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1. BpoxaoeHHbIn
2. AJanTuUBHbIV



AJANTUBHbBIV UMMYHUTET

T cells destroy infected cells B cells secrete antibodies
to eradicate intracellular pathogens. to attack extracellular pathogens
(Some bacteria, all viruses) (Most bacteria)

Y'Y
vY

The colors of the receptors indicate specificity: each can bind fo one specific
antigen. Adaptive immunity can only attack targets that it has prepared for.

Virus-infected cell
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[Tpumep TCRbeta

> V: TRBV4-2 => TGTGCCAGCAGCCAAGA
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[Tpumep TCRbeta

> V: TRBV4-2 => TGTGCCAGCAGCCAAGA
> D: TRBD2 => GGGACTAGCGGGGGGG

> J: TRBJ1-1=> AGCACAGATACGCAGTATTIT
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[Tpumep TCRbeta

V: TRBV4-2 => TGTGCCAGCAGCCAAGA
D: TRBD2 => GGGACTAGCGGGGGGG

J: TRBJ1-1 => AGCACAGATACGCAGTATTTT
o (red nucleotides are deletions)

TCR=V+D+J+ins+dels=
TGTGCCAGCAGCCAAGCTGGCTAGCGGGGAGAAGA
TACGCAGTATTTT
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Cenekumga (Bc)
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Read.count
81516
46158
32476
30356
27321
23760
22232
20968
20603
17429
16363

Kak BbIrMaaaT AaHHbIE

Read.proportion

0.05780195845
0.0327300652
0.0230283288
0.0215250631
0.0193729822
0.0168479213
0.0157644354
0.0148681487
0.0146093317
0.0123586877
0.0116028003

CDR3.nucleotide.sequence

TCTGCCACCAGCCAACCTCTAGCCGCACCAGATACCCA. ..
TCTGCCACCAGCTTAGCCCCCACGAACACCGCGCACGCT. ..
TCTGCCACCAGTTATGCACCCGCCCCAGATACCCAGTA. ..
TCCAGTCCTGCAGCCATTCAAACCTCCTACAATCAGCA. .

TCTGCCACCTCACCCATCTTAGGCCAGCAGTTCTTC
TCTGCCACGCAAAAAAGACACCCACTATCCGCTACACCTTC

TCTGCCACCAGCCAACAGCGATCTGCAAACACCATATA. .

TCTGCCAGCAGTTTAGCTCTTCACTACCAGCACTACTTC

TCTGCCAGCAGCCCTGCCAGCTCCTATAATTCACCCCTC. ..
TCTGCCAGCAGTTACCTGGGACCGCACGACACTCAAGC. ..
TCTGCCATCAGTCGAACCTCCTACCCCGGCCGATGCOGGG. ..

CDR3.amino.acid.sequence
CASSQALACADTQYF
CASSLGPRNTGELFF
CASSYGGAADTQYF
CSAGGIETSYNEQFF
CASSPILGEQFF
CASKKDRDYGYTF
CASSQQUCSCNTIYF
CASSLGLHYEQYF
CASSRASSYNSPLHF
CASSYLGPDDTEAFF
CAISERGSGADGGEQFF

V.gene
TRBV4-2
TRBV13
TRBV12-4, TRBV12-3
TRBV20-1
TRBV1S8
TRBV6E-5
TRBV?7-2
TRBVZ28
TRBV3-1
TRBV6-5
TRBV10-3

J.gene

TREJ2-3
TRBJ2-2
TREJ2-3
TRBJ2-1
TREJ2-1
TRBJ1-2
TREJ1-3
TRBJ2-7
TREJ1-6
TRBJ1-1
TRBJ2-1

D.gene
TRBD2

TRED1, TRB...

TRBD2

TREBD1, TRB...
TRBD1, TRB...

TRED1
TRED1

TREBD1, TRB...

TRBD2

TRED1, TRB...

TRBD2



Occupied homeostatic space, proportion

Clonal space homeostasis
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Small (1e-05 < X <= 1e-04)
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Summary proportion of the top N clones
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Read.count
51861
47394
42929
27382
26226
20837
20286

Read.count
51721
22218
158847
17331
17138
16247
13646
15041

Read.proportion

0.0065564598
0.0059917251
0.0054272432
0.0034617339
0.0033155881
0.0026342907
0.0025646313

Read.proportion

0.0100301461
0.0043086906
0.0036549596
0.0033609648
0.0033235367
0.0031507470
0.0030341963
0.0029168699

CDR3.nucleotide.sequence
TCTGCTOTCATOCATAGCAACTATCACGTTAATCTGE
TGTGCTOTCAGACGATAGCAACTATCAGT TAATCTGG
TCTGCTTATACGCAGCGCCGAACTTCAACAAATTTTACTTT
TCCCTCOTEOOTCACAATACGCAACTATCACTTAATCTCG

TOTOTGCTCACATTCCACACACCCTCAACCCTCOOGAL. .

