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Newly emerging and re-emerging diseases
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Response to (re)emerging diseases

ANTICIPATING EMERGING
mnzcnous DISEASE EPIDEMICS

\a\hbmw SW/\&\H The

WE ARE BEGINNING 4 Wltblq.,w pupm B
n V\scuSS\ou QNE@‘ oo WWT

s LEMNme

A\ 7 ‘ T“a(g No Wt Do kNw'

- : anuné petes

DQ- BRL((E A L NS . ) NP' 2 l@‘ DN e [ E WE\:EDO

3 ’ | / L
/ (\ 9 ‘ e, / ¢ P‘OT\A&GE 23 ‘.
W A2 WE (0n
- B, Loy = + Te tlmwm -\’MLNNNEUS(:“] ( ;’?W
% e

I NFSEMATON SYCTENS ‘E;;m‘;f‘;,;v;;;) W”‘xw Smeiie

B W M !wumu%
fon suR NS?NSE

(wkli Lo i

g
N(RASKY WE NED b B3
1?3\\1&\ mﬁ\)ﬂ\\% RN“U‘;’SHEM DRVERS 4

W EMERGENGE 4 AMPUFUMN

o [E‘lmge

50 SWNd the
i WD

0 . e '

e bt P o) Cf)
4 CWART R ININAL , .

MEEKS e ) i Q ML shoe
‘ fupiehy b s
2 v . M%ﬁgi&m ; (\)MM\JNWES \ ((il‘egé;;’\ . W k.;w—v'\”\kw

WUDNGES — . - BT s Rqum_ ONNBEL =+ g
INOEARED b AN, braadm :

V,% o s ot e W o CRUGN sy DWERSE (IEWS

— Cothpelencied.
COMMUNITIES
\I@B World Health Anticipating emerging infectious disease epidemics: an informal consultation drawniive | Drawing
NS Organization 1-2 December 2015, Geneva grpcrecontng | Change



Response to (re)emerging diseases
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The birth of bioinformatics
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Genome assembly Human Genome Project

1990 — 2003
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Immune system = innate (or inherited) +
adaptive (or acquired) immune systems




Adaptive immune system

e Variety of threats to human body is huge and
unpredictable

e (Genome is too small to encode defences
against all these threats

e Immune system has an ability to adapt to
various threats using agents (e.g., antibodies)
that are not encoded in the genome.




Antibodies are agents of the adaptive immune
system

e Antibodies are proteins that bind to an
antigen and cause its neutralization

e Antibodies are not encoded in the
genome directly, but present a result of
somatic genomic recombination

¥ ¥

—V S (o oo

chr 14 (human genome)
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unique for an individual 18
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system

e Antibodies are proteins that bind to an
antigen and cause its neutralization

e Antibodies are not encoded in the
genome directly, but present a result of
somatic genomic recombination

¥

— V

-

e Diversity of antibody genes

chr 14 (human genome)

— v Ve[V HEl— s extremely high
e Set of produced antibodies
— v -0V o s HE—  (antibody repertoire) s

unique for an individual 19



Why are antibodies so versatile if there are
only 55%23x6 VDJ recombinations?

vill Bl

\'J D J
ACGAGCTAGCGGCGA CGAGTCGTATATGAAG GAGCTTGCGCGATGCGA
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Recombination process IS
imperfect and includes many
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e Palindromic insertions

\'J D J
ACGAGCTAGCGGCGA- CGAGTCGTATATGAAGC  GAGCTTGCGCGATGCGA



Why are antibodies so versatile if there are
only 55%23x6 VDJ recombinations?

Recombination process IS
imperfect and includes many
vill b random processes:

e Palindromic insertions
e Segment cleavage

Vv w D , J

ACGAGCTAGCGGCGATCGE TCGTATATGAAGC TGCGCGATGCGA

22



Why are antibodies so versatile if there are
only 55%23x6 VDJ recombinations?

Recombination process IS
imperfect and includes many
vill b random processes:

e Palindromic insertions
e Segment cleavage

\'} D J
ACGAGCTAGCGGCGATCGE TCGTATATGAAGC TGCGCGATGCGA

23



Why are antibodies so versatile if there are
only 55%23x6 VDJ recombinations?

