique in its flexibility while achieving consistent results. Here, libraries 
produced using the IDT Lotus™ DNA Library Prep Kit were pooled at 1-plex, 8-plex, 12-plex, and 16-plex 
using 500 ng of each indexed library before hybridization. Some vendors typically recommend 8-plex, but 
our workflow allows you to routinely multiplex at much higher levels. Hybrid capture was performed for  
16 hours using the xGen Exome Research Panel v2, and data was subsampled to 5 Gb before analysis 
against the product target space. On-target rate remains consistently high across all multiplex levels tested  
(Figure 5A). Duplication rate remains similar around 3% for up to 12-plex and rises to 5.2% for the  
16-plex capture, as expected from higher multiplexing (Figure 5B). However, the slight increase in duplication 
rate did not impact target coverage at ≥20X which remains high at all multiplex levels (Figure 5C). The 
consistency across a range of multiplexing levels allows researchers to maximize experimental efficiency. 
More samples per capture saves time and cost without negatively impacting data. Since sample number is 
not fixed in the xGen Exome Research Panel v2 protocol, hybridization capture can be performed without 
waiting for additional samples to reach the optimal multiplexing level, allowing researchers to maintain an 
efficient turnaround time. Smaller pools can achieve the same great results as larger pools without additional 
kits or significant changes in the original workflow.
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Figure 5. Flexible multiplexing levels. Lotus DNA libraries were pooled at 1-plex, 8-plex, 12-plex, and 16-plex using 500 ng of 
each indexed library before hybridization. Hybrid capture was performed for 16 hours using the xGen Exome v2, and data was 
subsampled to 5 Gb before analysis against the product target space. (A) On-target rate remains consistently high across all 
multiplex levels tested. (B) The duplication rate is approximately 3% for up to 12-plex and rises to 5.2% for the 16-plex capture, as 
expected from higher multiplexing. (C) However, the slight increase in duplication rate does not impact target coverage at ≥20X 
which remains high at all multiplex levels.

Flexible hybridization times using the same workflow

Single-plex Lotus libraries were tested using the xGen Exome Research Panel v2 with the 4-hour hybridization 
recommended in the protocol and with shorter hybridization times of 2, 1.5, 1, and 0.5 hours. Uniformity 
of capture (Figure 6A, B) did not change when hybridization time was decreased; the fold-80 (not shown) 
was 1.46 across all hybridization times. Target coverage at ≥20X remains stable after 1-hour hybridization 
(Figure 6C), demonstrating that the updated IDT exome solution enables users to easily go from capture 
to sequencing in a single day using the same xGen reagents and workflow protocol. Purchase of additional 
kits or any significant change to the original workflow is unnecessary to achieve great results from a shorter 
hybridization time.
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Figure 6. High Consistent data output with shorter hybridization times. Single-plex IDT Lotus libraries were captured with the 
xGen Exome v2 at the recommended 4 hour (hr) hybridization in the protocol and at shorter hybridization times of 2, 1.5, 1, and 
0.5 hrs. (A) On-target rate and (B) mean target coverage are only slightly decreased when hybridization time is below 1.5 hrs. (C) 
Target coverage at ≥20X remains high down to 1 hr hybridization. The xGen Exome v2 enables users to go easily from capture to 
sequencing in a single day using the same xGen capture reagents and workflow protocol.
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Variant detection with xGen Exome Research Panel v2

