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Analysis of Viral Hybrid Panel Data and Identification of Viral Integration
Sites

This tutorial will take you through the tools available in CLC Microbial Genomics Module to identify
the presence of viruses in hybrid panel capture data and search for viral integration sites.

Introduction Identifying the viral species/strain and possible integration sites is becoming
increasingly important to understand the mechanisms behind disease patterns. Human papillo-
mavirus (HPV), in particular, is recognised as the leading cause of cervical cancer. This tutorial
will guide you through the viral tools included in CLC Microbial Genomics Module to analyze NGS
data from hybrid capture panels.

Prerequisites For this tutorial, you must be working with CLC Genomics Workbench 21.0 or
higher and you must have installed CLC Microbial Genomics Module 21.1 or higher.

Overview Using Hybrid Capture NGS data from Human Papillomavirus (HPV) positive samples
collected among Gabonese women, this tutorial will guide you through the following:

e Customizing a provided template workflow in order to identify the HPV strains present in
the samples.

e Using a database of HPV genomes and a human reference in order to identify potential viral
integration sites.

General tips

e Tools can be launched from the Workbench Toolbox, as described in this tutorial, or
alternatively, click on the Launch button (¢77) in the toolbar and use the Quick Launch tool
to find and launch tools.

e Within wizard windows you can use the Reset button to change settings to their default
values.

e You can access the in-built manual by clicking on Help buttons or going to the "Help" menu
and choosing "Plugin Help" | "CLC Microbial Genomics Module Help".

Downloading and importing the data

For this tutorial we will use a HPV data set originally created and described by Nkili-Meyong et al.,
2019. To ensure a reasonable analysis time for the tutorial, only 4 of 21 samples are included
in this tutorial, and each read file has been reduced to include only 20% of the original reads.

To begin: Download the data from our website: http://resources.giagenbioinformatics.
com/testdata/viral_tutorial/Viral_analysis_tutorial_data.zip. Unzip and
save the files locally.

The data for this tutorial includes the following files:


http://resources.qiagenbioinformatics.com/testdata/viral_tutorial/Viral_analysis_tutorial_data.zip
http://resources.qiagenbioinformatics.com/testdata/viral_tutorial/Viral_analysis_tutorial_data.zip
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o Homo_sapiens_sequence_hg38 chrll.clc: Chromosome 11 from the human reference
genome.

¢ Homo_sapiens_refseq_GRCh38_chrlil_CDS.clc: CDS regions for chromosome 11.
¢ HPV genomes database.clc 192 HPV reference genomes

o HPV genomes database (taxpro index).clc: Taxonomic profiling index created from the
HPV reference genomes

e HPV type 16.clc HPV type 16 reference genome.
e Raw_reads: 5 paired-end data files in fastg format from HPV target capture samples. Each
sample has been downsampled to contain a maximum of 50,000 read pairs.

Now that the data has been downloaded, we can get started.

1. Open your CLC Workbench and go to File | Import | Standard Import. In the wizard, leave
the import option to Automatic Import. Choose the five files ending in ".clc" as seen in

figure 1.
Import X
e o Choose which files should be imported
< Selected files and folders (5)
2. Choose files to import C:\Users), \Documents\Viral_analysis_tutorial_data‘\HPV genomes database (taxpro index).dc
C:\Users) \Documents\Viral_analysis_tutorial_datz\HPV genomes datsbase.dc
3. Save i folder C:\sersy \Documents\Viral_analysis_tutorial_dataHPV type 16.dc
C:\Users) \Documents\Viral_analysis_tutorial_datz\Homo_sapiens_refseq_GRCh38_chr11_CDS.dc
C:\Usersy \Documents'Viral_analysis_tutorial_dataHomo_sapiens_sequence_hg38_chril.dc

Add folders Add files Remove
* Options
(@) Automatic import
(O) Force import as type: | OTU abundance table (.xls/.xlsx/.csv)

() Force import as external file(s)

Help Reset Previous MNext Finish Cancel

Figure 1: Select the five files ending in ".clc".

