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TCRMatch

TECHNOLOGY AND CODE article - front'ers
Front. Immunol., 11 March 2021 | https://doi.org/10.3389/fimmu.2021.640725 in Immunology

TCRMatch: Predicting T-Cell Receptor Specificity
Based on Sequence Similarity to Previously
Characterized Receptors

William D. Chronister', Austin Crinklaw™, x Swapnil Mahajan’, Randi Vita’, Zeynep Kosaloglu-
Yalgin, Zhen Yan!, Jason A. Greenbaum?, “ Leon E. Jessen?, Morten Nielsen?2?, Scott
Christley?, E# Lindsay G. Cowell?, Alessandro Sette'° and Bjoern Peters'*"

o« TCRMatch is publicly available on IEDB-AR and as a
downloadable standalone command-line tool

2021 IEDB User Workshop



Background

e MHC molecules present antigens (Ag) for recognition by T cells

Rosati et al. 2017
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Rosati et al., 2017

e V(D)J recombination generates a vast diversity of TCRs

e Each chain features 3 complementarity determining regions
(CDRs)
- CDR1, CDR2, CDR3
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Background

e Repertoire sequencing

produces TCR chain TCRB mRNA
seguences
e CDR3B regionis
extremely important:
o Interacts with Repertoire sequencing
i ASSIRSSYEQY
epltope ASSLEGYTEAF
. ASSSANYGYT
o Most variable ASSIRAAETQY

ASSIRSSTEAF
ASSSRSSYEQY

Rosati et al. 2017
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Background

e Repertoire sequencing
produces TCR chain
seguences

e CDR3B regionis

e e L]

CORIp |

CDR

TCRB mRNA

TCR sequencing does not directly reveal the epitope

recognized by a given CDR3p.
But:

We can use known CDR3B-epitope pairs to make

epitope predictions for CDR3[s.
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TCRMatch

e Goal: Build a tool that searches input CDR3Bs against IEDB for
similar sequences (“matches”) with known epitope specificity

o Underlying principle: Similar CDR3[ seqs often recognize the same
epitope

o Dataset: 24,678 CDR3p sequences and corresponding epitopes
(IEDB)

e Similarity algorithms tested:

1-4. Alignment-based methods

5. Levenshtein distance (edit distance)

6. TCRdist

7. TCRMatch score (Shen et al., 2012; Wong et al., 2019)
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TCRMatch algorithm

e Uses BLOSUMG62 to calculate similarity scores between
sequences
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TCRMatch algorithm

 Compares two sequences using all possible k-mers
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TCRMatch algorithm

 Compares two sequences using all possible k-mers
ASSSANYGYT
ASSIRAAETQY
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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 Compares two sequences using all possible k-mers

TCRMatch algorithm

-3
=3

LKMFPSTWYWV

-1 -1 -18=2) -1 1 OEsie-2| 0

=2 2 -1pEs-2 -1 -1gEs-2
=3

=il
-3
-3

-2
2 0

A RNDTCOQETGH
4 -1-2-2 0-1-10
-1J8S5 Of=2@E 1 0

3 0 0 0 1

A
R

ASSSANYGYT

-2

=3)
-1
-2
-2

=2
=2
=il
2

=2
-2
=2

= 2 10

3 0

-2 0 6 1

N

=2
=3
1

-2

2 2
=2}

§2 -1

SIS D
ol < [ololol - I
o Rlad
- ° °
N - Rl
N BEGE [©
-G
31,31..-342
“H ° °
o R |
o~ 257_.033
ol ~ o o Bl
393-331_1_.
S IR |
12...00012_43
o RG] B
RS S
OO0OCWOT—2

ASSIRAAETQY
(and so on for k

=1)

B -1 0 -18=27-2
-2 Al =l

=il

102 0 -1 1 182 -1EE-20N5
=il -3 -1 0 B 2 1 2

K
M

=il =1

&2 -1 5 0

-2

-1

-1 10-1000-1-2-220-1-2-1413-2-2
-1 0 =il §4 1 -1 -1EE2 -11 1 SEo)

