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Abstract. Introduction. The implication of viruses in human cancers, as well as
the emergence of next generation sequencing has permitted to investigate further
their role and pathophysiology in the development of this disease. One such
mechanism is the integration of portions of viral genomes in the human genome,
as well as the specific action of viral oncogenes.inding integration sites and
preserved oncogenes is still relying on heavy manual intervention. Methods. We
developed an analysis and interpretation pipeline to determine viral insertions.
Using data from directed viral capture, the pipeline conducts a crude genotyping
phase to select reference viral genomes, identifies chimeric reads, extracts the
putative human sequences to locate in the human reference genome, scores and
ranks candidate junctions, and exports tabular and visual results. Results. We
leverage common bioinformatics tools (bowtie2, samtools, blat), and a dedicated
filtering and ranking algorithm, implemented in R, to infer candidate junctions and
insertions. Static results (tables, figures) are produced, as well as an interactive
interpretation tool developed as a shiny web app. Discussion. We validated this
pipeline against published results of HPV, HBV, and AAV2 insertions and show
good information retrieval.
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1. Introduction
High-throughput data provided by next generation sequencing (NGS) have
revolutionized the medical care of cancer patients. Together with treatment responses,
the fine characterization of mutations in cancer cells has permitted the realization of
precision medicine, and can now lead to personalized treatments in cancers. [1]
Recently, virus-induced cancers have received a great deal of attention. [2] Many
viruses are implicated in the development of cancers, including HBV for hepatocellular
carcinoma, [3] HPV for cervix, anal, and oropharyngeal squamous cell carcinoma, [4]
EBV for nasopharynx carcinoma and Burkitt and Hodgkin lymphomaes, HTLV-1 for
adult T-cell lymphoma, HIV and HHV8 for kaposi sarcoma.
The exact physiological mechanisms explaining the carcinogenic role of these
viruses are not still clearly known, but recent advances in viral capture techniques
followed by next generation sequencing have helped uncovering mechanisms
underlying this carcinogenic role. [5,6]
Due to its high-throughput nature, NGS produces large amounts of data for which
the bottleneck now lies in the interpretation of the results.We introduce viroCapt, a
software package designed to help researcher in the analysis and interpretation of such
data.
viroCapt manages an analytic and interpretation pipeline, as well as a
visualization tool to assist in reading and interpreting the results, with a ranking method
using quality and interpretability criteria.

2. Methods
The pipeline uses short read sequencing data from NGS viral capture, leveraging
common bioinformatics tools (bowtie2 for viral alignment, [7] samtools for janitorial
purposes, [8] and blat for human alignment [9]), and public resources (viral and human
reference genomes) to produce candidate insertion sites in the human genome and
splicing sites on the viral genome. Those results are ranked using custom-developed
filters to assess their quality and interpretability.
The pipeline goes through the following steps (Figure 1): Quality Control, crude
genotyping, local alignment to the candidate viruses, and alignment of the partially
mapped reads to human, in a method described as Strategy A-Ⅱ in Chen et al. 2019
[10]. Furthermore, we apply dedicated filters to tag specific human alignment (H),
concordance of results between multiple reads (C), and presence of breakpoints on the
same chromosome (T).
After the execution of the pipeline, the results can be browsed through a web app
(Figure 2) showing the sequencing profile with the candidate insertions as an overlay,
as well as sortable and filterable tabular view of all the results. Multiple options and
filters (chromosome, quality, number of reads, length of the human sequence found)
can be used to explore and narrow the results.
We validated the pipeline output on HeLa cell samples with an HPV integration
and samples from hepato-cellular carcinomas with HBV and AAV2 integrations (data
available upon request). [11,12,13]
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Figure 1. Overall organisation of the pipeline.

3. Results
The pipeline is implemented as a makefile orchestrating multiple bioinformatics tools,
as well as R functions to process the intermediary data. Everything is packaged as an R
package containing the analysis functions and the visualization tool as a shiny web
application. The makefile, reference sequences for HPV and the HeLa example dataset
are installed along the R package. The makefile allows for batch processing of multiple
samples, and multithreading is enabled for bowtie2, samtools, blat, and most of the R
logic.
Viral capture data are usually small. For example, the HeLa sample dataset is
13Mb per paired FASTQ file, and executes in 12 minutes using 4 threads on a standard
laptop computer (Intel i7 CPU, 16GB of RAM).
The pipeline code can be obtained from https://github.com/maximewack/viroCapt.
A demo instance showing the HeLa results can be found here:
https://shiny.maximewack.com/viroCapt_MIE
The validation on samples with HPV, HBV, and AAV2 integrations yielded
concordant, well-ranked results (Table 1), showing good retrieval performances of the
algorithm and assorted filters.
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Figure 2. Screenshot of the interactive analysis tool displaying the HeLa sample results.
Table 1. Comparison of viral integration identified in viroCapt and the references
viroCapt
virus sample virus
1671 - 2844
1
HBV
2
1
AAV

HPV

1827 - 2846

references
human (chr:position)

virus

19:30291247 - 30291291 1671 - 2849
5:1295275 - 1295209 1830 - 2843

human

rank

30291247 - 30291287

1-2

1295275 - 1295207

23 - 24

1794 -

12:79363501 -

1789 -

79363502 -

25

192 - 2224

6:49526654 - 49411818

189 - 2226

49526654 - 49411817

26 - 726

1738 - 1824

14:90044537 - 90132716 1736 - 1828

90044536 - 90132717

1-3

1496 - 587

5:1295211 - 1026640

1295211 - 1026641

4-7

2985 - 1864

19:30300745 - 30301945 2981 - 1853

30300749 - 30301935

14 - 15

1295308 - 1295291

1-3

4390 - 4632 5:1295307 - 1295291

1496 - 587
4390 - 4597

2

4571 - 4270

3

no integration

4

no integration

5

4597 - 4386

3:172302190 - 172224151 4388 - 4597

172224150 - 172302191 1 - 2

2497 - 5736

8:128241546 - 128230635 2497 - 5736

128241494 - 128230632 1 - 2

3100 -

8:128233367 -

128233367 -

HeLa

3:172224024 - 172224026 4270 - 4571

17222402 7 - 172224026 1 - 2

no integration
no integration

3088 -

4

4. Discussion

We compared the results obtained using our analytic pipeline to those obtained by
published results on HeLa cells [11] and liver cancer samples with HPV or AAV2
integrations, [12] and most results are confirmed in the top results.
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While the carcinogenic mechanisms specific to each viral insertion are still largely
unknown, high throughput approaches allow the genotyping and identification of
genome insertions. We already used this pipeline in clinical research to elaborate on
those mechanisms [14,15].
This is not the first pipeline to implement a viral insertion finding logic, some
implementing a similar strategy [16,17], but this is the first to include such a dedicated
analysis tool.
The addition of an interactive web tool for the exploration of results and assisting
in interpretability is a valuable asset for researchers and clinicians alike to make use of
these data in an efficient manner.
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