TOTGCTOTCAACCATACCAACTATCACGTTAATCTGG
TOTGCTOTCATCCATACCAACTATCACGTTAATCTCG

CDR3.nucleotide.sequence

TCTCCTOTCAGGCCAGGAGGAACCTACATACCTACATTT
TCTETGOTCACCCACAGAGGETCAACCCTOOOCACCLE. .
TCCCTCOTOOOTCACGETTATCAAACTCOGOCAAACAA, |
TCTGCTOTCAGGCCLCAGOGOGCATCTCAAAACCTGG. .

TOTGCTOTCACACATACCAACTATCACT TAATCTGG
TCTGCTOTCATOCATACCAACTATCACTTAATCTCO
TOTGCAGCAAGGGCACTCAACTTC
TCCATCOTCACGOTCCACTACAACCTCAGCTTT

CDR3.amino.acid.sequence
CAVMDSNYQLIW
CAVRDSMNYQLIW
CAYRSAMFNEFYF
CLYGDNSNY QLW
CVVRFDRGSTLGRLYF
CAVEDSNYQLIW
CAVMDSNYQLIW

CDR3.amino.acid.sequence

CAVRPGLSYIPTF
CVWSDROSTLGRLYF
CLVCGDAYQTGANMLFF
CAVRPQGGSEKLVE
CAVRDSNYQLIW
CAVMDSNYQLIW
CAARALNF
CIWVEVDYKLSF

V.gene
TRAWV1-2
TRAV1-2
TRAVIE-2/DVE
TRAV4
TRAV1Z2-1
TRAV1-2
TRAV1-2

V.gene
TRAVZ1
TRANV1O
TRANS
TRAVZ1
TRAV1-Z
TRANV1-2

TRAVZS/DVS

TRAVZE-1

J.gene

TRAI3I
TRAII3
TRAJZ1
TRAJZI
TRAJLE
TRAIZ3
TRAII

J.gene

TRAJG

TRAJLE
TRAJI6
TRAJS7
TRAJ33
TRAJ33
TRAJ41
TRAJ2O



CpaBHEHMEe penepTyapos




CpaBHEHMEe penepTyapos
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CpaBHEHMEe penepTyapos
twb - (ave)-intersection
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CpaBHEHMEe penepTyapos

XY
min(|X],1Y])

overlap(X.,Y)=



C
PaBHEHWEe penepTyapoB
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YncneHHOCTbL PUAOE B OTCOPTUPOBAHHOM penepTyape
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YncneHHOCTbL PUAOB B OTCOPTUPOBAHHOM penepTyape
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OueHka pasHoobpasnA

H(X) = ZP z;) I(z;) = ZP z;) log, P(z;)
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OueHka pasHoobpasnA

H(X) = ZP z;) I(z;) = ZP z;) log, P(z;)

R 1/(1—q)
=1




Clones

OueHka pa3Hoobpasung

Rarefaction analysis
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CpaBHeHMe gene usage
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CpaBHeHMe gene usage

H(X) = ) P(ai)I(@:) = - Y P(a:) log, P(a:)

= 1) lo P
D (PIQ) = 3 P(i) log 5

1 1
JSD(P | Q) = 5D(P || M) + 2 D(Q || M)
where M = %(P + Q)
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CpaBHeHMe gene usage

VJ-usage: Principal Components Analysis
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Statistical inference of the generation probability
of T-cell receptors from sequence repertoires

Anand Murugan?®, Thierry Mora®, Aleksandra M. Walczak®, and Curtis G. Callan, Jr24"
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BeposaTHocTHasg moaesns V(D)J
- PEKOMbBUHALNN
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BeposaTHocTHasg moaesns V(D)J
- PEKOMbBUHaLUMI
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Quantifying selection in immune receptor repertoires

Yuval Elhanati®, Anand Murugan®, Curtis G. Callan, Jr.®", Thierry Mora®, and Aleksandra M. Walczak®
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Moaenb TUMNYECKOU Ccenekumnm
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Y10 Xe ganbwe?

> YucTble gaHHbIE M XOpoLUne anropuTMbl

> CeKkBeHnpoBaHue
o bonbwaga rnybuHa
o bonblee pasHoobOpasue
o bonblue eHOTMNOB KNeToK

> AaeKBaTHadA MaTemMaTukKa.

O BepOFITHOCTHOG onncaHue npoLueccoB u

cTaTUCTUKA
o MawunHHoOe 0by4yeHune
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