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Immune Repertoire Analysis using QlAseq Immune Repertoire panels

This tutorial uses the capabilities of CLC Workbench and the Biomedical Genomics Analysis
plugin to analyze sequences generated using the QIAseq Immune Repertoire RNA Library Kits.

In more detail, during this tutorial, we will:

¢ Make use of the Reference Data Manager to download reference data.

e Analyze QIASeq Immune Repertoire panel data, making use of the Analyze QlAseq Panels
tool.

Prerequisites

For this tutorial, you must be working with CLC Genomics Workbench 20.4 (or higher) with the
Biomedical Genomics Analysis plugin 20.2 (or higher) installed. How to install plugins in the
CLC Genomics Workbench manual

General tips

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 by selecting the "Help"
option under the "Help" menu.

e If you are connected to a CLC Genomics Server via your CLC Genomics Workbench, we
recommend that you analyses on the CLC Genomics Server when you are offered this
option.

e Information about running analyses in batch mode is available in the the CLC Genomics
Workbench manual

Download and import data for this tutorial

For this tutorial we use data from a (not yet published) study of thymic B-cells role in shaping
the T-cell receptor (TCR) repertoire in mice. The study uses transgenic mice, that have been
genetically engineered to only express a single TCRS chain. Diversity in a:8 T cells are therefore
only generated by the a-chain.

Download the sample data
1. Download the sample data from our website. The archive contains two samples from the
experiment.

2. Unzip the data file to a location of you choice. Note that the files can also be automatically
unzipped when imported into the CLC Workbench.


http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Install.html
http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Install.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Batch_processing.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Batch_processing.html
http://resources.qiagenbioinformatics.com/testdata/qiaseq_immune_repertoire_tutorial_data.zip
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Import the sample reads

1. Start the CLC Workbench if it is not already running.

2. Import the sample reads, which are in CLC format, by going to:
File | Import (%) | Standard Import ().

3. If you unzipped the data in the select the unzipped folders, otherwise select the zip-archive
just downloaded. Leave the import type set to "Automatic", as shown in figure 1.

Import *
Choose which files should be imported
Selected files and folders (2)

2. Choose files to import C:\Users EN. Desktop \giaseq_immune_repertoire_tutorial_datal1621%R-04-01_51_L001_R1_001 (paired) sampled.dc
C:\Users "R \Desktop\giaseq_immune_repertoire_tutorial_data\1621%¥R-04-16 516 1002 R1 001 (paired) sampled.clc

1. Choose where to run

3. Savein folder

Add folders Add files Remove

w Options
(®) Automatic import
() Force import as type: | ACE files (.ace)
() Force import as external file(s)

Help Reset Previous

Cancel

Figure 1: Standard import of folders containing the ".clc" files

4. Click on Next and select a folder to save to.

A new folder can be created by clicking on the "New Folder" option at the top of the window.

Download the reference data The "QIAseq Immune Repertoire Mouse" reference data sets
are needed for the analyses we carry out in this tutorial.

1. Click on the References button in the top toolbar.

2. Select the QIAGEN Sets tab, and then select the QlAseq Immune Repertoire Analysis item
under Reference Data Sets, on the left hand side.

3. Click on the Download button on the right, above the list of data elements (figure 2).

If the "Download" button is not enabled, and you see checkmarks by each data element
listed, then you already have the reference data in this set.

4. Now select the QlAseq Immune Repertoire Analysis Mouse item under Reference Data
sets, on the left hand side and download this data set as well.

5. When you are done, close the Reference Data Manager.

Run the Mouse Immune Repertoire workflow to analyze the samples

We now analyze the data from the mouse experiment using the Mouse Immune Repertoire
workflow. We will launch the workflow in batch mode, such that the analysis will be run once for
each sequence list supplied as input.
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B Manage Reference Data ®
/?. LG A ”
i é I‘W Manage Reference Data: |Locally
] Free space in CLC_References location: 293,07 GB
Download Genomes QIAGEN Sets Custom Sets Imported Data Free space in temporary folder location: 239.07 GB
Public Repositories Reference Data Library Reference Data Sets Imported Reference Data

gy T " ) ) )

U Ensembl vgg QlAseq Immune Repertoire Analysis Mouse Size on disk
Version: 1.0, Reference Data Sat 19 KB

Single Cell Mouse (Ensembl)

Cell type classer v1.0, Ensembl v86

QAseq Immune Repertoire Analysis Mouse Copy from server Delete Create Custom Set ...