2. Save the imported files into a new folder you can call for example "Viral analysis tutorial".
3. Next, import the read files. Go to File | Import | lllumina....

4. Click "Add folder" and select the "Raw_reads" folder from the download location (figure 2).
Leave the import options as default and save the reads to a subfolder (for example titled
"Raw reads") within the "Viral analysis tutorial” folder .

Your "Viral analysis tutorial” folder should look like figure 3

Remember that when working with your own data, you can create, customize or download
databases using the following tools found in the Databases () | Taxonomic Analysis () and
the Tools (@) folders of the Microbial Genomics Module Toolbox:
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E lllumina High-Throughput Sequencing Import x

Select files of types Hlumina (. bet/. fastg/.fq)

1. Choose where to run Selected files (10)

2. Import files and options C:\Users) \DocumentsWiral_analysis_tutorial_data'Raw_reads\SRR8290154 sampled_R1.fastg A
C:\Usersy \Documents\Viral_analysis_tutorial_data\Raw_reads\SRR8290154 sampled_R 2.fastq
3. Result handling C:\Usersy \DocumentsViral_analysis_tutorial_data'Raw_reads'\SRRE290163 sampled_R 1.fastg
C:\Usersy \Documents\iral_analysis_tutorial_data'\Raw_reads\SRRE290163 sampled_R2.fastg
4. -;‘:’:-bgm for new C:\Usersy \Documents\Viral_analysis_tutorial_data\Raw_reads\SRRE290166 sampled_R 1.fastq v
e

Add folders Add filles Remave

General options
Paired reads

Paired read information
[] Discard read names

(®) Paired-end (forward-reverse) () Mate-pair (reverse-forward)

Discard quality scores
U Minimum distance |1 Maximum distance | 1000

Tllumina options
Remove failed reads Quality scores | NCBI/Sanger or Ilumina Pipeline 1.8 and later ~
[CIMiSeq de-multiplexing

Trim reads

[] Join reads from different lanes

Help Reset Previous Next Finish Cancel

Figure 2: Import the contents of the "Raw_reads" folder.

=I- =5 viral analysis tutorial

--®¥% Homo_sapiens_sequence_hg38_chri1
-=*E Homo_sapiens_refseq_GRCh38_chr11_CDS
~i= HPV genomes database

i HPV genomes database (taxpro index)
35 HPV type 15

=5 Raw reads

SRR&290154 sampled (paired)
SRR8290163 sampled (paired)
SRR8290166 sampled (paired)
SRR2290167 sampled (paired)
SRR8290168 sampled (paired)

Figure 3: Viral analysis folder after import of all files.

e Update Sequence Attributes in Lists (i5)

o Download Custom Microbial Reference Database (%’)

e Download Curated Microbial Reference Database (7Z))
Taxonomic profiling indexes can be create with Create Taxonomic Profiling Index tool found in
Databases (js3) | Taxonomic Analysis (/).

Now that all the reference data, databases and sample data have been imported, we are ready
to configure the provided template workflow so you can perform the analysis of the sample data.

Run the Analyze Viral Hybrid Capture Panel Data workflow

In this section, you will run the Analyze Viral Hybrid Capture Panel Data workflow. The workflow
is designed for determining abundance of viruses present in a sample and identifying the closest
matching reference among a user-specified reference list. The workflow also maps to the
reference, calls variants and outputs a consensus sequence.

The default workflow includes a step with mapping host reads to a set of housekeeping genes.
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This is not relevant for the data used in the workflow and we will therefore create a modified copy
of the workflow. How to do so is described in detail below.

1. In the Toolbox, go to

Template Workflows | Microbial Workflows (=) | Metagenomics (i) | Taxonomic analysis
(F5:) . Select Analyze Viral Hybrid Capture Panel Data (g) with one click (do not open
the wizard yet with a double click). Right-click on the name of the workflow and choose the
option Open Copy of Workflow (figure 4).