With whole exome sequencing (WES) costs dropping and the potential to detect genetic variations in nearly 
the entire coding region of the genome, WES has become a promising tool for researchers across a broad 
spectrum of genetic diseases. Single nucleotide polymorphisms (SNPs), insertions and deletions (indels), 
and copy number variations (CNVs) are common sources of genomic variation and important contributors 
to human diseases. Together, they impact a significant fraction of the genome. Here we show that the xGen 
Exome Research Panel v2, together with IDT’s xGen Prism DNA Library Prep Kit, allows reliable detection of 
variants in the human exome. 
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Figure 7. The xGen Exome Research Panel v2 enables confident variant detection. xGen Prism DNA Libraries were prepared 
using 100 ng Horizon reference standard (OncoSpan FFPE DNA, HD832). Libraries were captured at 1-plex with 16 hours hybridization 
using the xGen Exome Research Panel v2 for sequencing (2x100 bp, 50 M reads). Variant calls for HD832 were made using VarDict 
(AstraZeneca) to calculate sensitivity. (A) High coverage of the xGen Exome Research Panel v2 allowed the variants in HD832 to be 
detected with high sensitivity at lower allele frequency (AF) than typically needed for germline variant calling. (B) Specificity, positive 
predictive value (PPV), and negative predictive value (NPV) were calculated using randomly selected regions of interest (ROI) which 
were predefined to 504 sites before variant calling. The ROI method matches the number of true negatives to the true positives, 
where the truth is defined by the 252 high confidence mutation sites in HD832, a part of the xGen Exome Research Panel v2  
target space.
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Figure 8. DNA libraries were prepared using the IDT xGen DNA library prep kit using 100 ng Horizon FFPE reference 
standard (HD789 and GM24385). Libraries were captured at 3-plex with 16 hours of hybridization using the xGen Exome Research 
Panel v2 for sequencing (2x75bp, 40 M reads). The open-source software CNVkit was used to identify copy number variations in 
HD789 using GM24385 as normal samples. The batch sub-command in CNVkit was called to run the entire copy number calling 
pipeline with default parameters. (A) on-target, (B) target coverage, and (C) uniformity remain high between the two tested 
reference standards. (D) High and even coverage of xGen Exome Research Panel v2 allowed detection of MYC-N and MET 
amplification in HD789.
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CONCLUSION 
The content of the xGen Exome Research Panel v2 has been updated using the most accurate and up-to-date exome 
reference combined with IDT’s proprietary bioinformatics design pipeline, providing even and complete coverage of 
the human exome for use in your research experiments.

The xGen Exome Research Panel v2 provides high on-target rate and mean target coverage. It also provides greater 
depth of coverage across a higher percentage of exons, providing exceptional data at minimal sequencing cost.  
In addition, the IDT exome solution workflow offers flexible multiplexing (1–16-plex) and reduced hybridization times 
(30 min–16 hr).

Each probe in the panel is manufactured and assessed individually, and the panel is formulated at a larger scale than 
is feasible for array-based synthesis methods. The production of a single, large bulk of material with established 
quality metrics offers greater confidence for cancer researchers. 

METHODS 
Comparison of targeted sequencing methods description

DNA libraries were prepared using the respective library prep kit from each manufacturer with 100 ng of human 
genomic input DNA (Coriell). Libraries were captured and multiplexed according to each vendor’s exome panel 
capture protocol; 8-plex capture was used for the IDT workflow to match other vendors for the comparison. 1-, 12-, 
and 16-plex were also used to show the flexibility in the IDT hybridization capture workflow. Enriched libraries were 
sequenced on a NextSeq® instrument (Illumina) in high output mode using 2x100 paired-end reads. An equivalent 
number of reads per sample were analyzed using open-access Picard tools against a universal human exome target 
space (RefSeq109) (Figure 7).
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Figure 9. Diagram of exome hybridization capture workflow and analysis.

Variant detection with xGen Exome Research Panel v2 methods description

Reference standards that mimic formalin-fixed, paraffin-embedded (FFPE) samples were obtained from Horizon 
Discovery. DNA libraries were prepared using the IDT xGen Prism DNA Library Prep Kit with 100 ng of input. Libraries 
were captured with the xGen Exome Research Panel v2 workflow and sequenced on a NextSeq500™ instrument 
(Illumina) on high-output mode. Sequencing data was analyzed against the xGen Exome Research Panel v2 target 
space using open-access Picard tools.
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