IMGT Reference Sequences

QlAseq RNA Panels Mouse Reference Data included:
Ensembl v80 ‘Workflow role Version Download Size On Disk Size
tcr_reference_segments jaseq_immune_vimm 14 KE 17ke
QlAseq UPX 3 Panels Mause @ S mEeE e =l
RefSeq GRCm38.p6 @Ir\mﬁadaptsrjsts qizseq_immune_v1_mm 2kB 3KB
(@) Rat v v

Figure 2: Reference data to be downloaded

For each sample, the workflow will produce QC related reports, an Immune Repertoire Analysis
report, a Clonotype table and a Combined Report, containing a summary of information from the
other reports.

Further information about this workflow can be found in the Biomedical Genomics Analysis
plugin manual.
1. Open the Analyze QlAseq Panels from the Toolbox:
Ready-to-Use Workflows | QlAseq Panel Analysis (%) | Analyze QlAseq Panels (G,
2. Open the Immune tab.

3. Click on Run next to the Mouse Immune Repertoire option (figure 3).

[ Anslyze QlAseq Panels 'Y

Import, Analyze, Interpret 59 QlAseq Panel analyses
Targeted DNA | Targeted RNAscan | Targeted RNA | Targeted TMB/MSI | Targeted Methyl | UPX 3'RNA | Multimodal
Multimodal TMB/MSI | Exome = Immune = RNA Fusion XP

£ ImportIlumina reads &

Import Ton Tarrent reads Human Immune Repertoire (IMHS-0012) Information | Run

Import your reads then select the panel in the
ey Mouse Immune Repertoire (IMMM-001Z) et -

The workflows are already set up with generally
optimized parameters, but you can experiment
with settings to fit your particular pipeline.

Upload to QCI Interpret

Send variants directly to QCI Interpret. Using
the QIAGEN Knowledge Base variants are
dassified with tier dassification from ACMG/AMP
and AMP JASCO/CAP Standards and Guidelines.

OCT Tnternret alsn incormorates actionahilite and

Help Close Add custom panel

Figure 3: Run Mouse Immune Repertoire Analysis from Analyze QIAseq Panels

4. Select the sequences from the mouse experiment (figure 4).
5. Check the Batch option below the data selection area (figure 4).
6. Click on Next.

7. Specify a new folder to save the results to and click on Finish.


https://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsanalysis/current/index.php?manual=Perform_QIAseq_Immune_Repertoire_Analysis_ready_to_use_workf.html
https://resources.qiagenbioinformatics.com/manuals/biomedicalgenomicsanalysis/current/index.php?manual=Perform_QIAseq_Immune_Repertoire_Analysis_ready_to_use_workf.html
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Run "Perform QlAseq Immune Repertoire Analysis" workflow - Mouse Immune Repertoire (IMMM-001Z) X

1. Choose where torun |
Selected slements (3]
i=  1621¥R-04-01 51_L001_R1_001 (paired) sampled

= 1621¥R-04-16_515_1002_R1_001 (paired) sampled

earch term>
=+[E5 Immune Reportoire tutorial

2. Workflow Input Q-
()

<[>l

3. Savelpcation for new
elements

Figure 4: Reads to be analyzed in batch mode

Investigating the results of the Mouse Immune Repertoire workflow

The Perform QIAseq Immune Repertoire workflow will produce two top-level outputs:

e An immune repertoire report ([£]) with a number of different summary statistics character-
izing the immune repertoire.

e A clonotype table ([E§) with a full list of identified clonotypes and their expressions.

The two outputs are described in detail below. The folder QC & Reports contains additional
reports providing more detailed information for quality control.

Inspecting a single Inmune Repertoire Analysis report

1. Click on a folder of results for one of the samples in the Navigation Area to expand its
contents.

2. Open the Immune Repertoire Analysis report in that folder by double clicking on it.

In section 1 Summary, you will find a breakdown of the number of reads originating from each of
the four chains, «, 8, v and §. In the reports and tables the «, 5, v and é-chains are denoted by
TRA, TRB, TRG and TRD respectively to make it easier to search and filter for chains. For both
mouse and human «a:8 T cells are much more common than ~:6 T cells in most tissues. It is
therefore to be expected that the number of reads from the « and  chains is much larger than
the number of reads from the § and v chains.