‘B {55 Warkflows

%= Data QC and Clean Hi Run...

Run in Batch Mode (legacy]...

E Merge and Estimate Al

: - {8y QC, Assemble and Bin Add to Favorites
Eé Abundance Analysis
@ Typing and Epidemiology Open Copy of Worlkflow

Figure 4: Open a copy of the workflow.

. This opens a copy of the workflow in the view area of your workbench.

. Locate the following five workflow elements: "Map Reads to Human Control Genes",
"Read Mapping Human Control Genes", "Collect and Distribute Human Control Genes
Reports", "Combine Human Control Genes Reports" and "Report (Human Control Genes
Read Mapping Report)" (figure 5).

4. Select and delete the elements by pressing "Delete" or right-click and select "Remove".

™ Copy of Analyze Viral Hybrid ... X

{ [tutverce T | outar cumare meas Tk | ghoon | -

X
-

N
Fevo e o mesesTecn | Gugghasarh

x

| [ |

ResssTask | ResaMapping /| Rydignes Regiahs

Riqs Mapping orfessyfimok | Resmatoslling  mrgat mgions

ResdsTrack ([2}{2} Read M 2pping) o FrequgherYarantDeecton

\
foyied [ [rmeine [t
Dorittme] | 7 K

5 Fier of Gusplin Grie

e varbyl x| Figes s Taox
!

Vatan:Tacs | [Kooun s ek et s esis ek Seqoencn e
(3} Firer aganst known Variants [56] g foread uapping [ ¢ for sequencing Reads
Filtered Variant Track Frncs fiztstion Table | Repor \prephica Report | SupplementaryRepot | Duplicaied Seguances
—— N —
,/,::‘;fgff———‘lf —
—— T F—— Poats | masmnees | asing e

i Remove Marginal Variants (5] Create Sample Report -5, Create Mapping Graph 5 Map Reads to Human Control Genes

e n o ey prevpey e

<

o o Rk

Annotated Variant Track (£3){3} Annotated Variant T rach ] Combine Reports. &7 Extract Consensus Sequence Pansof graph within threshold ({343} Low Coverage Areas) | combine Human Control Genes Reports

oot
= EtT ouput
o~

Repons Nucieotide Sequence mapping Repors

Regort Consensusse: quences Report

TrackList ({23} TrackLisy Report (Combined Repor)

Consensus sequences ({34{2} Consensus Sequence)

4 Add Element... ‘ & The werkfiow must be saved

Bk o

Figure 5: Delete the workflow elements associated with human control genes.

5. Save your workflow in your Navigation Area by dragging the workflow tab to the relevant

location in your Navigation Area (here in the folder called "Viral analysis tutorial"). You can
also right-click on the workflow copy tab and select "Save as...". Keep the workflow open.
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We are now ready to run the modified workflow.

1. In the open workflow view, click on "Run..."

2. Select all 5 samples from the "Raw reads" folder (figure 6). Do not check the "Batch"
option as the workflow already creates batch units. Click Next.

E Copy of Analyze Viral Hybrid Capture Panel Data X

Select input for Iterate

1. Choose where torun

(@) Select from Navigation Area
2. Select Sample Reads

(O Select files for import: | CLC Format
3. Configure batching

Mavigation Area Selected elements (5)

4, Tnim Reads Qr | <enter search term> i= SRRB8290154 sampled (paired)

=[5 viral analysis tutorial SRR:8290163 sampled (paired)
HPV genomes database SRRE8290166 sampled (paired)
= HPV type 16 SRRB8290167 sampled (paired)

| [ i= SRRB290168 sampled (paired)

> |4l

5. Taxonomic Frofiing

6. Find Best References
wusing Read Maoping
SRRE8290154 sampled (paired)
SRA8290163 sampled {paired) {
SRRE8290166 sampled (paired)
SRRE8290167 sampled (paired)
i SRR:8290168 sampled (paired) ¥
£ >

7. Low Frequency Variant
Detection

8. Result handling

9. Ssve lpcation for new
elements
[1Batch
Help Reset Previous Mext Finish Cancel

Figure 6: Select the contents of the Raw reads folder

3. Here, you can configure batching. We will leave it as is so click Next.

4. The next wizard window gives you an overview of the samples selected. We want to analyze
all 5 samples so we just click Next.