Recombination process IS
imperfect and includes many
vill b random processes:

e Palindromic insertions
e Segment cleavage
¢ Non-genomic insertions

\'} D J
ACGAGCTAGCGGCGATCGCACGTCAGTCGTATATGAAGCATCGGGCATGCGCGATGCGA
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Antibody repertoire sequencing (Rep-seq)

Length: ~360 nt

sequencing read

VDJ from DNA or RNA Error-prone immunosequencing reads
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Antibody repertoire is unique for an individual
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Antibody repertoire is unique for an individual

O \
ﬂ :
frequent VDJ :

recombinations

VDJ sequences are
extremely diverse

If a VDJ sequence is
shared between two
Individuals, it is a likely a
frequent recombination
rather a functionally
Important sequence

We cannot study
antibody responses
just comparing VDJ
sequences



Genomic variations
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Genomic variations
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Genomic variations
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Single Nucleotide Polymorphism (SNP) is
associated with a position in the genome:

e A — both chromosomes have A

e A/ G -onechromosome has A,
another one has G

e G — both chromosomes have G

WD X I
mother ‘s DNA
CH o
father ‘s DNA
JU I« 1 ¥ooowu
1) ” T 2t
SNP
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Altered genes produce altered proteins

Second nucleotide

Single Nucleotide Polymorphism (SNP) is
associated with a position in the genome:

First nucleotide

u c G
UL ucu UAU uGU
Phe Tyr Cys
uuc uce @ UAC UGC
UUA gy | UCA & | Uaa sToP | UGA sTOP
uvue @ | uce UAG STOP | UGG @
cuu ccu CAU ceu
= IS
B (- : %
cuc @ | cce oo | cac cGC |
cuan W | cca CAA = CGA @
CUG ccG cae @& | ceo
AUU ACU AAU T AGU =
Auc U8 | acc aac @ | ace
AUA_ | Aca @ AAA AGA
AUG Nare AA Lys A @
AUG Met ACG AAG AGG
GUU GCU GAU e GGU
GuUC @ Gce GAC GGC
GUA GCA Q GAA coa ¥
GCG cac & | cee

GUG

QLS @ S

AQro0OocCc @O@roc o>

A — both chromosomes have A

A/ G — one chromosome has A,
another one has G
G — both chromosomes have G

Third nucleotide
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Altered genes produce altered proteins

Second nucleotide
U C A G

T UoU T UGU am | U A Gene (coding region)
Phe Tyr Cys
u| wue ucc am | uac ¥ | usc W |c —

UUA @ uca ¥ | UAA sTOP | UGA STOP | A BhAmolSeuIE 1 Sormmongeriyns
UuG UCG UAG STOP | UGG G .-
cuu ccu CAU ceu u , A Y =
cuc g cee cac ™ | coe 4 c »

o C Pro 3

- CUA CCA CAA CGA A 3

°© Gin <}

8 CUG cCG CAG CGG G g

[}

=

2 | Aw ACU AU o [ AGU am |U S

E o | Ave W | acc amc @ | acc § c £
AUA_ | Aca @ ARA AGA e &
AUG Meb | Ace aac & | ace G
GUU GCU GAU o GGU u
GUC GCC GAC GGC c

6l cn @ | cor @ o

GUA GCA GAA = GGA A
GUG GCG cac W | cee G

Single Nucleotide Polymorphism (SNP) is
associated with a position in the genome:

e A —both chromosomes have A

e A/ G -onechromosome has A,
another one has G

e G — both chromosomes have G L




Genome-wide association studies (GWAS)

Patients \

-
Pa/tient DNA
A AIG
Patients 15 10
Controls 2 6 25
a single SNP

bQ
s\
h

.
,;::»ﬁ

Non-patient DNA

P-value (Fisher exact probability
test) = 0.000026
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Genome-wide association studies (GWAS)

Patients ‘ ‘ Non-patients

. | o
AN 7 2 N\ A=
ANy bl
Patient DNA Non-patient DNA
? i

~log1o(P)
10

22

chromosome
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Variants of IGHV1-69 shape Ab response to flu

V D J Hemagglutinin
Flu Virus
IGHV1-69
SR o4 F Titers (= antibody counts) before and after
IGHV1-69*02 54: L Immunization
IGHV1_69*O3 54: F P<0A00;<0|A0f.:i)1=0-4702 P=0.2706 ‘ P=0.2265
ggl ° 100+
IGHV1-69*04 | 54:L T - .
IGHV1-69*14 54: F = " % g3 E
Successful binding to hemagglutinin i :?:::'f: °°°°° ) |
Loss of binding properties N o « > g &



