Predicting mammalian species at risk of being infected by SARS-CoV-2 from an ACE2 perspective

Yulong Wei?, Parisa Aris?, Heba Farookhi?, Xuhua Xia*?"

1. Department of Biology, University of Ottawa, 30 Marie Curie, P.O. Box 450, Station A, Ottawa,
Ontario, Canada, KIN 6N5. Tel: (613) 562-5800 ext. 6886, Fax: (613) 562-5486.

2. Ottawa Institute of Systems Biology, Ottawa, Ontario, Canada K1H 8M5.

* Corresponding author E-mail: Xuhua.Xia@uottawa.ca



Total

a)  Order Family Species ACE2 binding hotspots similarities with hACE2 Stmilaelt
Aotidae “Aotus nancymase
cebidoe Sapajus apella 6t07
Macaca fosciculoris 8103
o 0to11
Macaca nemestrina
Mandiilusleucophaeus
Cercocebus atys
Cercopithecidoc  cercopithecus aethiops
Chlorocebus sabaeus
pilocolobus tephrosceles
Theropithecus gela
i Trachypithecus francoisi
Frimates Rhinopithecus roxellana
Cheirogaleidae  Microcebus murinus
Golagidae Otolemur ga
Calitrichidae Callthrixjacchus
cebidoe Cebus capucinus
Hom sapiens S19 a2 D0 K31 WM E35 £y DB v Qi 179 MB2 Y83 K3 Rags
Pan paniscus
Hominidae Feoslinll
Pongo abeli
Hylobates moloch
Hylobatidae yomascus eucogenys
Indriidac Propithecus coquereli
Tarsidae Carlto syichta
1l
b)  Order Family Species ACEZ2 binding hotspots similarities with hACE2 ﬂ;m!
alacnopterida  Balaenaptera acutorostrata
Bosindicus 6to7
Bos mutus 8103
Bost 0to11
sz Bubalus bubals
Caprahircus
Ovisaries
Camelidae Sper
Vieugna pacos
Globicephala melas
Artiodactyla
oot TS laGrs
Tursiops truncatus
Lipotidae Lipotes vexilfer
Morodontidae  ebnnepterisieucas
Neophocaena asaeorientals
Shocsnidae, Phocoena sinus
Physeteridae Physeter catodon
Suidae Sus serofo
Total Total
rder Famil Speci E2 bindi imilarities with hACE2
€)  Order amily pecies Ac ing hotspots similarities with hACE Stoallar Stmilart
Fippesideridoe  Hipposideros ammiger
Miniopteridae  Miniopterus natalensis 6t07
Phyllostomidae Phylostomus discolor 5109
preropus alecto 0to11
preropus vampyrus
Preropo
eropodidee Rousettus aegypiacus
Rousettus leschenaulti
~Rhinolophus ferrumequinum
Chiroptera
Rhinolophus macrotis
Rbinolophidae - phinolophus puslls
Rhinolophus sinicus
Eptesicusfuscus
Vespertlonidae Myotis davidi
Myois lucifugus
Total
d)  Order Family Species AACE2 binding hotspots similarities with hACE2 Similari Similarity
Canis lupus dingo
Canis lopus fomilaris 6t07
Canidoe Nyctereutes procyonaides 8103
Vulpes vupes 0011
Feliscatus
Lynx canadensis
felioe Pantheratigrs ataica
Puma con
Herpestidae Surcata suri
tra canadensis
Enhydra ltris ke
s
S Mustela putorius furo
Odobenidac Odobenus rosmarus.
Callorhinus ursinus
Otariidae Eumetopias jubatus
Zalophus calfornian:
Neomanachus schauinslandi
Ehockics: Phocavitulina
Procyonidac. Procyon lotor
Ailuropoda melanoleuca
ursidae. Ursus arctos
Ursus maritimus
Viverridae Paguma lorvata
Total Total
e)  Order Family Species ACE2 binding hotspots similarities with hACE2 Stonllari Similarity
Bathyergidae  Fukomys damarensis
Caviidae Cavia porcellus 6t07
Chinchiidae Chinchill lanigera 8103
Cricetulus griseus. 0to11
esocr
peromyscus leucopus
R peromyscus maniculatus bairdi
Microtus ochrogaster
Phodopus campbell
Dipodidac. Jaculus jaculus
Heterocephalidae  Heterocephalus glaber
Rodenta  Heteromyidae Dipodomys ordii
Grammomys surdaster
stomys coucha
Mus caroli
Muridae Mus musculus
Mus pahari
Rattus norvegicus
Rattusattus
Octodontidoe Octodon degus
Ictidomys tidecemiineatus
Sciuridae Marmota flaviventris
urecitelus parnyi
Spalacidae
f)  Order Family Species ACE2 binding hotspots similarities with hACE2 ﬂ;mz
Chysochiorklae _ Chrysachlors asiatica
Afosoriclds e recidae Echinops tefairi 6t07
Cingata  Dasypodidac  Dasypus novemcinctus 8103
Dasyuridae 0011
ascolarctidae  Phascolarctos cnereus
Diprotodorta ., mpatidoe Vombatus ursinus
rinaceidae Erinaceus europaeus
Eulpotyphla  Talpidae ondylura ristata
Soricidae Sorex araneus
Ochotonidae Ochotona princeps
L2EomorPha o oridae Onyctolagus cuniculus
Macroscelidae  Macrosceliidae  Elephantulus edwardii