5. In the next dialog, you can set the trimming options including adapters if you data contains
adapter sequences. We will leave them as default (figure 7). Click Next.

E Copy of Analyze Viral Hybrid Capture Panel Data *

Trim Reads

Configurable Parameters

1. Choose where to run

2. Select Sample Reads Trim using quality scores

3. Configure batching Quality limit 0.05

Trim ambiguous nudeotides v
4. Batch overview <

Maximum number of ambiguities |2

5. Trim Reads
Trim adapter list ﬁ

6. Taxonomic Profiing
7. Find Best References i’ Racedss
using Read Mapping

8. Low Freguency Variant
Detechion

9. Result handling

10. Save location for new
elements

Help Reset Previous Finish Cancel

Figure 7: Select trimming options and optionally add adapter lists.
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6. In the Taxonomic profiling wizard step, click (ﬁ) and locate and select "HPV genomes
database (taxpro index)". Disable "Filter host reads" as we are working with a virus which
is potentially integrated into the human genome. The settings should look like figure 8.

E Copy of Analyze Viral Hybrid Capture Panel Data X

Taxonomic Profiling
Configurable Parameters

1. Choose where to run

2, Select 5ample Reads Reference index ?LE HPY genomes database (taxpro index) ﬁ
3. Configure batching Filter hostreads ]

4. Batch overview Host genome index i
5. Trim Reads

» Locked Settings

6. Taxonomic Profiling

7. Find Best References
wusing Read Mapping

8. Low Freguency Varianf
Detection

9. Result handing

10. Save location for new
elements

Help Reset Previous Next Finish Cancel

Figure 8: Select the taxpro index and disable host read filtering.

7. In the next wizard step, select the HPV genomes database (figure 9) and click Next.

E Copy of Analyze Viral Hybrid Capture Panel Data x

# | Find Best References using Read Mapping
Configurable Parameters

1. Choose where to run

2. Select Sample Reads References i= |HPV genomes database Eﬁ
3. Configure batching
3 Locked Settings
4. Batch overview
5. Trim Reads

6. Taxonomic Profiing

7. Find Best References
using Read Mapping v

< >

Finish Cancel

Help Reset Previous

Figure 9: Select the HPV genomes database.

8. Leave the variant detection settings as default and click Next.
9. Save the Results in a new folder, for example called "Viral Analysis".
The workflow will now run. It may take a few moments to complete. You can monitor its progress

in the Processes tab, located next to the Toolbox in the bottom left side of the Workbench. When
it is done, we will take a look at the output.

e First, open the Combined report. This contains summary statistics for all samples. For
example, in the "QC for read mapping - Reference coverage" section, you can see that
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sample SRR8290166 only covered 86.30 % of the reference. When you are done, close
the report.

e Open the Merged Abundance Table. Here, you can see that the samples all contain Human
papillomavirus type 16. There are a few additional hits but the relative abundance is low
and they can therefore likely be attributed to noise.

The workflow also generates a folder for each sample containing output files specific to that
sample. We will look at a few of these files:

10. Open the folder for sample SRR8290163 (it should be called "SRR8290163 sampled
(paired)").

11. Open the "Find Best Reference Report". Here you can see that matching reference is HPV
type 16 and that the reference is completely covered by the viral reads.