GWAS of antibody responses

Challenges

e A single IG locus includes many
V, D, and J genes. If a single
gene loses functionality, in

Patients \

- ﬂl e § P Non-patients
e o LA YA most cases others can replace
~lad - it
Patient DNA Non-patient DNA
: e Recent studies report a lack of
f associations between genomic

' ! : e : -

. ‘ I T variations outside IG loci and
Dl e N il i adaptive immune responses
3 - pa ~ v @ e (»-ij”_'; EEEEEEEIIIII

e Many other factors (age, diet,

ARTICLE | VOLUME 160, ISSUE 1-2, P37-47, JANUARY 15, 2015 i m m u n e res p O n S eS

Variation in the Human Immune System |s Largely

Driven by Non-Heritable Influences ¢ Feature_s of antlbOdy
Petter Brodin '' « Vladimir Jojic '' « Tianxiang Gao « ... Atul J. Butte « Holden T. Maecker re pe rtOIres go far beyond

Mark M. Davis 2 Show all authors « Show footnotes

- - L
¢ + DOL: hitps//doi.org/10.1016/j.cell.2014.12.020 g enomic variations
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Bioinformatics + immunology = immunoinformatics

| TOAH TVAA-

| He HAK Kyaa, |

| TIPHHECH TO-
He JHAK TO

Go | Know Not Whither and
Fetch | Know Not What

non-coding
variations

cross- and

3D organization self-reactivity

a!lelic. unusual VDJs
diversity
antibody amino acid
dependent content and
enhancement PTMs

7?77
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Bioinformatics + immunology = immunoinformatics

MOAH TYAA‘ Bt

| He gHAK yaa, ¥
MPHHECH TO- |
He ZHAK YTO

Go | Know Not Whither and
Fetch | Know Not What

Error-prone immunosequencing reads
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Bioinformatics + immunology = immunoinformatics
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CDRs represent antigen-binding sites

V/ariable heavy domain

H o

CDR1

CDR2

CDR3
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Anatomy of IGHV1-69-guided response to flu

Two flu-specific Abs: CR6261 FE53
153, F54 153, L54 153, F54 153, L54
:\3 100/ ; ;
o 80
£ 604
e
£ 401
2 201
£ o —— e
Control Ab
IGHV1-69*01 54: F
IGHV1-69*02 54 L a : 10 20 3 0 50 52 60
.................... PR sinssvodunsinsia QOIRY sunisvsn PR usnsciaxn CDR2

IGHV1-69*03

Germline

54: F somatic

IGHV1-69*04

54: L Germline

somatic

IGHV1-69*14

54: F

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIIPIFGTANYA
QVQLVESGAEVKKPGSSVKVSCKASGGPFRSYAISWVRQAPGQGPEWMGGIIPIFGTTKYA

1 ! [N 1 SR
3

QKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCAKHMGYQLRETMDVWGKGT
PKFQGRVTITADDFAGTVYMELSSLRSEDTAMYYCAKHMGYQVRETMDVWGKGT
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Antibody titers vs IGHV1-69 genotype

The titer data suggests that genotype of IGHV1-69 shapes
the response to flu and other V genes do not fully replace
the “bad” variant of IGHV1-69

Titers (= antibody counts) before and after

B O
a8 » . . .
RIS immunization
T NN
9‘?‘ Sl ]
T P < 0.0001 P=0.2706 P=0.2265
(,.f@" o P<00001 _ P=04702 ‘
a3 'y ’/‘,,,\.' . ’ 601 ° 100+
Ty - I 207 -
-\‘.- : z(" v _
) 4 754
e o [ b ° =
div S 154 ° P
: . -
c ® ® = A
= 3 )
% 104 » " o “g
g = 2
5 )
0/ / %eae®® e ® o
~20% of people have L/L SeR, T .
. ° 0+
0- r - T
variants of IGHV1-69 . 5 o &



Bioinformatics analysis of flu response

e Usage of gene G = the
fraction of VDJ sequences
derived from G

e Individual antibody repertoire
can be described as a usage
vector for all existing genes

e \We can compare usage
vectors for F/F, F/L, and L/L
individuals:

T

R

Q—N——-f-'

F =
1

N
A

o
"

|
N
L

Dim2 (6.5%): F and L genotypes

-6 -4 ~2 0 2
Dim1 (8.2%): pre (A)-total and post (B)-vaccine response
Groups + A-FF-tot = A-ll-tot » B-FF-exp + B-LL-exp

Ke, Nouri, Safonova, et al., in preparation
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Linked variations of V genes

A AIG G
C 15 10 8
A/C 6 8 3
A 2 5 17

P-value = 0.00967

Blue group is a set of V
genes associated with flu
response

These genes have linked
variations and perhaps
close specificities

N RSV ECT

IS el B AT

T
T iikelihood = -log , p-value
04 8121620+

C = |ikclihood > 20
mmm |5 <likelihood < 20
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HIV and antibody response

HIV virus

—Glycosylation

]env-Gchoprotein Complex

HIV infects immune cells:
o T cells

e Macrophages
e Dendritic cells

g - i‘r\n !
WHITE BEOOD CELL RED BEOOD CELL
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HIV and antibody response

—Glycosylation

gp120 jenv-Glycoprotein Complex
Protei Host Cell

‘ o S ’. f/ ipi .e rar4|e
. ' ~ ' / Matrix Protein
¥ =\ Y
'I ‘/

HIV infects immune cells:

e T cells
e Macrophages
e Dendritic cells

HIV virus

R P
C\% R P
o [
Ak gy
) ' /°
6 o :g..

.: sssssee l LY Tee
RNA 00000c *%e)

B cells producing antibodies
are not affected by HIV but
cannot fight it because of a
high mutation rate of the HIV
genome
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Exceptionally rare
B-cell precursor

CHO1, PG9/16, frequencies?
Aomag00 V1V2-glycan Long HCDR3
=N B AM pathways PN S b, o (>25aa)
eCOg n | IO n O not feasible for ( for penetratin

vaccines to elicit?

Highly
—Glycosylation mUtased
gp120 ]env-Gchoprotein Complex (>35%)

CD4-binding site

glycan shiel

Multiple B-cell
tolerance controls;
HIV mimicry-mediated

"‘conflicted” selection
in GCs

Proteins of Host Cell

5 CD4 mimic
4 Lipid Membrane CH31, VRCO1,

2F5, 4E10, 10E8, DH512

Matrix Protein 3BNC60 : bnAb epitope
(/e CH103, b12 overlap with
/S " ~ N mmgp120 N\ self-antigens;
corid— L gp120—gp41 - gpd lipid, poly, &/or
P \‘::\‘ - bridging region - auto-reactivity
Nucleocapsid — —88—— Protease 35022, PGT151, Membrane proximal
% L] ‘ external region

E {7 8ANC195

Verkoczy, Adv Immunol, 2017

Viral membrane

Integrase  Reverse

Tran

B cell diversification

_—
CH103
lineage

T
TF germline Rapid dlve’s:ﬁ'cation of
clonal selection both B cellls and virus

A
|
|
|

= O :g% CH235
(ﬁ C)% lineage
> : |
) w |
< |
> |
: |
l
|
|
|
L

r 1 3
s S _— 5
§ — 49y g
f_‘E E N/ ~
=g CH505 Escape D loop
32 transmitted founder mutants mutants

Time from infection

Alter & Ackerman, Cell, 2014



CDRs represent antigen-binding sites

V/ariable heavy domain

H o

CDR1

CDR2

CDR3
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Long CDR3s in response to HIV

Typical
CDR H3

Ultra-long
CDR H3
loop

Sok et al., Nature, 2017

- Broadly neutralizing antibodies against
HIV are characterized by extremely long
CDR3s

Ultralong CDR3s in human antibodies
present a result of VDDJ recombination:

D3: GTATTACGATTTTTGGAGTGGTTATtatacc
D5: GTGGATACAGCTATGGttac
CDR3: ACCACAGAACCGCTTCAGTTTAGTCCGTATTACGATTTTTGGAGTGGTTATCAGCCAGTGGATACAGCTATGGACCCGTTGACT
span: GTATTACGATTTTTGGAGTGGTTATCAGCCAGTGGATACAGCTATGG
inter-D insertion: CAGCCA
Safonova and Pevzner, Front Immunol, 2019 51