In section 3 Rarefaction, the so called rarefaction curve is shown for each of the four chains.
The curve shows how many unique clonotypes would have been discovered for a given number
of total sequenced reads originating from the chain. To begin with, when only a few clonotypes
have been detected, there is a high chance that the next clonotype has not been seen before, so
the curve rises steeply in the beginning. As more and more clonotypes are detected, it becomes
more and more likely that the next clonotype has already been seen before, so the curve flattens.
For a repertoire with high diversity, meaning that many different clones are present at modest
frequencies, the curve will flatten slowly and asymptote at a high number of clonotypes. Whereas,
for a repertoire with low diversity, meaning that there are a few dominating clones, the curve
will flatten quickly and asymptote at a low number of clonotypes. This can be seen very clearly
by contrasting the rarefaction curves for the o and 3 chains (figure 5). Since the 5 chain has
been fixed diversity is low, even with 100,000 clonotypes sequenced only around 200 unique
clonotypes have been identified. For the « chain around 3,500 unique clonotypes have been
identified after clonotyping 10,000 reads.



00000
QIAGEN

Tutorial

Rarefaction a-chain

L B e e S R ——
3500 - s
3000
z . P Diversity
4 2500 7 P - - - interpolated
2 | a
;] 7 wper
@ . P iversi
3 2000 P - = - interpolated
] 1 lower CI
S .
=] B Diversity
] . J—
1500 interpolated
Diversity
- P - = - extrapolated
1000 upper CI
] g Diversity
- - == extrapolated
500 lower C
1 Diversity
4 extrapolated
0 7T T T [ T [ T T [ T
2000 4000 6000 8000 10000 12000 14000 16000 18000
Number of Clonotypes
Rarefaction B-chain
360 e Camt
340 //

240 Diversity
2204 s gt - - - interpolated
E e - upper Cl
Diversity
E| . - === interpolated
160 3 lower CI
E| : ‘ Diversity
interpolated
Diversity
- = = extrapolated
upper Cl

Clonotype Diversity
-
=
=]
1

Diversity

- = - extrapolated
lower CI
Diversity
extrapolated

L B e Ly s s e s e ey B s B
0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000
Number of Clonotypes

Figure 5: Rarefaction curves for the o and 3 chains

The diversity of a repertoire can be summarized using different metrics. In section 2 Diversity
Indices, we can look at the Shannon-Wiener index, a high number means great diversity.
Recapitulating the visual difference between the o and § rarefaction curve, we can see that the
Shannon-Wiener index is close to zero for the 8 chain but more than 7 for the « chain.

Section 4 CDR3 length, shows histograms of the CDR3 lengths for each chain. We see
characteristic peaks every 3nt, corresponding to in-frame TCR sequences (figure 6). It is common
and no cause of concern that some CDR3 sequences are out-of-frame. In section 7 Productive
summary, there are tables showing the percentage of clonotypes that are deemed un-productive,
either because they have an out-of-frame CDR3 sequence or the CDR3 sequence introduces a
premature stop codon.

Section 5 V and J usage, contains histograms grouped by chain and V and J, showing how often
a gene segment is used. This will reveal if some gene segments are preferentially used.

Inspecting the clonotype table

1. Click on a folder of results for one of the samples in the Navigation Area to expand its
contents.

2. Open the table in that folder with a name starting with "Clonotypes" by double clicking on
it.
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Figure 6: CDR3 length distribution for the « chain

The clonotype table contains all unique clonotypes identified along with their counts. A clonotype
is characterized by its chain, V and J segments and its CDR3 sequence, which can be found in
the first four columns of the table. The table also contains the amino acid translation of the
CDR3 sequence. If the CDR3 sequence is out-of-frame this will be empty, if the CDR3 sequence
contain a premature stop codon, it will be marked with an "*". The column Productive indicates
whether the clonotype is productive or non-productive. Non-productive clonotypes have either
out-of-frame CDR3 sequences or CDR3 sequences containing a premature stop codon.

By clicking on the "Count" table header twice we can sort the table by descending count, showing
the most abundant clonotypes at the top. Again, since this repertoire is derived from a transgenic
mouse, there is one clonotype from the 5 chain using V-19 and J-1-1 that is much more abundant
than any other clonotype.

