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MawmnHHoe oby4yeHune B
MMMYHOJIOTUN N MeAULIMHE

[1aHHble B UMMYHOIOTUK U MeaununHe. PaboTa ¢ npusHakamm



PenepTyapbl aAanTUBHbIX UMMYHHDbIX peLernToposB

Polyclonal naive T cell Oligoclonal antigen Antlgen
repertoire experienced T cell repertoire
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TCR npepcTaBnset cob60M YHUKaNbHbIN MAEHTUDMKATOP KIIOHOB T-KNETOK 13-3a HU3KOW BEPOSATHOCTM
ero c60pku BO BTOPOM T-KNIETKE Yy TOr0 XKe YenoBeKa.

YBenunueHne 4yactoTbl crneynduyecknx TCR MOXET CNY)XMTb MoKas3aTefieM aHTUreHcneungpuyeckmx
MMMYHHbIX peakLus U COOTBETCTBYHOLLEN KJIOHANbHOW 3KCcnaHcuu T-kneTok ¢ Takum TCR.



NMannnanH o6paboTKN AaHHbIX

VDJtools MiXCR

Raw data
processing i 2 e 48 B- and T-cell
Sequencing data receptor data sets
Alignment with
MiXCR, MiTCR, IgBlast (MiGMAP), AR == > mismatches
MiGEC, IMGT, ImmunoSEQ v D J and indels,
paired- and
\ single-end reads
5UTR L1 L2 FR1 FR3CDR3 FR4
: Intermediate alignments
- Clonotypes available
(O) _ - Identical sequences
are grouped in clonotypes
Post-analysis VDJtools
M Reads with poor
quality are collected ~ ———
— for further mapping
Basic statistics and Repertoire Diversity Data joining and
segment usage overlap analysis clonotype tracking

i ——

Correction of PCR and sequencing errors

Final clonotypes extraction

VDJViz
into a tab-delimited file

Repertoire Clonotype filtering Flexible API
clustering and annotation



MiXCR

Cbipble NpPoYTEHUSA BblpaBHMBAKOTCA
pedepeHCHbIM HabopoM nocfiegoBaTesIbHOCTE
ansireHoB V, D u J cerMeHTOB

c
n

NpoeHTuYHble nocnenoBaTesibHOCTM FPYyNNUpYoTCA
B KJIOHOTUNDI

NcnpaensatoTca ownbkn MNLP n cekBeHNMpoBaHus,
pacnpefensroTca NPoYTEHNA C NJIOXUM Ka4yeCTBOM

5’'D'deletion
3'V deletion ¥
TRBV7-9
GGG A G A TG G T G CR G AN GIRCA
EGHCEC! G FEEGETH 7 e CETEGETEGECICTA NGNS
5 4 N VD insertion

Sequencing Error

B- and T-cell
receptor data sets

Alignment with

mismatches

5UTR L1 L2 FR1

and indels,
paired- and
single-end reads

FR3CDR3 FR4

Intermediate alignments
available

Reads with poor
quality are collected
for further mapping

Identical sequences
are grouped in clonotypes

Final clonotypes extraction
into a tab-delimited file

3’D deletion

TRBD2 5'd. deletion

DJ insertion

Correction of PCR and sequencing errors

TRBJ2-2
GGG CCGGGGAGCT
5 GG ARG G o ol cs cll ol o - W ol @

Sequencing Primer



PenepTtyapbl aHTUreHHbIX pPeL,enTopoB

Kakne npuaHaku Mbl MOXEM NONy4nTbL?

1.  HykneoTtuagHas nocnegosatenbHocTb CDR3
2. benkosas nocnepoBatenbHocTb CDR3
3. Wcnonbsyemblie VDJ cermeHTbl

CDR3B
=25
Vs Dyidss G

_(_-_ I—-—)— ~620 kb

Jp713 Cpz

TRBV7-9

SN q ] 2 G GR GG PAT GG R R T T G G

J: GUCEACEC. GIGETIC AT CIGECET: CGCAGTAGG GRS T ST R T G G

5 VD insertion DJ insertion 3 - =
§muen£9 Error Sequencing Primer

Statistical inference of the generation probability of T-cell receptors from sequence repertoires



https://www.pnas.org/doi/10.1073/pnas.1212755109

PenepTtyapbl aHTUreHHbIX pPeL,enTopoB

Kakne npuaHaku Mbl MOXEM NONy4nTbL?