Monotremata Omithorhynchidae  Ormithorhynchus anatinus

perssodactyla £
Rhinocerotidae
Pholdota  Manidae
Proboscicea  Elephantidae
Scandentia  Tupaidae
Stenia  Tichechidae  Trchechus manotus atiostis
Tubulidentata

Supplementary Fig. S1
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Order Family

Chysochloridae

Tenre

Afrosoricida ecidae
Balaenopteridae

Bovidae

Camelidae

Artiodactyla
Delphinidae

Lipotidae
Monodontidae

Phocoenidae

Physeteridae
Suidae

Canidae

Felidae
Herpestidae

Mustelidae
Camivora

Odobenidae
Otariidae
Phocidae

Procyonidae

Ursidae
Viverridae
Hipposideridae

Miniopteridae
Phyllostomidae

Pteropodidae

Chiroptera
Rhinolophidae

Vespertilionidae

Cingulata
Dasyuromorphia

Dasypodidae
Dasyuridae
Phascolarctidae
Vombatidae
rinaceidae
typhla Talpidae
Soricidae
Ochotonidae
ridae
Macroscelidae ~ Macroscelididae
Monotremata  Ornithorhynchidae

Diprotodor
Lagomorpha

Perissodactyla Equidae

Rhinocerotidae
Pholidota Manidae
Aotidae
Cebidae

Cercopithecidae

Primates
Cheirogaleidae
Galagidae
Callitrichidae
bidae

Hominidae

Hylobatidae
Indriidae
Tarsiidae

Elephantidae

Bathyergidae

Proboscidea
Caviidae

Chinchillidae
Cricetidae

Dipodidae
Heterocephalidae

Rodentia Heteromyidae

Muridae

Octodontidae
Sciuridae

Spalacidae

Tupaiidae
siren Trichechidae

Tubulidentata _Orycteropodidae

Scandentia

Species ACE2 binding hotspots similiarties with hACE2
Chrysochloris asiatica
Echinops telfairi
Balaenoptera acutorostrata
Bos indicus
Bos mutus
Bos taurus
Bubalus bubalis
Capra hircus.

Ovis aries
Camelus ferus
cos

Globicephala melas
Lagenorhynchus obliquidens
Orcinus orca

Tursiops truncatus
Lipotes vexillfer
Delphinapterus leucas
Monodon monoceros
‘Neophocaena asiaeorientalis

Phocoena sir

inus
Physeter catodon
Sus scrofa
Canis lupus dingo
Canis lupus familiaris
Nyctereutes procyonoides

Lynx canadensis
Panthera tigris altaica
Puma concolor
Suricata suricatta
Lontra canadensis
Enhydra lutris kenyoni
Mustela erminea
Mustela putorius furo
Odobenus rosmarus
Callorhinus ursinus
Eumetopias jubatus
Zalophus californianus
Neomonachus schauinslandi

Procyon lotor
Ailuropoda melanoleuca
Ursus arctos
Ursus maritimus
Paguma larvata
Hipposideros armiger
Miniopterus natalensis
Phyllostomus discolor
Pteropus alecto
Pteropus vampyrus
Rousettus aegyptiacus
Rousettus leschenaulti
rumequinu
Rhinolophus
Rhinolophus pusillus
Rhinolophus sinicus
Eptesicus fuscus
Myotis brandti
Myotis davidii
Myotis lucifugus
Pipistrellus abramus
Dasypus novemcinctus
Sarcophilus harrisii
Phascolarctos cinereus
Vombatus ursinus
Erinaceus europaeus
Condylura cristata
Sorex araneus
Ochotona princeps
Oryctolagus cuniculus
Elephantulus edwardii
Ornithorhynchus anatinus
Equus asinus
Equus caballus
Equus przewalskii
Ceratotherium simum
Manis javanica
Aotus nancymaae

