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Background

= Viral tissue tropism shapes disease severity,
transmission routes, host range, and spillover
risk

Cellular tropism Tissue tropism Host tropism

= Tissue tropism remains underrepresented in

comparative virology and host-range prediction ggé gié
because data is difficult to collect, curate, and
standardise - ‘ l 2
= Why this is difficult: b P21 A
= Sparse and biased tissue-level evidence . "
= Limited experimental validation across hosts SCEelagE e . Brain i
and viruses

- Strong reporting bias tOW&I‘d clinically sampled Figure adapted from: McFadden, G., Mohamed, M., Rahman, M. et al. Cytokine
tissues determinants of viral tropism. Nat Rev Immunol 9, 645-655 (2009).

https://doi.org/10.1038/nri2623
= Host, tissue, and virus effects are biologically
coupled rather than independent
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Why Graph Neural Networks (GNNs)?

» Biological systems are relational e

= Tissues are connected through shared molecular
profiles

= Viruses are related through evolutionary structure
= GNNs allow:

= Information sharing across related entities

= Learning from indirect evidence

= Modelling system level interactions

= Integration of heterogeneous biological structure
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Framework
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Host, Tissue Encoder Virus Encoder

e, = Enc, (G‘f"",{gga)}), e, € RY | I... I

Host, Tissue-Virus Fusion

Bnew = hne + ¢ ([nelles])

‘
 Hne={hne}yop, = GNNpe(Gre, {Ene})

GCN-based GNN Asymmetric embedding fusion Subtype MLP-based + Pooling
g R L S A i e A A S B R AR R AR R SRRy I

U mEEEEEsEsEsEssEEsEsmssEsssEsEsEEEEEa, 1 Prediction : R .~
B . _ . ¢
! Host, Tissue Graph : Y Snew = fscore(Rhew) . : Virus Representation :

' L L, ] -
H : N = H . Y :
! Tissue, Host Nodes: Vj, = {uy} U{up,:t € T} ' 1 Phty = softmax(sp, — Blogm,) . . ' G0 = (Sy, Ey) i
i h tt ' £ ' : . . .
: Edges: B, = E\"™Y U (Y ' + Tissue permissivity distribution EE ' ' Sy derived from MMSeqs clustering :
' : T L oo AR . . i, % .
. : . E¥ask :
: ; N 5
o . " [ .
H . H [ -
: ! Training Objective : £ .
E : E o ] i
. 3 L= alaist + (1 = @)Lrank + A Leontrast . L
. ' c ibility learning: Distribution loss+ ranking + vi larisati i Virus Sub-species Nodes: S, = {sy,",55,} &
' . ompatibility learning: Distribution loss+ ranking + virus regularisation . . -
: : P v s g g i Edges: E, = {(s,%) s wgs = g(dse)} :
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Virus Representation

ST O R R -

Virus Encoder
Host, Tissue-Virus Fusion q @

E ; — sub (0) d III E
g = e + #((nelen]) [ 00, e Eny (63 '{es }) e R

cammE e

EE N . g _ :

GCN-based GNN : Asymmetric embedding fusion 0/ \@ e SUbty p e MLP based + POOIl‘ng .
P t -------------------- . : Prediction : R S S ——— -
: HOStr Tissue Graph : : Shty = fscore(ﬁh t, v) H : V . . .
; | P - : : Virus Representation :
! Tissue, Host Nodes: Vj, = {uy} U{up, 1t € T} 2 P Prew = softmax(sp, — Blogm,) . i : Gsub _ (S E ) .
! Edges: B, = E u E(W : Tissue permissivity distribution EE : ' v T\ .
: : : Sy derived from MMSeqs clustering
: : Training Objective : .
: £= Ly + (= @Lrane + A Lcontrase : y
Compatibility learning: Distribution loss+ ranking + virus regularisation : \1Z =
] ' : :
--------------------------- : Virus Sub-species Nodes: S, = {sl, TN S|s,,|} .
; Edges: E;, = {(s,8) : wsg = g(dse)} -
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In the model: what is the unit of the

virus?