1
0

w3344 2232-23-23-1 143211 23

S
T

-2 0

-1

-1 -1 e

-1

B 2 2 2j -1
=2

—1'

=2 2 2@Esl =D -10o@Es 2 -1 -18-2
B -1 -2 28

Y
\'

1 -1 2 0 -3 -1 4

B 3 1

0

16

2021 IEDB User Workshop



 Compares two sequences using all possible k-mers

TCRMatch algorithm

P S TWYWV

L KMF

A RNDTZCOQEGH

3 -2 0

-3 -2
-2
=2
=2
=il

2 -1 10
-2

-3
=3

il =il =il =il
=il
=

-3
-3

4 -1-2-2 0-1-10-2
-1S o2 2 0

A
R
N

ASSSANYGYT
ASSIRAAETQY

=3
=3
=3)
-1
-2

-1

g2 2 =il

-3 10

3 0 2 10

3000 1
D 221630 2---3-4-1/33-10-

-2 0 6 1

=2
-2

3 -1-1-3-1-2-3-1-1
3 3 -1 0 -1

-3 -3

0333 9
1100

E -1 00 24252033
5

[+
Q

2 0 2 10

-3 5 2

- o~

2 -2 6 -2
3 00

=il
=il
-3

0-2 0

G

=3

R -10-2| -10=2 -18=20-2) 2
3 4 2 B2 -1
3 2 4 B2 -1
=il
=il

-2 8

2 0 1

1
=1 !
-2

=2}
-2
=2
-1

3 10
2 2 0

-3 3

=il

5 5
L -1-2-34-1-2-3

=il

-2

3-10
-2

=il

102 0 -1 1 182 -1EE-20N5
=il -3 -1 0 B 2 1 2

K
M

=il =1

&2 -1 5 0

-2

-1

111 0 -1 0 0 0 -18202| 0 -15-2 -1[04 18 -20=-2
-1 0 =il §4 1 -1 -1EE2 -11 1 SEo)

1
0

w3344 2232-23-23-1 143211 23

S
T

-2 0

-1

-1 g

-1

-1

B 2 2 2j -1
=2

—1'

=2 2 2@Esl =D -10o@Es 2 -1 -18-2
B -1 -2 28

Y
\'

1 -1 2 0 -3 -1 4

B 3 1

0

17

2021 IEDB User Workshop



TCRMatch algorithm

 Compares two sequences using all possible k-mers
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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TCRMatch algorithm

 Compares two sequences using all possible k-mers
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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TCRMatch algorithm

 Compares two sequences using all possible k-mers
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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 Compares two sequences using all possible k-mers

TCRMatch algorithm
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TCRMatch algorithm

 Compares two sequences using all possible k-mers
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TCRMatch algorithm
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e Ultimately, a score between O and 1

e Perfect match=1
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Evaluating performance of TCRMatch

Threshold for match:

Input sequence

ASSIRSAGELF

0.90 or above
/ (iy w 0.88

ASSIRAAGELF

ATSSRQAGKLF

ASSIRSVGEQY

ASSIGIGEAF
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Evaluating performance of TCRMatch

Input sequence

ASSIRSAGELF
Threshold for match:

0.90 or above

ASSIRAAGELF ATSSRQAGKLF ASSIRSVGEQY
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Evaluating performance of TCRMatch

Input sequence

ASSIRSAGELF
Threshold for match: E1, E2, E3

0.90 or above

ASSIRAAGELF ATSSRQAGKLF ASSIRSVGEQY
E1, E4 ES E1, E4
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Evaluating performance of TCRMatch

Input sequence

Threshold for match: @ @

0.90 or above

ASSI A GELF ATSSR AGKLF ASSI SV EQY

E9E)