We can filter the table to only look at productive o chain clonotypes. The easiest way to filter to «
chain clonotypes, is to right click on any cell in the Chain column contain "TRA", then navigate to
"Table filters" and press "Chain = TRA" (Figure 7). We can do the same in the Productive column
to filter out non-productive clonotypes.

Chain v ] COR3 nudeotide sequence
TRB V-19 J-1-1 TETGCCAGCAGTATTCAGEG
TRB v-19 1-2-7 TETGCCAGCAGTATTCAGGG
TRA W Tablefilters * ¥ Chain contains TRA (GGGTAA
TRA \GACTGE
TRA File >| W Chain doesn’t contain TRA GAATAG
TRA Edit > V¥ Chain=TRA CACAAA
L | . S
TRA View »| % Chain £ Tr® GCAGGG
TRA ) ) \CACAAL
TRA Toolbox > ? Chain starts with TRA CTTATC
TRA Select Tab » | 52 TGTGCAGCAAGTACTGGAGC
TRA J-31 TETECTCTGAGTGATCAGGS
TRA Show View * 32 TGTGCAGCTAATACTGGAGG
TRA V-T9 1-58 TGOGCAGCAGGRCAAGGTAC

Figure 7: Filter to show only a chain clonotypes
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Comparing immune repertoires

To compare two or more immune repertoires we can use the Compare Immune Repertoires tool.

Run the Compare Immune Repertoires tool

1. To created a Combined Report, summarizing the QC results for each sample, go to:
Tools | QlAseq Panel Expert Tools (7) | QlAseq Immune Repertoire Expert Tools (-3) |
Compare Immune Repertoires (&)

2. Next select all the clonotype tables generated before. An easy way to select all the tables
is by locating the folder with the results from the batch run. Right click the folder and press
"Add folder contents (recursively)" (Figure 8).

Compare Immune Repertoires X
Select d I
1. Choose where to run e cu.nutype St
Navigation Area Selected elements (2)
2. Select donotype samples | Q- |<enter search term> = B8] Clonotypes-1821%R-04-01 51 1001,
H g PR [E8] Clonotypes-1621%R-04-16_516_100...
3§ Rt honck #0718 [%  Addfolder contents
; S 18
< e B Add folder contents (recursively)
[ Batch
Help Reset Previous Mext Finish Cancel
Figure 8: Select all clonotype tables
Click on Next.

In the output option check "Create similarity table". In the result handling chose "Save".

Click on Next.

2

Specify a new folder to save the results to and click on Finish.

The Compare Immune Repertoires report

1. Click on the folder of results for one of the samples in the Navigation Area to expand its
contents.

2. Open the report in that folder by double clicking on it.

The first two sections contain tables where summary statistics and diversity indices can easily
be compared. Such comparisons could also have been created using Combine Reports (7=)).
It is usually ill-advised to use "Observed diversity" directly to compare repertoire sizes, since
this depends both on the number of reads clonotyped and the uniformity of the repertoire.
Extrapolated diversity (ChaoE) is an estimate of the number of clonotypes we would find if we
could completely saturate the repertoire [Chao, 1987]. Interpolated to lowest sample diversity is
an estimate of the number of clonotypes we would have found in each sample if they all had the
same number of reads clonotyped as the sample with the fewest. These estimates both have
their advantages and drawbacks, but will make for a more "fair" comparison of the repertoire
sizes, irrespective of the number of clonotyped reads.
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The rarefaction curves in section 4 gives a complementary view of the repertoire diversity
(Figure 9). A vertical red line has been added to the plot at the number of reads clonotyped from
the a chain in the sample with the fewest clonotyped reads, here around 6,300. The intersections
with the two rarefaction curves correspond to Interpolated to lowest sample diversity. The numbers
the curves approach in the limit corresponds to Extrapolated diversity (ChaoE).
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Figure 9: Rarefaction curves for the « chain. A vertical red line has been added to indicate the
number of reads clonotyped in the sample with the fewest clonotyped reads.

Section 3 Scatter Plots, will contain scatter plots for each chain comparing the count of clonotypes
in the two samples. This is useful for seeing if two repertoires have many common clonotypes
(sometimes called "public") with similar expression or if the repertoires differ in their composition.

Section 6 V and J usage, can be used to compare the usage of different segments between
repertoires (Figure 10). The plot will show if there are differential segment preference between
the repertoires compared.
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Figure 10: Comparison of o chain J-segment usage between the two samples.
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