1.  HykneoTtuagHas nocnegosatenbHocTb CDR3
2. benkosas nocnepoBatenbHocTb CDR3
3. Wcnonbsyemblie VDJ cermeHTbl

CDR3p
=25
Vs Dyidss G

Dg1 Jprs Jp713 Cpz

cloneCount cloneFraction targetSequences allVHitsWithScore alIDHitsWithScore allJHitsWithScore allCHitsWithScore aaSeqimputedCDR3
0 2820 0.194617 TTTCTGCTGGGTGCGACAGGCCCCTGGACTCGGACTCGAGTGGAT,...  IGHV1-69*00(90.3) IGHV1-69D*00(89.3)  IGHD7-27*00(35),IGHD3-16*00(30) IGHJ5*00(54),IGHJ4*00(53) IGHG1*00(155.3),IGHG3*00(141.4) CARDLNRPIALGDVHW
1 126.0 0.086957 CCGAAACTGGGTCCGCCAGCCCCCAGGAAAGGGGCTGGAGTGGATT.., IGHV4-34*00(197.6) IGHD6-19*00(60) IGH14*00(54.2) IGHG3*00(21.7) CATDSSSGWYW
2 116.0 0.080055 AACCCACACAGACCCTCACGCTGACCTGCACCTTCTCTGGGTTCTC... IGHV2-5*00(144.1)  IGHD7-27*00(50),IGHD5-24*00(45) IGHJ4*00(67.5) IGHM*00(89.7) CVYNYWGSSLDYW
3 95.0 0065562  TGGTACAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGG.., IGHV3-23*00(156.2) IGHD2-21*00(54) IGHJ4*00(69.7) IGHG1*00(112.9),IGHG3*00(104.1) CAKDRDRVVVSANLDYW
4 70.0 0.048309  CGTGGTACAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCT... IGHV3-43700(242.8) IGHD4-23*00(50),IGHD4-17*00(45) IGHJ6*00(53.7) IGHG1*00(28) CAKDSNYGGYYYGMDVW

Sequence analysis of T-cell repertoires in health and disease



https://genomemedicine.biomedcentral.com/articles/10.1186/gm502
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D Medium (0.001 < X <= 0.01) scRepertoire: An R-based toolkit for single-cell immune receptor analysis



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7400693/

CpaBHeHue peneptyapoB TCR Mexay o6pasyamum

MonynsapHble MeToabl: T-cell repertoire analysis and metrics of diversity and clonality

Sgrensen-Dice

Jaccard

) Intersection
Intersection

2 X

Jaccard index Sorensen index


https://www.sciencedirect.com/science/article/pii/S0958166920301051#fig0020

Patient 2 Patient 3

P1

[NepekpbiBaHMe penepTyapoB

CD8*T Cells

CD4*T Cells

0.10
0.05

Overlap
Coefficient

PB T PB T PB

Patient1 Patient2 3

PB T PB T PB
Patient 1 Patient2 3

scRepertoire: An R-based toolkit for single-cell immune receptor analysis

PB - peripheral blood
T -tumour



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7400693/

KnoHanbHOCTb U pa3Hoobpa3ue

_ Diversity

Clonality

Chao1 index
2 S, - UMCno BMAOB B BblGopKe
S] = Sobs+ ' F, - 4MCNO CUHINTOHOB
2 F_; F, - uncno [abnToHoB

Shannon-Wiener index

S p; - Aons npeacTaBuTeNen ogHOro BMaa
H' =" (p)(n p)

i=1
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YTO0 elle MOXHO AenaTb C penepTtyapaMv aHTUIreHHbIX
peuenTopoB?
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https://www.immunoinformaticsjournal.com/article/S2667-1190(22)00001-5/fulltext
https://www.immunoinformaticsjournal.com/article/S2667-1190(22)00001-5/fulltext
https://www.immunoinformaticsjournal.com/article/S2667-1190(22)00001-5/fulltext

Ucnonb3oBaHue AaHHbIX O penepTyapax aganTUBHbIX
MMMYHHbDIX peL,enTopoB COBMECTHO C JaHHbIMMU
aKCnpeccumn reHoB
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scRepertoire: An R-based toolkit for single-cell immune receptor analysis



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7400693/

UMAP

Compute a graphical representation Learn an embedding that preserves
of the dataset the structure of the graph



Ucnonb3oBaHue faHHbIX O perniepTtyapax aaAanTUBHDbIX
MMMYHHDbIX peLlentTopoe COBMeCTHO C AaHHbIMU

aKCnpeccumn reHoB
A. B.
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Recent advances in T-cell receptor
repertoire analysis: Bridging the gap with
multimodal single-cell RNA sequencing



https://www.immunoinformaticsjournal.com/article/S2667-1190(22)00001-5/fulltext
https://www.immunoinformaticsjournal.com/article/S2667-1190(22)00001-5/fulltext
https://www.immunoinformaticsjournal.com/article/S2667-1190(22)00001-5/fulltext

BeposiTHocTHass mopgenb c6opku TCR

P(scenario) = P(V)P(J|V) P(D|V,J)P(delV|V)
P(delJ |J) P(delD5'|D) P(delD3'|delD5’,D)
InsVD

P(insVD) H P(n:|n

InsDJ

x PinsDJ) ] P(m;In;_y)
i

Statistical inference of the generation probability of T-cell receptors from sequence repertoires



https://www.pnas.org/doi/10.1073/pnas.1212755109

ALICE (Antigen-specific Lymphocyte Identification by
Clustering of Expanded sequences)

® » @)
ity ALICE o
algorithm 4
Several clusters of Multlple similar TCR Identifying TCR with more
public TCR recognize the antigen neighbours than chance

Nwem oboralleHHble KJIOHbI B penepTyape, MCNoJfib3yss CUHTETUYECKMIA penepTyap B KayecTBe 63aKrpayHaa



