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Newly emerging and re-emerging diseases

Antimicrott)lial- West Nile virus Cryptosporidiosis Ebola virus disease Diphtheria - MERS-CoV
resistant threats : E. coli 2
- CRE Enterovirus D68 P°af::ay s Oi‘:)l-ll A / Drug-resistant malaria Akhmeta virus
- MRSA Heartland / \ / Rift Valley fever

Typhoid fever

SFTSV
bunyavirus

- C. difficile
- N. gonorrhoeae

AA
H3N2v influenza /,’9'*

Cyclos_pona_sns \ E. coli
E. coli 0157:H7 ; 0157:H7
Measles ,., )
Ry H10N8
Human q influenza
monkeypox H7N9
Listeriosis influenza
Bourbon
virus m?mznza
2009 H1N1
influenza SARS
Adenovirus 14 / Nipah
Anthrax .
bioterrorism” /£’ ( Hendra
virus

Chikungunya Enterovirus 71

gﬁm%‘gg:; Dengue Hutnan n_10nkeypox
syndrome Zika virus J QN Ebola virus disease
Yellow fever \\ Marburg MDR/XDR tuberculosis Zika virus
Human African trypanosomiasis” Cholera hemorrhagic fever Plague

O Newly emerging O Re-emerging/resurging @ “Deliberately emerging” | . .

https://en.wikipedia.org/wiki/Emerging infectious disease



https://en.wikipedia.org/wiki/Emerging_infectious_disease

Studying immune responses

e \Variety of threats to human body is

huge and unpredictable

e Genome is too small to encode

Immune system has an ability to
adapt to various threats (antigens)
using agents (e.g., antibodies) that

defences against all these threats are not encoded in the genome
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Immune system = innate (inherited) +
adaptive (acquired) immune systems

antibody antigen

Specificity rule: one antibody
recognizes one antigen



VDJ recombination

Antibodies are not directly encoded in the genome — they are encoded in
B-cells that result from somatic recombinations of the immunoglobulin loci
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VDJ recombination generates billions of

antibodies

Antibodies are not directly encoded in the genome — they are encoded in
B-cells that result from somatic recombinations of the immunoglobulin loci
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Antibodies are not directly encoded in the genome — they are encoded in
B-cells that result from somatic recombinations of the immunoglobulin loci
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Randomly generated somatic

. J HIB— hypermutations optimize the
_ _ binding affinity of antibodies in
somatic hypermutations an evolution-like process
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Repertoire sequencing data
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VDJ sequences from error-prone Rep-Seq reads antibody repertoire
DNA or RNA

e The first Rep-Seq dataset was sequenced in 2009
e 10,000s Rep-seq datasets are available today

lllumina MiSeq / Pacbio CCS sequencing read




Antibody repertoires and responses
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Can we use Rep-Seq technologies
to explain the variance in antibody
responses?



Antibody repertoire is unique for an individual
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Immunogenomics needs
new computational
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Variations in IG genes and diseases

Influenza + IGHV1-69
Lingwood et al., 2012
Avnir et al., 2016

Kawasaki disease +
I G HV3'66 Kawasaki Disease
Johnson et al., 2020

~» Cytomegalovirus +
=+ IGHV3-30, IGKV3-11
w Thomson et al., 2008

Rheumatic heart
disease + IGHV4-61
Parks et al., 2017

e The immune system often favors specific |G genes to fight specific
diseases

e \Variations in these genes are associated with susceptibility to
diseases and failures/successes of the immune response
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Dissecting antibody responses to COVID-19

Stereotypic antibodies YYDxxG antibodies
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Long CDR3s (272 nt) of human Abs are efficient

against HIV

Unusual VDDJ recombinations
were hypothesized by Tonegawa
and discovered by Meek in 1989

Tandem D-D fusions often double
CDR3 length and result in
ultralong antibodies

Many broadly neutralizing
antibodies against HIV result
from tandem D-D fusions

Sok et al., Nature, 2017

CDR3



The Cryptic RSS Hypothesis explains 95% of tandem

D-D fusions

Recombination signal sequences
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Cattle antibody responses to the BRD vaccine

bovine respiratory initial vaccine booster vaccine
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e The Bovine Respiratory Disease (BRD) is a major cause of
economic losses in cattle agriculture

e BRD is associated with four viruses, no treatment is available

e The only way to fight BRD is to prevent it using a vaccine

Safonova et al., Genome Res, 2022
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10% of cattle antibodies have ultra-long CDR3s

IGHV1-7 + IGHD8-2 + IGHJ2-4
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BF4EQ CTTVHQIFCPDGYSYGYGCGYGYGCSGYDCYGYGGYGYGGYGGYSSYSYSYSYEYYGDAN
BLV5B8 CTTVHQETRKTCSDGY IAVDSCGRGQSDGCVNDCNSCYYGWRNCRRQPATIHSYEFHVDAR
BLV5D3 ESSVTQRTHVSRSCPDGCSDGDGCVDGCCCSAYRCYTPGVRDLSCTSYSITYTYEWNVDAR
BLV8C1l1 ETTVHQKTTRKTCCSDAYRYDSGCGSGCDCCGADCYVFGACTFGLDSSYSYIYIYQWYVDAN
B-L1 CATVRQTTLRDCPGGY TEDRSCVNTYSCGADDCCGRGDVGYPALYGYRCAAHIQRYNWHADAW
BLV1H12 CTSVHQETKKYQSCPDGYRERSDCSNRPACGTSDCCRVSVEGNCLTTLPVSYSYTYNYEWHVDVE
L B-L2 ESTVHQKTRTTQGNTCPDGY TLKDDCPRCRGGCDGYDCCWGDACRSSGLCWGHNPLVTETYTYEFYIDAW

IGHD8-2

GTAGT TGTCCTGATGGTTATAGTTATGGTTATGGTTGTGGTTATGGTTATGG
TTGTAGTGGTTATGATTGTTATGGTTATGGTGGTTATGGTGGTTATGGTGGT
TATGGTTATAGTAGTTATAGTTATAGTTATAC T-GAATATAC

Antibody CDR H3
[ Da4.1 BARGDGNYGYH
93F3 CAKHTYGGPGDSH
OKT3 CARYYDDHYCLDYf
Yvo CARTSGWDIEFEYR
2| cre261  GAKHMGYQVRETMDVH
PGY CVREAGGPDYRNGYNYYDFYDGYYNYHYMDVi CyS bondS
B-S1 CAKSSGTNFAVATWDVIDAR
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G:GGT
S:AGT

Y:TAT,
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Vaccination triggers production of ultralong

CDR3s
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e \accination boosts the global fraction of ultralong CDR3s

e The fraction of ultralong CDR3s correlates (albeit weakly)

with the final titers
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Genotypes of cattle V genes shape Ab responses
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Safonova et al., Genome Res, 2022
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Discovery of novel immunoglobulin genes
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New family of bat immunoglobulin V genes
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