2021 IEDB User Workshop



Evaluating performance of similarity metrics

e For all metrics, 16—
. . Method
precision tends to .
. | Alignment Score
decline as recall \ Identity Alignment
. “ Identity Long
INCreases 0.759 & & Identity Short
“ Levenshtein
8 TCRdist
e All metrics 2 o _ TCRMatch
outperform o 2 E N
random model o g DR\
0251 & B
Average performance using ~ .
randomized dataset I . o uti e S ‘t“\"_’r“ .
0.00 -
0 IOO 0 I25 0.I50 0 I75 1 lOO
Recall
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Evaluating performance of similarity metrics

e TCRMatch
outperforms
other metrics

Method AUC
(0.5)
TCRMatch 0.241
Identity Long | 0.182
TCRdist 0.224
Alignment 0.227
Score
* p<0.01
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| : Alignment Score
I Identity Alignment
| Identity Long
0.751 1 | Identity Short
| Levenshtein
= | [ TCRdist
.% i i TCRMatch
‘G 0.50 i 1
< " ]
& I > I
l i
0.254 B —_ [
I .
0.00 0.25 0.50 0.79 1.00
Recall
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Testing performance on independent

dataset

Dataset published by

10x Genomics
3,218 CDR3p seqs
18 epitopes

©)

©)

232 CDR3ps had
exact matches in the
IEDB

o 171 recognized
same epitope

(73.7%)
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Precision

1.00- Method
Alignment Score
Identity Alignment
“ ldentity Long
0.754 » ldentity Short
Levenshtein
@ TCRdist
: TCRMatch
0.50
*
s
v ,
0.00 1
0.00 0.25 0.50 0.75 1.00
Recall




TCRMatch demonstration

2021 IEDB User Workshop

36



TCRMatch demonstration

Home  Help | Example | Reference Download | Contact

TCRMatch

Input Parameters
Parameter

threshold >=

- Results

Value
0.97

Input sequence(s)

ASSLAPGATNEKLF,ASSLEGYTEAF,ASSSANYGYT

Trimmed sequence(s)

ASSLAPGATNEKLF,ASSLEGYTEAF,ASSSANYGYT

Download result (]

Show entries Search: |
Input Sequence Matching Sequenceqy Match Receptor ID(s) S Score Epitopes % Source Organism 5 Antigen —
ASSSANYGYT ASSSANYGYT 1983 1.00 NLVPMVATV Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASSSANYGYT 30282 1.00 NLVPMVATV Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASSSANYGYT 34645 1.00 NLVPMVATV Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASSSANYGYT 120671 1.00 QELIRQGTDYKHW SARS-CoV2 nucleocapsid phosphoprotein [Severe acute respiratory
syndrome coronavirus 2]
ASSSANYGYT ANSSANYGYT 12819 0.98 NLVPMVATY Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASASANYGYT 12831 0.98 NLVPMVATV Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASASANYGYT 26718 0.98 NLVPMVATV Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASSANYGYT 12883 0.97 NLVPMVATY Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
ASSSANYGYT ASSASNYGYT 75415 0.97 TVLSFCAFAV SARS-CoV2 orf1ab polyprotein [Severe acute respiratory syndrome
coronavirus 2]
ASSLEGYTEAF ASSLEGYTEAF 1994 1.00 NLVPMVATV Human herpesvirus 5 (Human HCMVUL83
cytomegalovirus)
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Summary

* TCRMatch is an efficient way to find similar TCR
sequences curated in the IEDB with known
specificity

* It can be used in tandem with TCR clustering tools
(e.g., GLIPH2) to determine likely epitopes for TCR
repertoire sequences

* It is not trained on specific epitopes, making it
unbiased and generalizable
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Future Directions

 TCRMatch will improve in utility as IEDB continues
to gather high quality TCR-epitope data

* Planned improvements for “TCRMatch 2.0”:
* Enable paired CDR3a-CDR3p analysis

* Improve performance

 Add MHC data to output

* Provide more information about each match

* Implement enrichment scores in output
* Boost signal-to-noise ratio

2021 IEDB User Workshop
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TCRMatch Links:

Web server: tools.iedb.org/TCRMatch/
Github: github.com/IEDB/TCRMatch
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