12. Open the Track List. This view shows the read mapping to the best matching reference
(figure 10). We can see in the mapping and the Low Coverage Areas track that there there
is a dip in the coverage in a region of approximately 2000 bps indicating a part of the virus
genome has been deleted. This is common in viral integration events. There is also a
number of variants detected but these are are not covered in this tutorial.

Mavigation overview: Chromosome PPH16

C

\')'

1,000 2,000 2,000 4,000 5.000 8,000 7.000
1 I 1 I I I 1

At ot et e s

SRR8290163 sampled

424
SRRB290163 sampled [k Ll s =l
(paired) Read Mapping

22 276 reads =~

P e |y ——

8
SRR8290163 sampled
{paired) Annotated

- s allan of =l lIIlIlIII...l..l...IlIl. — ll.l...ll.--.l-lll

SRR8290163 sampled
{paired) Amino Acid
Track

Amino acids

CCo— Coee—
[E— i — — o [ [ eee—
SRR8290163 sampled
(paired) Low Coverage
Areas
ETTilUmEE CCss——

Figure 10: Track list output of Analyze Viral Hybrid Capture Panel Data

13. Repeat this inspection for the other 4 samples. Sample SRR8290166 and SRR8290163
has a similarly sized areas of low coverage.

For a description of all output files not covered in this tutoeial, see nttps://resources.

giagenbioinformatics.com/manuals/clcmgm/current/index.php?manual=Analyze_Viral Hybrid_Capture_Panel_

Data.html.


https://resources.qiagenbioinformatics.com/manuals/clcmgm/current/index.php?manual=Analyze_Viral_Hybrid_Capture_Panel_Data.html
https://resources.qiagenbioinformatics.com/manuals/clcmgm/current/index.php?manual=Analyze_Viral_Hybrid_Capture_Panel_Data.html
https://resources.qiagenbioinformatics.com/manuals/clcmgm/current/index.php?manual=Analyze_Viral_Hybrid_Capture_Panel_Data.html
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Identifying Viral Integration Sites

In this section, you will look for integration of HPV into the human genome. To limit the
runtime and memory required, we will only use two of the samples and chromosome 11 from
the human genome. We will also limit the search to HPV type 16. When identifying viral
break point in your own data, you can download the human reference with the Reference data
manager (see https://resources.giagenbioinformatics.com/manuals/clcserver/current/admin/index.

php?manual=Reference_data_management. html)

1. To begin, from the Toolbox, choose:
Metagenomics (s5) | Taxonomic analysis (f:) | Identify Viral Integration Sites (L) or
use Launch (ﬁ) to search and run.

2. Select samples SRR8290163 sampled (paired) and SRR8290166 sampled (paired) (fig-
ure 11). We are running the tool as standalone on multiple samples so we will enable
Batch.

E Identify Viral Integration Sites *

Select reads
1. Choose where to run L

Navigation Area Selected elements (2)
2. Select reads Q- | <enter search term> i= SRRE8290166 sampled (paired)
=I5 Viral analysis tutorial {E 5RRB8290163 sampled {paired)

HPY genomes database

> |l

3. Select references and
specify search parameters

4, Result handling

SRRE8290167 sampled (paired)
SRR8290168 sampled (paired)

v

< >

Help Reset Previous Mext Finish Cancel

Figure 11: Select sample SRR8290163 and SRR8290166

3. In the next step, you should see an overview of the two batch units. If you do not see this
step, you probably forgot to enable Batch. Click Next

4. In the next wizard step, select HPV type 16 as input for "Viral references". Select
Homo_sapiens_sequence_hg38_chrll and Homo_sapiens_sequence_hg38_chrl1_CDS as
"Host reference" and "Host annotations". The viral reference is already annotated and we
will therefore leave "Viral annotations” empty. Leave the other settings as default. Your
screen should look like figure 12.