Finding VDDJ recombinations

D3: GTATTACGATTTTTGGAGTGGTTATtatacc

D5: GTGGATACAGCTATGGttac

CDR3: ACCACAGAACCGCTTCAGTTTAGTCCGTATTACGATTTTTGGAGTGGTTATCAGCCAGTGGATACAGCTATGGACCCGTTGACT
span: GTATTACGATTTTTGGAGTGGTTATCAGCCAGTGGATACAGCTATGG

inter-D insertion: CAGCCA

D10: GTATTACTATGGTTCggggagttattataac

D15: gtattatgattacgtttggGGGAGTTATGCttatacc

CDR3: GCGAGAGACACGTATTACTATGGTTCAGGGAGTTATGCGGCTAACAACAACTACTACTACTACGGTATGGACGTC

span: GTATTACTATGGTTCAGGGAGTTATGC

inter-D insertion: A

Safonova and Pevzner, Front Immunol, 2019



Finding VDDJ recombinations

D3: GTATTACGATTTTTGGAGTGGTTATtatacc

D5: GTGGATACAGCTATGGttac

CDR3: ACCACAGAACCGCTTCAGTTTAGTCCGTATTACGATTTTTGGAGTGGTTATCAGCCAGTGGATACAGCTATGGACCCGTTGACT
span: GTATTACGATTTTTGGAGTGGTTATCAGCCAGTGGATACAGCTATGG

inter-D insertion: CAGCCA

GTATTACTATGGTTCggggagttattataac
D15: gtatta GGGAGTTATGCttata
CDR3: GCGAGAGACACGTATTACTATGGTTCA
span: AGGGAGTTATGC
A

CAACAACTACTACTACTACGGTATGGACGTC

Safonova and Pevzner, Front Immunol, 2019



in IGH locus

Most D-D pairs follow ordering

14 individuals
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Start D gene

Most D-D pairs follow ordering in IGH locus

Setl 14 individuals

D1 D1
D2 D2
D3 D3
D4 ] D4
D5 El1HAl 14 & D5
D6 HE D6
D7 D7
D8 \ 1 HA D8
D9

Can we explain the most frequent pairs?

D18

D19
D20
D21
D22
D23
D24 D24
D25 D25
QTS S TR SRR LA O A A PR S ATAY
End D gene End D gene



Recombination signal sequences

CACAGTG ACAAAAACC GGTTTTTGT CACAGTG J V.RS |-RS
heptamer 23 nonamer nonamer 12| heptamer = o = . = =
GTGTCAC TGTTTTTGG CCAAAAACA GTGACAC L Y»Ft".AMtR V-NONAMER J'NONAMER JHEPTAMER
TCAAMMAACC 2
TCAGAAATC 2
ACATARACT 1
ACAAMATT 1
CACAGCT 1 ap ACATAAMA: 1 GGTTTTITGCT 2 2y (SARTITG. 1
| 12 nonamer nonamer 23 heptamer J CACARTG . 4 :C“AA;.::(A: ; TEXIAG 2 TAG:‘(‘TG 1 ’GH’
T c TG
K CACAGTG: 29 TCAGARACC S ATITATICR 2 TATTGTG 1
CAGAAAACC 1
TCAGAAARC &
ACACAMACC 1
ACAGARACC 1
- 23 nonamer nonamer 23 p J H S'D.RS 3D-RS
2T "N 5'D-NONAMER 5'D-HEFTAMER TD-HEPTAMER TO-NONAMER
= “g GATTTTGAA 2
27 e 5 GCARRARCC 2
- GCITTITGT 3 12 qacrere 13 CACGGTG 2 12 pcaaaanaTc 1
Cid R GATTTTTGT 10 === c,cacTc 5 g:g:‘;:g 1‘; ACCAAAACT 2
nonamer 12 DH p | 12 nonamer GIAATTITOK ; ACAAAAACC 12

23

12

23

The 12/23 rule forbids:

V-J pairs
D-D pairs
V-V pairs
J-J pairs

12 nt
23 nt

1 turn of DNA
2 turns of DNA
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Non-canonical recombination signals

