Expandinggenerizable basic research to identify future threats

Understanding cell tropism and receptor requirements
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Filoviridae (123)—— ——Hepadnaviridae {78)
Parvoviridae (165) 1 |\ | —— Papillomaviridae (59)
Picornaviridae (181) —— | | ||| Hantaviridae (59)
Flaviviridae (218)—, | |
Herpesviridae (233)——,
Circoviridae (250) ——_
Reoviridae (288) .

N
b

s
Polyomaviridae (302)——_

Adenoviridae (365)

Astroviridae (724)

Rhabdoviridae (2,890)

— Coranaviridae (3,796)
i

Functional Viromics

Virus Families with fewer
than 50 different sequences
Caliciviridae (43)
Peribunyaviridae (31)
Nairoviridae (22)
Unclassified vinises (22)
Retroviridae (18)
Hepeviridae (14)
Orthomyxoviridae (8)
Phenuiviridae (8)

Poxviridae (6)
Picobirnaviridae (4)
Togaviridae (3)
Genomoviridae (2)
Bornaviridae (2)
Anelloviridae (1)
Unclassified ssDNA vinises (1)
Unclassified Bunyavirales (1)

L Paramyxoviridae {1,025)

Increased sequencing efforts have resulted in a wealth of genetic data, but:

e Typically, no information on zoonotic potential
e Typically, no information on pathogenic potential

Current viromics research
Future viromics research
Functional screening

In vivo testing and development of interventions

Interventions

~ Mhﬁtwm

Human and animal vaccination and/er
management of animal-human interface

Letko, Seifert, Olival, Plowright and Munster. Nature Reviews Microbiology 2020
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Receptor biology, structure and prediction
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van Doremalen et al., Journal of Virology 2014



Future Directions

Prediction reservoir, pathogen spillover and countermeasures -

A Taxonomy

Order

Primates ~ —

Dermoptera —
Scandentia —
Lagomorpha —{

Rodentia  —

Perissodactyla

e e

Artiodactyla
Cetacea
Pholidota
Carnivora
Mega-
Chiroptera
Micro-

insectivora  —{

Tubulidentata

Macroscelidea
roboscidea

Sirenia —_

Dasyinamarphia —
Didelphimorphia —

Family

Hominidae

Hylobatidae

Cercopithecidae

Cebidae
Tarsiidae

Cy?n:ephalldae
Lepnndae

P
Chinchillidae
Bathyergidae
Dipodidae
Sciuridae
Spalacidae
Muridae

Cricetidae

Castoridae
Heteromyidae
Rhinocerotidae

Equidae
Bovidae

Camelidae
Suidae
Balaenopteridae
Lipotid:
Physeteridae

Delphinidae

Manidae
Canidae

Ursidae

Odobenidae
Phocidae
Mustelidae

Felidae
Pteropodidae

Emballonuridae

Hipposideridae

Rhinolophidae

Phyllostomidae

Vespertilionidae

Molossidae

idae
chrysochloridac

Dacypetidse
Dasyuridae
Didelphidae

B DPP4 Protein Iden. %
65 70 75 80 85 90 95100

C Mutations
0 5 10 15

D min. RMSD (A)
30 20 10 0

Homo sapiens
Pan trogiodytes

Gorilla gorlie goriia
orilla gorilla gorilla
Fongo-abeln

Nomascus Ieucoge
an

Papio anubis
Macaca mulalla
Macaca nemestrina
Macaca fascicularis
Cercocebus atys
sabaelis

Mandriius leucophae
Colobus angolensis Dallatus
hingplthecus roxellana
hmopllhecus biet

- ok

Cebus. capu:mus mitator

Carlito syrichta

A cymaze

Propithecus coguerel
Microcebus murinu

gameml
Galeoplems variegatus
chinensis

Oryctalabas comeulus
chotona princeps

Chinchilla lanigera
Heterocephalus glaber
marensis

aculus jaculys

letidomys idacemineatis
Nannospalax gai

Tmuscuius
Mesocricetus auratus
tulus griseus
otus ochrogaster
Perogscus maniculatus
astor canadensi:

Ipodomys ordi
Ceratotherium simum simum
Equus caballus
Equus przewalskii
us asinus
os taurus
Bos mutus
indicus
Bison bison bison
Pantholops hodgsonii
vis aries

hircu
Camelus dmmedanus

II_I”_I_H_I_ll ||_|_”|.||r|.||r|]|”|”|”

Balaenoptera acutorostrata scammo
ipotes vexillifer
Physeter catodon
Tursiogs truncatus
inus orca
Manis Javanica
s familiaris
Ailuropoda melanoleuca
us maritimus
Odobarus rosmarug o ergens
eptonychotes weddellii
putorius furo
Felis catus

Mustela
Acinonyx jubatus

Panthera pardus

Panthera tigris altaica
Rousettus aemmacus RE06
us alecto

Epomops buemkoven Ego?rym
ilineata
Hlppu s gigas
poslderos armiger
clophus sinicus
Rhmolophus fermumequin

jamaice

Amheus planlrosms
Desmodus rotundus

Carollia persplcl ilata

ptes; scus
Miniop erus natalensis
tis lucifugus

é’ strellus pipistrellus
Tadarida, hraslhensls Tbilu
aceus europae;
Sorex araneus
Condylura cristata
cteropus afer afer
Elephantulus edwardit
oxodonta africana
Trichechys manatus latirosiris
ochloris asia
ops. le"alrl

IIII'L”_I_HI_HI_II'_L'I_I_lllIrl_lllrl_|

Monodelphis domestica
Omnithorhynchus anatinus

RMSD=5A

E Affinity (kcal/mol)
42 14 16 -18 20 -22

3 Actual ability bind to MERS-CoV s
c—= Actually not bind to MERS-CoV spike
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Rapid discovery of ACE2 as the receptor for SARS-CoV-2

Identify unique RBDs Human ACE2 Empty vector SARS-CoV:2 o
SARS-CoV ® e SHC014 ® | ACE2
All B'COV LYRa11 - No spike
sequences Clade 1 Rs7327 @ SARS-Go\:2
Rs4231 @ SHEO'T4 DPP4
: _E Rs4084 - SARS-CoV
SHCO014 L4 No spike
As6526 SARS-CoV-2
== Yunnan 2011 SARS \WIV1
Srom008 SARSCOV APN
” ” 3 -Co
non-human . Rs4237 No spike
Rs4081 SARS-CoV-2
i SHOOT4 No
— i SARS-CoV Pecaplor
HKU3-13 No spike
'EGXZO13 T T 1T T 1
|| Clade 2 Longquan-140 0 50 100 150 200 250
in Clade 3 YN2013 Entry (a.u.)

Rf4092
ZXc21 Spike RBD RDRP (nsp12)
ZC45
JL2012
HuB2013
Rf1
HeB2013

Clade 1/2

273-2005
BM48-31
No spike
RBD unique_ 0 10 20 30 40 0 10 20 30 4
sequences 29 Entry (a.u.) E..:w

Clade 3

Letko, Marzi & Munster, Nature Microbiology 2020
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ACE2 species specificity of SARS-CoV-2 & TMPRSII
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Molecular determinants of zoonotic and cross-species transmission

% Genotype to phenotype

Molecular determinants of

zoonotic transmission
Modelling zoonotic and
— human to human

transmission

| Host - Pathogen Interactions
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Yinda et al, in preparation



% Genotype to phenotype

Molecular determinants of
zoonotic transmission

Modelling zoonotic and
human to human
transmission

Host - Pathogen Interactions

Genotype to Phenotype

Molecular determinants of zoonotic and cross-species transmission

HFL-1 PK13 PaKiT
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Yinda, Van Tol et al, in preparation



Hendra Virus Time-scale phylogeny
Multiple co-circulating lineages, limited antigenic variation
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Yinda et al, in preparation



Expanding generizable basic research to identify future threats

Molecular determinants of zoonotic and cross-species transmission

Wealth of genetic data, but limited full genome data

Limited connection between surveillance / discovery and mechanistic work

Mechanistic work currently limited by absence of generizable high throughput tools

Interventions
Human and animal vaccination and/or
management of animal-human interface
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