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Innate and adaptive Immune system
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T and B cells

. Part of the adaptive immune
system

. Slower, but specific immune
response

. Trick is the high variety of T-
and B-cells: immune receptors
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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
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Antigen Receptor Formation

(general steps)
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Repertoire sequencing
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Clonal expansion and somatic
hypermutation of B cells
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Class
switching

Genes in heavy chain locus of an IgM expressing B cell

B

~. o Transcript for IgM

Removal of DNA segment by enzyme activity between switch regions
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Non-homologous end joining of DNA at switch regions
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Genes in heavy chain locus of an 1gG expressing B cell

v l Bl

Transcript for IgG1

Excised DNA segment

10
Wikipedia



Repertoire sequencing

DNA
RNA
Bulk (one chain)

Single cell
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One of the protocols

STEP 1: Specific reverse transcription with UMI-tagged primers

(A),
—
\Primer A
STEP 2: Exonuclease | treatment
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STEP 3: Multiplex PCR amplification (35 cycles) + 2x AMpure XP clean up
Read 2

23x
T

——
\Heacl 1

STEP 4: Indexing PCR (5 cycles) + 2x AMpure XP clean up

Pollastro et al (2021), Front Immunol.
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OUTPUT: Amplicon ready for sequencing on lllumina MiSeq
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Unigue Molecular Identifiers (UMISs)

PCR enrichment

TAT QW _
W 5 sequencing variant calling
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Unigue Molecular Identifiers (UMISs)

PCR enrichment

3

sequencing deduplication
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reference: T + sequence error correction
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Data analysis
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Pre-processing

 |dentify barcodes
 |dentify UMIs
 Mask primer sequences

| —20-22 bp— || 224-230 bp |
V-Region C-Region
Primer | [ V(D) 1 primer | M| UM
| 217 bp || 18 bp || 15 bp |

https.//presto.readthedocs.io/en/stable/workflows/Stern2014 _Workflow.html
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ldentify CDR3 sequence

e Two common methods for this
- Deduce from alignment

— Search for conserved motifs at end of V and start of
J region

\"; NDN J

FW1 CDR1 FW2  CDR2 FW3 CDR3 FW4

19



Define (sub)clones

Sub clones Clonal families (clones)
V, J and CDR3-peptides 1 amino acid difference
V, J and CDR3-nucleotides 85% sequence identity
Entire nucleotide sequence Dynamic threshold

Entire protein sequence

4 4

k-

T T T T
0.00 0.25 0.50 0.75
Distance
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Follow-up analysis
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Dominant clones

99.9%

=
o

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

% of clones

0.1% 0.01% 0.01% 0.00% 0.01%

R S This threshold was
G AR supported by naive
sorted T cells
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Weekd (FU1) Week 16 (FU2)

Compare samples

Peripheral blood Synovial tissue
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Pollastro et al (2019), ARD
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Diversity

24



Diversity

Many different plants
+

Equal frequencies

= diverse

Few types of plants
+

Dominated by lawn
= |less diverse

25



Shannon entropy

Renyi entropy

Hill diversity

Inverse Simpson

Gini-Simpson

Diversity indices

Hy = — Z p(s)Inp(s).

Hy =

Dg = exp|H3|.

Dy = 1/, p(s)*.

p(s) is probabillity, frequency
or abundance of species
1 —1/Ds.

DO is species richness

26
Mora and Walczak, 2016



Example immune cells

Naive Memory

Inverse Simpson

9 D, = 1/, p(s)*.
o Chance that you
/ draw two similar species

Simpson’s index Simpson’s index

Hy = 5% (10/50)* = 0.20 Hy = (30/50)% + (10/50)2 + (5/50)2 + (3/50)% + (2/50)% = 0.4152
Inverse Simpson Inverse Simpson

Dy =1/0.20 = 4.99999 Dy = 1/0.4152 = 2.4085 Naive more diverse

than memory compartment
27



Generalized formula
for entropy and diversity

* [3 =0 :Insensitive to frequency
* [3 =low: emphasis on rare species

* [3 = high: emphasis on dominant species

1 3
Hg = 5 In [Z P(?)] Dg = e}:p[ffﬁlh

Renyi Hill diversity

28



Diversity profiles

Greilff 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

Community 1
A:25% B:25% C:25% D:25%

Community 2
A:80% B:5% C:5% D:10%
Copyright © Paarson Education, Inc., publishing as Berjamin Cummings.
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;

Quality control: f
Contamination
(similarity)

* Pairwise
comparison |
between all samples |

* 0=no overlap at all
(dark blue)

* 1=identical samples
(yvellow)

'-Sampbs
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(23, o0t
. [g 2
Quality control: s
° ° Yo &
Contamination (EE;
® o ) 18", _
(similarity) i
* Black squares: E gg
samples from same E': 'g:ﬁ
patient i
* Similarity is expected
within patient
* Similarity across RN A AN A A
patients indicate e G
problems S-ORON--S = -

(contamination,
labelling errors, etc) 33



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)
BC,=2*C,/(5+5)

C, is sum of values for species in common between both
sites
S, is total number of species at site |

S, is total number of species at site j

intersection

34



intersection

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

35
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Only show
different patient pair

Impact of target sample

impact target
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Shared clones

File Edit View Insert Format Sheet Data Tools Window Help
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Computer clusters, cloud, linux
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Handling sequencing data
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Option: buy a computer cluster

T

1

I

\

/]
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Option: cloud computing

I HIRED A CONSULTANT
TO HELP US EVOLVE OUR
PRODUCTS TO CLOUD
COMPUTING.

Dilbertcom DilbertCarioonist@gmail.com

BLAH BLAH CLOUD.
BLAH BLAH CLOUD.
BLAH BLAH CLOUD.
BLAH BLAH CLOUD.

ol Scon Adama, Inc./Disl by UFS, Inc.

70y

IT'S AS IF YOU'RE A
TECHNOLOGIST AND
A PHILOSOPHER ALL
IN ONE!
[//

BLAH BLAH
PLATFORM. |

Often you do not need computing power all the time

Compute by demand

Compute resources are shared

42



Computer exercises

» Data analysis on the SurfSara cloud

* Analyze a public AIRRseq dataset
- Pairwise assembly
- ldentify V, J and CDR3
- Group related sequences
— Count dominant clones

https://www.surfsara.nl/

43
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Overview

Introduction AIRRseq Follow-up analysis

* T- - .
T- and B-cell receptors * Dominant clones

*VDJ recombination

*

* Clonal expansion and somatic hypermutation Compare samples

* Class switching * Diversity of samples

* i I
Repertoire sequencing * Shared clones between samples

Data analysis

* Pre-processing

* ldentify V, (D), J and C regions
* Identify CDR3 region

* Determine clones and their frequency * Overview of computer lab

Computer systems for data analysis

* Clusters, cloud, linux
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