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Overview

Introduction AIRRseq

* T- and B-cell receptors

* VDJ recombination

* Clonal expansion and somatic hypermutation

* Class switching

* Repertoire sequencing

Data analysis

* Pre-processing

* Identify V, (D), J and C regions

* Identify CDR3 region

* Determine clones and their frequency

Follow-up analysis

* Dominant clones

* Compare samples

* Diversity of samples

* Shared clones between samples

Computer systems for data analysis

* Clusters, cloud, linux

* Overview of computer lab



3

Innate and adaptive immune system

Dranoff (2004) Nature Reviews Cancer
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T and B cells

1. Part of the adaptive immune 
system

2. Slower, but specific immune 
response

3. Trick is the high variety of T- 
and B-cells: immune receptors 

T cell receptor

CD3CD3

Wikipedia
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Immune receptors:
V, D, J recombination

 BCR: heavy (heavy) and light chains 
(kappa, lambda)

 TCR: beta/alpha and gamma/delta 
chains

https://digitalworldbiology.com/blog/immunoprofiling-how-it-works 

https://digitalworldbiology.com/blog/immunoprofiling-how-it-works
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Immune receptors:
V, D, J, C recombination

https://digitalworldbiology.com/blog/immunoprofiling-how-it-works 

https://digitalworldbiology.com/blog/immunoprofiling-how-it-works
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Immune receptors:
V, D, J, C recombination

https://digitalworldbiology.com/blog/immunoprofiling-how-it-works 

Repertoire sequencing

https://digitalworldbiology.com/blog/immunoprofiling-how-it-works
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Immune receptors:
V, D, J, C recombination

Ralph et al (2016), PloS Computational Biology
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Clonal expansion and somatic 
hypermutation of B cells

Wikipedia
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Class
switching

Wikipedia
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Repertoire sequencing

● DNA
● RNA
● Bulk (one chain)
● Single cell
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One of the protocols

Pollastro et al (2021), Front Immunol.
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Unique Molecular Identifiers (UMIs)

https://www.ecseq.com/support/ngs/how-can-unique-molecular-identifiers-help-to-reduce-quantitative-biases 

https://www.ecseq.com/support/ngs/how-can-unique-molecular-identifiers-help-to-reduce-quantitative-biases
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Unique Molecular Identifiers (UMIs)

https://www.ecseq.com/support/ngs/how-can-unique-molecular-identifiers-help-to-reduce-quantitative-biases 

+ sequence error correction

https://www.ecseq.com/support/ngs/how-can-unique-molecular-identifiers-help-to-reduce-quantitative-biases
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Data analysis



17

Pre-processing

● Identify barcodes
● Identify UMIs
● Mask primer sequences

https://presto.readthedocs.io/en/stable/workflows/Stern2014_Workflow.html 

20-22 bp

15 bp18 bp

V-Region  
Primer

V(D)J
C-Region  

Primer
UMI  

224-230 bp

217 bp

Read 2

Read 1

https://presto.readthedocs.io/en/stable/workflows/Stern2014_Workflow.html
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Identify V, (D), J and C regions

Toby et al (2016), BMC Bioinformatics
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Identify CDR3 sequence

● Two common methods for this
– Deduce from alignment

– Search for conserved motifs at end of V and start of 
J region
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Define (sub)clones

Sub clones

V, J and CDR3-peptides

V, J and CDR3-nucleotides

Entire nucleotide sequence

Entire protein sequence

https://changeo.readthedocs.io/en/stable/examples/cloning.html 

Clonal families (clones)

1 amino acid difference

85% sequence identity

Dynamic threshold

https://changeo.readthedocs.io/en/stable/examples/cloning.html
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Follow-up analysis



22

Dominant clones

● Defined as clones 
with percentage 
reads (or UMIs)       
> 0.5% compared to 
total sample

● This threshold was 
supported by naive 
sorted T cells
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Compare samples

Pollastro et al (2019), ARD
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Diversity
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Diversity

Species richness
Evenness

Many different plants
+
Equal frequencies
= diverse

Few types of plants
+
Dominated by lawn
= less diverse
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Diversity indices

Shannon entropy

Renyi entropy

Hill diversity

Inverse Simpson

Gini-Simpson
p(s) is probability, frequency

or abundance of species

D0 is species richness

Mora and Walczak, 2016
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Example immune cells

Inverse Simpson

Chance that you
draw two similar species

Naive more diverse
than memory compartment
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Generalized formula
for entropy and diversity

● ß = 0 : insensitive to frequency

● ß = low: emphasis on rare species

● ß = high: emphasis on dominant species

Renyi Hill diversity
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Diversity profiles

Greiff et al (2015), Genome Medicine
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Shared clones
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Similarity indices

 Inverse of distance 
measure

 E.g. determine overlap 
in species richness 
(species count, without 
abundance)

 Several similarity 
indices exist that do 
take abundance into 
account
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Quality control:
Contamination
(similarity)

 Pairwise 
comparison 
between all samples

 0=no overlap at all 
(dark blue)

 1=identical samples 
(yellow)

Samples

S
am

p
le

s
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Quality control:
Contamination
(similarity)

 Black squares: 
samples from same 
patient

 Similarity is expected 
within patient

 Similarity across 
patients indicate 
problems 
(contamination, 
labelling errors, etc)
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Similarity indices

Jaccard index (occurrence of species)
J(A,B) = intersection_AB / (union_AB – intersection_AB)

Sorensen index (occurrence of species)
S(A,B) = 2 * intersection_AB / (set_A + set_B)

Bray-Curtis index (occurrence and frequency of species)
BCij = 2 * Cij / (Si + Sj)

Cij is sum of values for species in common between both 
sites
Si is total number of species at site i
Sj is total number of species at site j

union

intersection

setA
setB
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Look at shared clones

union

intersection

setA
setB

Compare all samples pairwise
Look for shared clones (same CDR3 sequences) in both samples
Calculate impact of the shared clones in both samples:

Impact = sum(frequency) / total frequency in sample

Assumption:
Contamination direction is from sample with highest impact to lowest impact
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Shared clones

Impact of source sample
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Purple = same patient
Blue = different patient
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Shared clones
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Only show 
different patient pair
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Shared clones
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Computer clusters, cloud, linux



40

Handling sequencing data
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Option: buy a computer cluster
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Option: cloud computing

Often you do not need computing power all the time
Compute by demand
Compute resources are shared
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Computer exercises

● Data analysis on the SurfSara cloud
● Analyze a public AIRRseq dataset

– Pairwise assembly

– Identify V, J and CDR3

– Group related sequences

– Count dominant clones

https://www.surfsara.nl/ 

https://www.surfsara.nl/
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Overview

Introduction AIRRseq

* T- and B-cell receptors

* VDJ recombination

* Clonal expansion and somatic hypermutation

* Class switching

* Repertoire sequencing

Data analysis

* Pre-processing

* Identify V, (D), J and C regions

* Identify CDR3 region

* Determine clones and their frequency

Follow-up analysis

* Dominant clones

* Compare samples

* Diversity of samples

* Shared clones between samples

Computer systems for data analysis

* Clusters, cloud, linux

* Overview of computer lab
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