V-RS

V-HEPTAMER V-NONAMER Pos 1 Pos 2

TCAAMAACC
TCAGAAATC
ACATARACT
ACAAAIATT

= 11/26 =1/26

ACATARACR
CACAGCT 1 23 *
CACAATG 4  wmmmm ACAAATACT

ACTANAACC
CACAGTG 29 oC

= 1/26 = 25/26

CAGAAAACC
TCAGAAARC &
ACACAIMACC
ACAGANRACC

= 0/26 = 0/26

- O 0 >

=14/26 = 0/26




ion signals

Non-canonical recombinat
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Non-canonical recombination signals

Pos 1 Pos 2
A =11/26 | =1/26
Prob(ACGTACGTA) =
=11/26 * 25/26 * ... C =126 | =25/26
G = 0/26 = 0/26
T =14/2 = 0/26

3 DNA turns 2 DNA turns
AA Cc

Ca‘ .

~

\DOO\IO\WA(_AJI\H—‘O

T
0 -I----II-III------IIIIIII--I
IIIIilIIlllIIIIIIIIIIIIIIIIIIIIII

---- I==== ]
1] ]
L1
ma
MY NONON
Mmoo mMm

BNV R LIRYES GVUTAk G RIEHER O QOGO 19 B hin S o e
NNNNNNNNRERPRHEPREEREREOONOUTRWN
I\JNNNNNNNI—‘HHHHHHH!—‘HKOOO\IO‘H.HAUJNI—‘

[T
NOUIPWNREROOONOUIRARWNERO

\la\m-b(.ul\)l—‘

QONONTMAN—HORNONONTMANHONONOVINTMAN—HORNONOVOINTMNAHO OHNMQ‘m\DI\OOO\O'-!Nmﬁ‘m\DI\wO\OHNMV ONOONO—N
MmN H-H - H - - H - -l - e A A A A aNNNANANANANNANNMM M
left spacer length right spacer length

Safonova and Pevzner, Genome Res, 2020
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ion signals

Non-canonical recombinat

23

12

12

23

1-turn/2-turn

AACC 2 DNA turns
T

1-turn/2-turn

1-turn/2-turn
1-turn/3-turn

| T Y O 0 I I I R R - <

O-ANMIETINONONOHNMTLNWON
HANMTOONOOAA A A A A A A A AANANNANNANNN

I R D A L A A A O A A R I D T
HANOTODOANNMTNOANMTNOANNTINWO AN

~

OrNMTINONDNO NN FLINON
LI M Oins O O v st v pl ele w1 QICLON GN CLOIEN 0
HAMTNOHAM®OTNOHNMELNO N TN N

3 DNA turns
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right spacer length

Safonova and Pevzner, Genome Res, 2020

left spacer length



Sequence alignment

| Target Seguencel
5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3

D DL LELEEEE TEEEEREEEE e FEEEE
5' ACTACTAGATT----ACGGATC--GTACTTTAGAGGCTAGCAACCA 3'

Query Sequence

F matrix Query (er)
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(@) .
F(i-1,j1) F(ij-1) o() /
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Tandem repeats correlate with D-D fusions

R1 R2 R3 R4

000
W =
WN =

|

- D6-6 D6-13 D6-19

DI-1 DI1-7 DI-14 D1-20

|

D2-2 D2-8 D2-15 D2-21
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000
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T D5-5 D5-12 D5-18 D5-24
mouse Common marmoset pale spear-nosed bat
b R ANl S 2 e Bl s S : g
= Toan e I IR , b — LR
i D3 5 N & o — SRS VRIS T AR
. ~ - T A Ds = PR NG R
Y7 & \:ﬂ":/ g i i ) E D4 A \ 4 : D6 —— N N AN\ \\ N
P e / D_S N — D7 | \\ o \ \
D]‘-'_l \\ /;{: / : : >> BZB \ ; \ X — D8 — \\ % \ \\\
D2 e Sl g L ith D9 e N \.\ - D9 —— N \ SN \
|| L mEEER e S W W
)5-2 B . S N R R S e \ _ = R T =g
== L ! e \‘\‘._'\\\\\\\._\\.\. : D12 i \\ \ — \\
' s \\\.\,, D14 — N § SR \\ N
oz s — I i NSNS ! N AN I RN XG
L ’ \!\i.\'-\§\ RN 7 L Ny R eT D15 — N \ 5 \
B33 Ko e NS AN e P 16— et \ \ N N
D2-1 "//\ 5 \\{/ : i : \‘\;‘ R ERNE N 2 o e EA
gi:‘i SR £ ) o it RO o1a : LT il A A ol