PenepTyapbl aHTUreHHbIX peuenTtopoB: featurization

Pa6oTa: DeepTCR is a deep learning framework for revealing sequence concepts within T-cell repertoires

3apgayva: knaccupukaums TCR (Hanpumep, aHTUreHHas cneunduUHocTb) unu perpeccus (aphbuHHOCTb

CBA3bIBaHMSA) TCR Featurization Block

APC's

Featurization:
1. CDR3
nocnenoBaTeNbHOCTU
a v fuenn TCR

A(-
e .

v o’ Classification
2. VDJusage B rean
[ SRl =
VcnonbayeTtcs ambeaauHr w e | Regression

Sequence Motifs
T a0\

.‘.QO_._.Q‘.‘,.......“..O...”,".O

T-Cells


https://www.nature.com/articles/s41467-021-21879-w.pdf
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PenepTyapbl aHTUreHHbIX peuenTtopoB: featurization

Pa6oTa: DeepTCR is a deep learning framework for revealing sequence concepts within T-cell repertoires

3apaya: nonyyeHue npegcrasnieHnit TCR
Variational Autoencoder

T DeepTCR’s TCR Featurization Block TCR Reconstruction
Featurization: P )i i
1. CDRS3 fecs ) ( |
VDJ Gene Usage 8
I'IOCJ'IeD,OBaTeJ'I bHOCTU K VDJ Gene Usage
S
a v uemm TCR o e . T
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apc el o
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CDR3 Sequence Joint Latent Representation


https://www.nature.com/articles/s41467-021-21879-w.pdf

NMpeackasaHue appuHHOCTU cBA3bIBaHUA MHC:6enok

Pab6ota;: NetMHCpan, a method for MHC class | binding prediction beyond humans

3apayva: Npeackasanue adhPuHHOCTU anis nobdon napbl nentua.MHC

One Hot Encoding BLOSUM Encoding Embedding
Featurization:
1. One-hot koanpoBaHue | af] R ) | ] 5 ) 0 O ) ] ) 0
2. BLOSUM kogupoBaHue il Ll K | e K | ] d d IGS s
3. MpeacTtaBneHne Monekynbl MHC B Buge JEIEAEIRS | R hdk ol e il b B
I'ICQB,D,O'I'IOCﬂeﬂ,OBaTeﬂbHOCTGI?l ojlo|1]..]o0 é 21 |-3 1 § 21|15 |-33] ... |-1.9
0 0 0 0 E 2 2 -2 2 ; 13|36 | 71 . | 42



https://link.springer.com/content/pdf/10.1007/s00251-008-0341-z.pdf

Ucnonb3oBaHue pusnyeckux xapakrepuctuk TCR

Pa6oTa: On the feasibility of mining CD8+ T cell receptor patterns underlying immunogenic peptide
recognition

3apayda: PacnosHaBaHue komnnekca nentna.MHC TCR

Featurization:

1. CDR3 Shannon-Wiener diversity

2. pnunHa nocnepoBatenbHocTn TCR CDR3

3. obwasa macca aMUHOKUCIIOT B
nocnepoBatenbHocTu CDR3

4. cpeaHsas OCHOBHOCTb, rMApPO(pO6HOCTD,
nsoanekTpunyeckas Touka CDR3

5. dunsnyeckme xapakTepucTmku
NHANBUAYaNbHbIX aMUHOKUCOT

na ot6opa NpM3HaKoB
ncnonbayetcsa Boruta


https://link.springer.com/article/10.1007/s00251-017-1023-5
https://link.springer.com/article/10.1007/s00251-017-1023-5

Boruta

TeHeBble NMPU3HaKun

age height weight income age height weight shadow_age shadow_height shadow_weight
0 25 182 75 0 20 0 25 182 75 51 176 75
1 32 176 71 1 32 1 32 176 71 32 182 71
2 47 174 78 2 45 2 47 174 78 47 168 78
3 51 168 72 3 55 3 51 168 72 25 181 72
4 62 181 86 4 61 4 62 181 86 62 174 86

I/IsmepeHme Ba>XXHOCTU NMPpU3HaKoB OTHOCUTEJIbHO MNMOopoOora

age height weight shadow_age shadow_height shadow_weight age height weight
. >
o,
feature importance % 39 19 8 1 14 9 hits (in 20 trials) 20 4 0
hits 1 1 0 - - -

Boruta Explained Exactly How You Wished Someone Explained to You



https://towardsdatascience.com/boruta-explained-the-way-i-wish-someone-explained-it-to-me-4489d70e154a

Boruta

° Vl3mepeHV|e Ba>XHOCTU NMPMN3HAKOB OTHOCUTEJIbHO MOopora

age height weight shadow_age shadow_height shadow_weight age height weight

>

H 0,
feature importance % 39 19 8 1 14 9 hits (in 20 trials) 20 4 0
hits 1 1 0

e Wcnonb3oBaHne 6GUHOMMANIBLHOIO pacnpeaeneHus ass oToopa NPU3HaKoB
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