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T 
Finding Expressed Somatic Mutations 
Can Lead to Neoantigen Prediction
RNA-Sequencing (RNA-Seq) is a sequencing 
technique to profile the expression levels of genes in 
a sample. Whole Exome Sequencing (WES) is a 
sequencing technique to  genotype only the 
protein-coding regions of a sample. Finding 
expressed somatic mutations requires detection of 
variants using both WES and RNA-Seq data. 
Because a plethora of tools exist for this purpose, 
we compared several tools to develop a 
standardized pipeline for identifying expressed 
mutations in cancer. This can potentially lead to 
prediction of new cancer-induced antigens 
(neoantigens) and personalized immunotherapies 
for the treatment of cancers. 

71 Myeloma Cell Lines Were Analyzed

Comparing GATK and Varscan - GATK calls more SNVs and Indels
Combining Workflows in Order to Find 
Expressed Mutations in Patient Data

● No comprehensive evaluation of filtering 
parameters. Used default GATK and VarScan 
settings

● No evaluation of RNAseq variant calling tools 
and detected variants has been done yet, only 
evaluation of WES data. 
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Figure 1:a) Whole Exome Sequencing workflow: Genomic DNA is fragmented, linked, 
and then tagged. The exomic regions were targeted for enrichment. b) RNA sequencing 
workflow: isolating the RNA, purifying the RNA and preparing cDNA, and sequencing.

Figure 2: Distribution of read counts for 70 of the 71 samples (one was omitted due to 
the size of the dataset). The number of reads included in a sample is critical for calling 
variants. Higher read counts can increase variants called, but also increase processing 
time and false positives.  File sizes for each sample ranged from 18-36gb each.

Figure 4: Number of variants (a), variants found by  both  tools (b) and processing time (c,d) for each sample.  a) The ratio of  variant detected by GATK to VarScan indicates 
that GATK calls on average 5.96 times more variants ( indels + SNVs) than Varscan, and this is not highly correlated to read count. b) The number of common variants detected by 
GATK and VarScan increases roughly linearly with readcount (as expected) c&d) GATK generally takes on average 1.8 times longer than VarScan to detect variants. This time does 
not include preprocessing or post filtering.
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The two tools used and compared were the Genome 
Analysis ToolKit (GATK) and VarScan. They are 
designed to call Single Nucleotide Variants (SNVs) 
and short insertions and deletions (indels), up to 
about 50 bases. Varscan is a Platform-independent 
mutation caller written in Java that works on both 
whole exome and whole genome sequencing data. It 
is able to work with individual samples or 
tumor-normal pair. GATK is a collection of Java tools 
for analyzing sequencing data. The tools themselves 
are very comprehensive and the pipeline starts with 
fastq files and ends with a vcf file of annotated 
variants. 

Figure 3. A generalized workflow for benchmarking SNV tools. Completed steps in blue and future steps in purple.
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Variants can be further analyzed and visualized using maftools 

Figure 5: For 67 samples, The variants detected by GATK from the WES data was visuzalied using maftools to identify patterns. a) The 25 most mutated genes in the 67 samples 
along with the type mutation found in each sample. Black indicates multiple mutations, not the absence of mutations. b) The classes of mutations called indicates that the vast 
majority of the variants called were missense. c) The most common type of mutation called was SNP.
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The reads were aligned to the human genome. Preprocessing steps such as marking duplicates, accounting for 
splicing events in RNA, and recalibrating base quality were performed. Preprocessed reads were input to 
GATK or Varscan to call variants (SNVs and indels). The tools tend to be very sensitive and variant calls 
contained false positives that were filtered out. Filters were also imposed to only include somatic variants in 
further analysis.  Variants were annotated to indicate function and level of conservation and compared to known 
variants to measure accuracy for each tool. Variants found in WES and RNA-Seq data will be compared and 
combined to identify expressed mutations as a followup step (indicated in purple).
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known 

variants

In order to find expressed mutations, both whole 
exome data and RNA-seq data are needed, but there 
is no standardized method of combining those two 
datasets. The next step in our research would be 
developing a standardized method of doing so. Right 
now we are implementing these tools on cell lines in 
order to develop a workflow and gauge accuracy. 
Once that is done, the completed workflow will be 
applied to patient data.

Preliminary Tool Comparison
VarScan GATK

Pros ● Adopts  heuristic/statistic 
approach to call variants

● Single command to run, 
easy to use

● Complete analysis toolkit 
from fastq to annotated 
variants

● Exceptionally comprehensive 
set of tools

● Active and helpful user base

Cons ● Unlike GATK, it is just a 
single variant caller. Users 
need to find compatible 
tools to do pre and post 
processing (such as 
annotation).

● Has lots of steps and is 
complicated to use which 
leads to complex and time 
intensive  pipelines.

● Under active development so 
the tools can change 
between versions.

Limitations

 Identification of 
expressed 

mutations by 
combining 

RNA-Seq and 
WES variants
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