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How are TCRs formed?
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Multiple rearrangements?

*Up to 30% of T cells contain two in-frame a-recombinants (dual Q)
* Only 10% of T cells express both

* Up to 2-10% contain two in-frame B-recombinants (dual (3)
* Only 1-3% of T cells express both




Identifying TCRs: PairSEQ
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Identifying TCRs: PairSEQ
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T cells are distributed across TCR pairs are identified
. Barcoded cDNAs .
a 96-well plate and assigned R by finding sequences
well-specific barcodes. d 9 | that occupy the same wells.



Benefits

1. Can identify hundreds of thousands of TCRs
2. Uses existing high-throughput sequencing technologies




Questions

1.1s it possible to identify entire clones, not just pairs?

2.Can clone recognition be done efficiently?
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ALPHABETR

A T cells are sampled onto 96-well B cDNA libraries are created C Unpaired CDR3a and CDR3p are
plates at 10-300 cells/well from each well with RT-PCR sequenced in each well
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1. Many sequences appear in the same
subset of wells.
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O CAGATGATCTCAATCTCTTGACCTCATGATC TGCCCACK)

®@® RO TRTTTTTCTRTY * These aren’t uniquely identifiable!

®@® TCR 0 TCGTATGAGCTTCCATGTG. * Don’t consider sequences directly, match
TCR B MTA(.;GCAACCTACGI"I':QE, . . .

®® AN A AT RGC NGO ANATEA similar well subsets instead
\CARGGGITCCTTCCTICCECTGTCTICAGCARAAGGGY

O@ 2. Modeling dual clones is easy!

OO0 S ——— * All recombinants should appear together
TCR ¢t TCGTATGAGCTTCCATGTG .

O @ TCR [ AATAGGCAACCTACGTTAG most Of the time

88 Caacsomecmomeeeeararneaceaiceo * Known generative probabilities

®® * Up to two recombinants of each type
(TR T IO e LA T AL A TeC AR TR T T T T IO TATT ) . . . . ° .

®® ommeememenend 3, Modeling chain-sharing is difficult!

O] TCR [ ANTAGGCAACCTACGTTAG  Recombinants do not appear together

@ O FACTGGGCCTTTTCANTCATCTACTGCTGTGTAATARCG mOSt Of the time

 Unknown generative probabilities
TCR pairs are identified

by finding sequences  Amount of sharing unknown
that occupy the same wells.
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Our approach

oA

. Construct a complete

bipartite graph where the
nodes are the well sets.
Assign a cost w to each edge
according to the dissimilarity
of the connected nodes.
Assign a capacity c to each
node according to the
number of sequences in the
corresponding well set.
ldentify a b-matching.
Output b-matching edges
connecting uniquely
identifiable well sets.



Identifying duals
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sets that are similar.
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Identifying duals
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sets that are similar.
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Identifying duals

1. ldentify pairs of beta well
sets that are similar.
DN 'l{/Z > 2. Create a new beta well set
\ corresponding to the union
\
A /\’( ' / of the two individual beta
7 ' ' well sets.
. o
/0 3. Add this new well set to the
. graph as another node.

4. Repeat for alphas.
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Identifying duals
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. ldentify pairs of beta well

sets that are similar.

Create a new beta well set
corresponding to the union
of the two individual beta
well sets.

Add this new well set to the
graph as another node.
Repeat for alphas.

Run b-matching procedure
as before.



ALPHABETR Simulator

* Models PairSeq experiments
* Number of clones, ~1000
* Number of wells, 96 and 480
* Dual alpha and dual beta rates, 0.3 and 0.06
* Proportion of chains shared
* Has a few shortcomings:

* Does not model T cell maturation, e.g. dual beta vs. dual alpha reuse
* |s not real data.



Results - 480 wells

Clone identification (W=480, with sharing) Pair identification (W=480, with sharing)
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Results - 96 wells

Clone identification (W=96, with sharing)
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Results - Dual alphas

Dual alpha identification (W=480, with sharing) Dual alpha identification (W=480, without sharing)
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Results - Running time

Running time (W=480) Running time (W=96)
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Results - b-matching dual identification

W =480

PPV With sharing Without sharing TPR With sharing Without sharing
Dual alpha Dual alpha

Dual beta Dual beta

Dual dual Dual dual

W =96

PPV With sharing Without sharing TPR With sharing Without sharing
Dual alpha Dual alpha

Dual beta Dual beta

Dual dual Dual dual




Future work

Incorporate chain-sharing into b-matching model.
Run b-matching procedure on real PairSeq data.
Generate and analyze larger datasets using ALPHABETR simulator.

=

Implement original PairSeq binomial model to analyze datasets.




Questions?