5. In Result handling, leave all the output options checked and select "Save to specified
location" and "Create subfolders per batch unit". Save the results to a location of your
chosing, for example a folder titled "Viral integration”

The tool will now run and may take a few minutes to complete. You can monitor its progress in
the Processes tab, located next to the Toolbox in the bottom left side of the Workbench. When it
is done, open the results folder for "SRR8290166 sampled (paired) batch".

1. We will first take a look at the host mappings in a track list.


https://resources.qiagenbioinformatics.com/manuals/clcserver/current/admin/index.php?manual=Reference_data_management.html
https://resources.qiagenbioinformatics.com/manuals/clcserver/current/admin/index.php?manual=Reference_data_management.html
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m Identify Viral Integration Sites X

Select references and spedify search parameters

1. Choose where to run
Host and viral references

2. Selectreads

Viral references i= HPV type 16 ﬁ
3. Batch overview viral annotations ﬁ
4. Select references and Host references % | Homo_sapiens_sequence_hg38_chr11 ﬁ‘
e Host annotations £ Homo_sapiens_refseq_GRCh38_chr11_CDS B
B (=i vy Minimum number of reads on a virus 50
Minimum relative virus abundance to most abundant virus |0.01
Minimum wvirus coverage 0.0
Breakpoint detection

Minimum reads with unaligned ends supporting site |20

Minimum host/virus broken pairs supporting site 1

Minimum ratio between unaligned and aligned 0.0
Minimum unaligned end length 15
Mearby genes distance 100,000

Help Reset Previous Mext Finish
Figure 12: Select the viral and host references.

e Press Ctrl + L (3 + L on a Mac) and select the Host mappings (=) and Host
breakpoints (3*E). Click finish.

e Double-click on the Host breakpoint in the track list to open a table view of the
breakpoints.

2. Click on one of the two breakpoints. The track list viewer automatically zooms in on the
region.

3. Observe that the integration is supported by both unalighed ends and broken pairs (figure 13.

Navigation overview: Chromesome 11

< _BE__ )
4,112,580 4,112,500 2,119,920 4,119,340
1 1 (=] 1 1
284
SRRB290166 sampled
(paired) (Host — —
sl GTGGGAACAAGGTATGCTCCATGAAT TGACAGTACTGGAA
- CTTGTACCGATGCTGAGAGTATATAACAACACAGCTCGATAT
CTTGTACCGATGCTGAGAGTATATAAC AGCTCGATAT
TTGTACCGATGCTGAGAGTATATAAC AGCTCGATAIT
CTTGTA ATGCTGACACTATATA CTCG GAA
CTTGTACCGATGCTGAGAGTATATAA GCTCGATAT
CTTGTACCGATGCTGAGAGTATATAAC AGCTCGATAT
SRR8290166 sampled
(paired) (Host
breakpoints)
Region annotations (2} P
< >
(= 1E)E] N & - ——1+ BE
[EH sRR8290166 sampled (paired) (... X
‘ Rows: 2 Filter to Selection... Filter ?‘
Chromosome  Region Name viral reference  Viral region Host chrom...  Host region Unaligned e... Unaligned e... Broken p:

Figure 13: Host read mapping with breakpoint regions selected.

4. Optionally, you can repeat the above for sample SRR8290163.

5. Finally, open the viral integration outputs (£.) for both samples. Here, you can see that the
two integrations are different. The regions deleted in the virus during the integration are not
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the same. The viral regions CDS E4, E5 and L2 have been deleted in SRR8290166 while
in sample SRR8290163 it is E1 and part of E2 that is deleted. They are also integrated in
different regions of the host (figure 15).

/:_

Figure 14: Viral integration events in chromosome 11.

6. In sample SRR8290163, zoom in to see that the viral integration event potentially impacts
multiple CDS regions in the host genome. To recreate the view shown in figure 15, set the
virus extent to 50 and use the mouse to zoom in on the host chromosome.

7. Repeat for SRR8290166 to further confirm that the integration events are different.
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Figure 15: Zoom in to see that the viral integration event impacts CDS regions.
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