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Introduction

Cancer researchers are in need of easy-to-use and highly accurate methods for the detection of variants in cancer samples. The
NEBNext Direct technology, offered by New England BioLabs® Inc. in conjunction with SoftGenetics NextGENe software enable
the study of several disease causing genes. NEBNext utilizes Unique Molecular Identifiers (UMIs), allowing for the detection of PCR
duplicates, and NextGENe software is capable of removing these duplicates, increasing the allele frequency accuracy.

Procedure

NEBNext Chemistry
NEBNext Direct libraries were created by
shearing 100ng of genomic DNA to a median
size of 200bp using Covaris ultrafocused
acoustic shearing. DNA was denatured and
hybridization was carried out using biotinylated
oligonucleotide baits specific to the NEBNext
Direct Cancer HotSpot Panel. Captured DNA
was bound to streptavidin beads and separated
from unbound material. Enzymatic removal of
off-target sequence was performed, followed by
a series of enzymatic manipulations to convert
the captured material into Illumina sequencer
compatible libraries. The resulting libraries
contain two index barcodes incorporated into
the universal adaptors. The 3’ adaptor contains
an 8 bp, sample-specific index used to
disambiguate samples pooled prior to
sequencing. The 5’ adaptor contains a 12 bp
randomized sequence that serves as a Unique
Molecule Index (UMI), tagging individual
molecules allowing marking of duplicates
created during PCR amplification (Figure 1).
For full details, please refer to the Product
Manual for the NEBNext Direct Cancer
HotSpot Panel available for download from
NEB.com. Prepared libraries were sequenced on
an Illumina MiSeq using 2x75bp paired-end
v2 chemistry.
Figure 1: NEBNext Direct Cancer HotSpot
Panel chemistry
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NextGENe Software
Preinstalled panel templates are included in NextGENe software for NEBNext chemistries, including the Cancer HotSpot Panel. Panel
templates offer an easier approach for targeted resequencing data in NextGENe. Templates are used to specify all settings for the analysis
when creating ngjob files. Any setting(s) can be adjusted to create a new template. These ngjob files are detected and processed by the
AutoRun tool.
1. Open the AutoRun tool from the NextGENe “Tools” menu.
2. Open the “Job File Editor” from the AutoRun “Tool” menu.
3. Select a template from the drop-down list. Templates for the NEBNext Direct Cancer HotSpot Panel are included with the software.
The “Save As” button allows the templates to be modified into new templates or for completely custom templates to be created.
4. Load the raw data (fastq files).
5. Select a preloaded reference to use for alignment.
6. Set an output location.
7. Click the “Group Jobs” button to open the grouping tool. This makes it easy to split the list of raw data files into separate sample projects.
8. Click OK to save the ngjob file.
9. Start the AutoRun tool to begin processing.

Discussion

The NextGENe NEBNext Direct Template automatically guides the sample files through a series of steps, including Removal of PCR
duplicates, Format Conversion, trimming of adapters, alignment to the human genome and variant calling. Variants will be called when all
of the
following criteria are satisfied:
• Percentage of reads with variant is greater than 1.5%
• Variant is found in more than 3 reads
• Total coverage is more than 100 reads
• Variant forward/reverse balance ratio more than 0.2 (0.8 for homopolymer indels)
• Variant is within target region
A pair of samples, S12 and S13, takes under 12 minutes to analyze on a desktop computer with an i7 processor and 16GB RAM. Each
sample started with over 1.2 million pairs of reads (Figure 2).

Figure 2: Read count statistics
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NextGENe software uses UMIs within the Illumina I2 files to
identify PCR duplicates. The pair of duplicates with the highest
total score is maintained to be processed along with unique paired
reads, while duplicate reads are removed from further processing.
This process left about 200,000 unique pairs for alignment of each
of these samples to the human genome.
Figure 3: Sample S13 coverage statistics 99.9% of the target
regions had over 100x coverage, as shown in Figure 3.
Counting unique reads, the target had a minimum coverage
of 86 reads, average coverage of 481 reads and a
maximum coverage of 1928 reads.

The NextGENe NEBNext templates are set to detect variants above 1.5%. The target contains 190 regions encompassing over 36Kbps.
For sample S13, 57 variants were identified (51 substitutions, 2 insertions and 4 deletions). This includes 100% of the expected variants,
with an allele percentage as low as 1.81%, total coverage as low as 153 reads and balance as low as 0.34.

Figure 4: NextGENe Viewer
After processing, the projects can be visualized in the NextGENe Viewer (Figure 4). New reports can be created and saved in addition
to those already created during processing, which include the mutation report, several coverage curve reports (with different coverage
cutoffs), and an expression report (showing read counts per target). The Reference and Track Manager tool allows for optional tracks to
be imported into the NextGENe software. These tracks (including COSMIC[1], ClinVar [2], and dbNSFP [3]) can then be queried
automatically for every new project, giving additional information for each variant.
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