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Probabilistic VDJ recombination annotation

( . )
sequence generation:

combinatorics + randomness — diversity
& - receptor DNA sequence

Vv, Y, Vgg Dy D, Dy Uy U Js

H /LI I_I_ / H_w/ /LH TAGGACCTCGGAAACCTCTTCTGCTGGCGCAGAGATACAGGGCTGAGTCTTCTT
/ TATCTGCCGATGTCGCGAAGGCCCTCCCGCTAAGATCACTGGTGGCACAGAAGT
TAGGGAGAGGTGCCTAACTGCTGGCACAGAAGTACAGAGAGGTCTGGTTGGGGT
TCCGCCGCTAGTCCCTGAAACTACTGGCACAGAGATAGAAAGCTGTCGGGTTCT
CGAAACTGCTGGCACAGAAGTACACAGATGTTTGGGAGGGAGCAGCCGACTCCA
TCTTGGCCGCTAGTCCGAGAAACTGCTGGCACAGAAGTACACAGATGTTTGGGA
deletions TTGTAGGAGCCGGACCGGCCCCCTGTCCCCTTGGCTGCTGGCGCAGAGATACAG
|) TCATTTAACGTGCGGCCCGCCTGGCACAGAAGTAAAGAGCTGTCTGGTTGTGGT
TAGTAACTCCGCTTCACTGCTGGCACAGAAGTACACAGATGTCTGGGAGGGAGC
TCCCTCCGGTTTGAAGGGTCTGCTGGCACAGAAGTACACAGATGTTTGGGAGGG
CCGGTGTTCGCACAGCCCTGGGGACCCTGGCGCAAACCCCGCTTCCCTCGAGGA
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Condition specific TCRs

- clonotypes can be shared
- for functional reasons (common antigen)
- by chance (convergent recombination)

- large cohort association studies to find condition-specific TCRs

nature
netics
- can we tell the difference using the m Immunosequencing identifies signatures of &°
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Condition specific TCRs

Repertoire 1  Repertoire 2 Pipeline

Extract sequences
shared across
patient cohort

!

For each sequence:

Estimate Pge Estimate P

P 4 Shared \ / "~

en .

g sequences. Compare and calculate
CASSAGVGGGEQYF -value
CASSAFVYSYEQYF convergent P
CASSVGQGTYEQYF recombination Py,

CASSVEGSPVDEQYF
CASSGGVGGGEQYF
CASSVGGQOGIYEQYF Conve.rgent
CASSVLQOGTYEQYF selection
4 CASSVGVTGYEQYF




Condition specific TCRs

clonotypes can be shared
- for functional reasons (common antigen)
- by chance (convergent recombination)

large cohort association studies to find condition-specific TCRs

can we tell the difference using the model?

re-analysis without negative cohort
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Condition specific TCRs
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Vaccine response

Subjects:

3 Twin pairs (6 donors)
HLA-DR+CD38+CD8+ sorting

l Vaccination  |eny secretion assay Time
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Vaccine response

clone size distribution flu vaccination
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— characterize noise model

— probabilistic inference of response

- experimental noise — calibrate noise model at same time point



Noise model

for each clone, (unknown) frequency f
number of cells

number of reads
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Expansion model

expansion by s
f1 = faexp(s)

prior: a fraction a of clones expands by typical effect S
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Yellow fever vaccine response

* identify expanding clonotypes above
background

e twins share more expanded
clonotypes

* large CD4 and CD8 expansion but
different dynamics
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Yellow fever vaccine response

. validation with IFNy secretion assay (CD4 stimulation)
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Different immune strategies

adaptwe |mmun|ty



Other immune strategies
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Common strategic choices

randomly acquired
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Processing information
about the environment on
evolutionary timescales

actively acquired Response during
organism lifetime




Common strategic choices

randomly acquired
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CRISPR immunity

actively acquired

Processing information
about the environment on
evolutionary timescales

Response during
organism lifetime




Optimal immunity

pathogens .m. ‘3‘ 'm' 'm' 'ﬁ .ﬁ. .g. ﬁ:‘ ‘3‘ 'ﬁ' '#'

population

1 2 3 4 5 6 time
(generation)

- match environment statistics

- ensure long term population growth

[ — immunity as adaptation to pathogen statistics ]

- consider different strategies

- optimize long term population growth



Population growth
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Population growth
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The environment

A
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Optimal strategies

heritability
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Optimal strategies

adaptability
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Optimal strategies

acquisition
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Three strategy axes
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Optimal strategies
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Optimal immune systems
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Optimal immune systems
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Conclusions

response:
* identify responding clonotypes

* observe selection on standing variation

optimal immunity:
* known immunity from evolutionary constraints

* depends on environment statistic
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