‘Macaca nemestrina
Mandrillus leucophaeus

Pillocolobus tephrosceles
Theropithecus gelada
Rhinopithecus roxellana
Trachypithecus francoisi
Microcebus murinus
Otolemur gaettii
Callithrix jacchus
Cebus capucinus

Homo sapiens G354 D355 F356
Pan paniscus
Pan troglodytes
Pongo abelii
Hylobates moloch
Nomascus leucogenys
Propithecus coquereli
Carlito syrichta
Loxodonta africana
Fukomys damarensis
Cavia porcellus
Chinchilla lanigera
Cricetulus griseus
Microtus ochrogaster
Mesocricetus auratus
Peromyscus leucopus
Peromyscus maniculatus bairdii
Phodopus campbelli
Jaculus jaculus
Heterocephalus glaber
Dipodomys ordii
Grammonys surdaster
Mastomys coucha
Mus caroli
Mus musculus
Mus pahari
Rattus norvegicus
Rattus rattus

Octodon degus
Ictidomys tridecemlineatus
Marmota flaviventris
Urocitellus parryii
Nannospalax galili
Tupaia chinensis
Trichechus manatus latirostris
Orycteropus afer
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SUPPLEMENTARY FIGURE LEGENDS

Supplementary Fig. S1. Comparisons of ACE2 genes in 132 mammalian species at 15 key human ACE2
sites involved in SARS-CoV-2 S protein binding. These species belong to the orders a) Primates, b)
Artiodactyla, c) Chiroptera, d) Canivora, and e) Rodentia, and in panel f) displays species belonging to 14
other orders. All ACE2 genes are aligned using MAFFT with option G-INS-i. Highlighted blue and red are
matching and mis-matching amino acid residues, respectively, between mammalian ACE2 and human
ACE2. Total similarity designates the total number of matching amino acid residues with respect to
human ACE2. The total similarity score for mammalian ACE2 in blue highlights perfect site similarities
(14 to 15 matching sites), in green highlights high similarity (12 to 13 matching sites), in light green
highlights medium-high similarity (10 to 11 matching sites), in yellow highlights medium similarity (8 to 9
matching sites), in orange highlights medium-low similarity (6 to 7 matching sites), and in red highlights
low similarity (5 or less matching sites).

Supplementary Fig. S2. Phylogenetic reconstruction based on 132 MAFFT G-INS-i aligned mammalian
ACE2 amino acid sequences. The tree is built with the maximum-likelihood-based PHYML approach, with
best substitution model =JTT + G + | + F, Bootstrap = 500, and Outgroup = Ornithorhynchus anatinus.
Mammalian species names are colored based on total similarity at ACE2 against human ACE2: in blue
highlights perfect site similarity (14 to 15 matching sites), in green highlights high similarity (12 to 13
matching sites), in light green highlights medium-high similarity (10 to 11 matching sites), in yellow
highlights medium similarity (8 to 9 matching sites), in orange highlights medium-low similarity (6 to 7
matching sites), and in red highlights low similarity (5 or less matching sites).

Supplementary Fig. S3. Comparisons of ACE2 genes in 132 mammalian species at 10 key human ACE2
sites involved in SARS-CoV S protein binding. These species belong to the orders Primates, Artiodactyla,
Chiroptera, Canivora, Rodentia, and 14 other orders. All ACE2 genes are aligned using MAFFT with
option G-INS-i. Highlighted blue and red are matching and mis-matching amino acid residues,
respectively, between mammalian ACE2 and human ACE2. Total similarity designates the total number
of matching amino acid residues with respect to human ACE2. The total similarity score for mammalian
ACE2 in blue highlights perfect site similarities (10 matching sites), in green highlights high similarity (8
to 9 matching sites), in light green highlights medium-high similarity (6 to 7 matching sites), in yellow
highlights medium similarity (4 to 5 matching sites), in orange highlights medium-low similarity (2 to 3
matching sites), and in red highlights low similarity (1 or less matching sites).