Antibodies are subjects of fast evolution




Immune system mutates and amplifies a binding
antibody

Mutation rate in antibody genes is 3-4 order of magnitude
higher than in other genome



One antibody = one antigen




Antibody repertoire is a set of clonal lineages




Severity of COVID-19 and Ab response

Fraction

< FR1-IMGT >< CDR1-IMG

V.9 L VQ s GG LV QP GG S L RL S CVASGTFTTF S

Query 1 2 AGGTGCAGCTGGTGCAGTCTGGAGGAGGCTTGGTCCAGCCTGGGGGGTCCCTGAGACTCTCCTGTGTAGCGTCTGGCTTCACCTTCAGTA
90.2% (266/295) IGHV3-30%02 2
90.2% (266/295) IGHV3-30-5%02 2
89.5% (264/295) IGHV3-30+*18 2
T >< FR2-IMGT >< CDR2-IMGT---—-~ S
N F GM HW V RQAUPGI K GULEWV AMTOQ?PDEGTE Y Y
Query_ 1 92 ATTTTGGCATGCACTGGGTCCGCCAGGCTCCAGGCAAGGGACTGGAGTGGGTGGCAATGACACAACCTGATGAAGGTACTGAATACTATG
90.2% (266/295) IGHV3-30%*02 92 GCeAeveeooesosoccososcsooscsssccssccssecesGeeceoccccoceeee TeTeTeeGGTA e eeeGehAceAAircccnnsns
S Y GMHWV R QAUPGI XK GILEWUVATFTIUZRYDSG S NIK Y Y
90.2% (266/295) IGHV3-30-5%02 92 GC.Aueeeevenenencncncncnens sssries o sad@hrwes st s BT GOT R vaiwsss Gol svelielure siaia sravss
89.5% (264/295) IGHV3-30*18 92 GCehecoeosososososcsscsssssssssssssssssccs Gesesoosaoscosne G.T.T.TC.TA.c.c.. GeAieAAcceoeonns
FR3-IMGT
G DS V K GRF T I S RDNSRNTILYULQMNSLIRTE D
Query 1 182 GAGACTCCGTGAAGGGCCGATTTACCATCTCCAGAGACAATTCCAGGAACACACTGTATCTGCAAATGAACAGCCTGAGAACTGAGGACA
90.2% (266/295) IGHV3-30%02 182 C....ccvecevencnccnnanas Civeennnnnnccnncacnnnns Acceven Geceernnnnnnnnnnnanannnnnnan Gevenonnnn
A D S VKGRV FTTISRDNSKNTTULYTULOMNSTULZRATED
90.2%. .(266/295): IGHV3=30=5%02 182 Ciwwirosis srvre srotawavasiainrs il siwre sisrntivers st s wrstwis s Bia stare swGorsanone s semesearses swre sndes Qe aete saves
89.5% (264/295) IGHV3-30+*18 B o o P € A U PP © P
¢
801 non-naive only (IgG) 1T naive and non-naive (IgM)
60 1
40 ¢
¢
20 ¢
N ¢
¢ ¢ "
=t -I-i’ ¥
o X' LA
T T T T T T T T
zero low medium high zero low medium high
SHMRate SHMRate

Safonova, Tieri, et al., in preparation

91

91
91

181
181

181
181

271
271

271
271

Severity
I Severe
I Moderate
I Healthy
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Immunogenomics approach to vaccine design

Germline IG haplotype Ab repertoire Functional readout Informed treatment/clinical care
2 & ’-)-i
- i'f":'»"' - 8 - 12';1“_1'.‘ !
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’ ,- * --------- ~ "..:" ’."_‘r .
! ——) Sbbbroup H—'—"—.— - -‘f.‘ - P o
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,_L :
e
5Jbg oup 4§24 8 > .‘-fh_‘._s‘
A B
Subgrospn

Watson, Glanville, Marasco, Trends in Immunol, 2017

69



Data science approach to predicting the
efficiency of antibody response

@o-o-o‘c‘ o

VDDJ SHM rate
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