The model does not assume that each taxonomic species is homogeneous

Non-Segmented

Segmented

Accession
MMSeqs Clustering

What unit do we
consider?

Universit

% a.‘lediczalh Z : y
Council of Glasgow

Complete Sequence

Same taxonomic species

Sequences in separate clusters
are treated as distinct units in
the model

Individual segment belonging to
the same assembly number

Separately for each segment
within same taxonomic species

Assemblies are separated into
distinct units if every segment
does not cluster
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1
Virus Representation e =g 2 Es gyt

Viral family
Adenoviridae

- Arenaviridae

= Within-virus subgraphs: Yor B o
= Nodes: viral genome sequences " )
= Edges: patristic distance s 3 < v
= Aggregation: pooled into a unit- 4 .«,
level virus embedding W i

’ Orthomyxoviridae

= Encoder: Multilayer 3 e
Perceptron (MLP) : . 3
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Virus Representation
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Virus Encoder
Host, Tissue-Virus Fusion q @

E ; — sub (0) d III E
g = e + #((nelen]) [ 00, e Eny (63 '{es }) e R

cammE e

EE N . g _ :

GCN-based GNN : Asymmetric embedding fusion 0/ \@ e SUbty p e MLP based + POOIl‘ng .
P t -------------------- . : Prediction : R S S ——— -
: HOStr Tissue Graph : : Shty = fscore(ﬁh t, v) H : V . . .
; | P - : : Virus Representation :
! Tissue, Host Nodes: Vj, = {uy} U{up, 1t € T} 2 P Prew = softmax(sp, — Blogm,) . i : Gsub _ (S E ) .
! Edges: B, = E u E(W : Tissue permissivity distribution EE : ' v T\ .
: : : Sy derived from MMSeqs clustering
: : Training Objective : .
: £= Ly + (= @Lrane + A Lcontrase : y
Compatibility learning: Distribution loss+ ranking + virus regularisation : \1Z =
] ' : :
--------------------------- : Virus Sub-species Nodes: S, = {sl, TN S|s,,|} .
; Edges: E;, = {(s,8) : wsg = g(dse)} -
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Host, Tissue Graph

Host, Tissue Encoder :
Hue = {hnclyer, = GV (G (Ene)) g 2 2
GCN-based GNN !

--------------------------------------

Host Tissue Graph

Tissue, Host Nodes: V, = {u} U {up: t € Ty}
Edges: Ej, = EM y g™

______________________________________
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:‘ Host, Tissue-Virus Fusion 0\ sa

.

. ~ P
= b ey = e+ $([hnelles]) | P

:‘ Asymmetric embedding fusion 0/ \@

N N N AR e R AN, -

E Prediction

E Shty = fscure(}_lh,t,v)

' Phew = softmax(sye, — B logm) 1|

:“ Tissue permissivity distribution ....

Training Objective
L= alaise + (1 = @)Lrank + A Leontrast

Compatibility learning: Distribution loss+ ranking + virus regularisation

, CVR

Centre for
Virus Research

1

1 Virus Encoder !
: H
T e, =Enc, (G,f“b,{es(u)}), e, ER? I I"' I !
; Subtype MLP-based + Pooling H
| R S —————— o
A RSP :
* Virus Representation '
: Gﬁ”b = (Sv: Ev) '
. S, derived from MMSegs clustering E
: £ .
. ' 5 :
. v ' :
: o /‘7‘ :
RN/ N :
i Virus Sub-species Nodes: S, = {sy,,s)5,]} +
© Edges: By, = {(5,9) : wes = 9(ds0)} :
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Host-Tissue Graph

m Tissues are modelled as a structured

system within each host

= Nodes: host, tissues
= Edges:
= kNN similarity -- gene expression
from Human Tissue Atlas [1]
= Host-tissue membership
» Features: compressed expression
proflle S Semin:resicle
= Encoder:

=  Multi-layer Graph
Convolutional Network (GCN)

» Learns tissue representations conditioned
on neighbouring structure
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Ovary

Tongue

e

Skeletal muscle Adrenal gland

Thyroid gland

Salivary gland

Heart
Kidney
. I.iér. .
) Lymphoid tissubntestine
. Prostate.
@
Skin
Endometrium
O
Esophagus
©
‘ Vagina
Cervix
) @

Retina

©

Pituitary gland
‘. Brain
» Epididymis
Te‘s;s .

Pancreas

()

Fallopian tube

Lung "
Choroid plexus

Stomach "
® O

Gallbladder

Urinary bladder

1. Mathias Uhlén et al. ,Tissue-based map of the human proteome.
Science347,1260419(2015). DOI:10.1126/science.1260419

Tissue system
Circulatory
Digestive
Endocrine
Exocrine
Hemolymphoid
Integumentary
Musculoskeletal
Nervous

Renal
Reproductive
Respiratory
Sensory

o000 OOOOS

Edges

s KNN expression similarity
= = Shared tissue system
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Host, Tissue Graph

Host, Tissue Encoder :
Hue = {hnclyer, = GV (G (Ene)) g 2 2
GCN-based GNN !

--------------------------------------

Host Tissue Graph

Tissue, Host Nodes: V, = {u} U {up: t € Ty}
Edges: Ej, = EM y g™
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:‘ Host, Tissue-Virus Fusion 0\ sa

.

. ~ P
= b ey = e+ $([hnelles]) | P

:‘ Asymmetric embedding fusion 0/ \@

N N N AR e R AN, -

E Prediction

E Shty = fscure(}_lh,t,v)

' Phew = softmax(sye, — B logm) 1|

:“ Tissue permissivity distribution ....

Training Objective
L= alaise + (1 = @)Lrank + A Leontrast

Compatibility learning: Distribution loss+ ranking + virus regularisation
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1 Virus Encoder !
: H
T e, =Enc, (G,f“b,{es(u)}), e, ER? I I"' I !
; Subtype MLP-based + Pooling H
| R S —————— o
A RSP :
* Virus Representation '
: Gﬁ”b = (Sv: Ev) '
. S, derived from MMSegs clustering E
: £ .
. ' 5 :
. v ' :
: o /‘7‘ :
RN/ N :
i Virus Sub-species Nodes: S, = {sy,,s)5,]} +
© Edges: By, = {(5,9) : wes = 9(ds0)} :
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Fusion
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 Host, Tissue-Virus Fusion
...................................... % ' [ ..-----------------------------------..‘.
: Host, Tissue Encoder P _ O\ @ ; . Virus Encoder :
: ' 1 — ] : :
- m K ' hh,t,v - hh,t + ¢([hh.t”ev]) | \‘ /: : : © el
E e = {hnedier, = GNNe(Gne (Ened) T T oo B e N e, = Enc, (65, (e()), e, € RY ]
' : . . . L ] . .
' C L i Asymmetric embedding fusion & ‘g : : , ;
1 GCN-based GNN . ‘Q 2 : Subtype MLP-based + Pooling :

1 A A A A R AR e e e "l I

- ------------------------------ s : Prediction B E --------------- o
! Host, Tissue Graph : E Shew = fscore(Rnew) : : Virus Representation :
E Tissue, Host Nodes: Vj, = {up} U {up i t € Ty} E ' Dhew = softmax(sp, — Blogm,) . . E GS*P = (Sy, Ey) :
! Edges: B, = E u E(W ! Tissue permissivity distribution EE ; Sy derived from MMSegs clusterin :
. ' T T | RS g . o) i
: : : 3 @ : :
E H . 1 1 ] =
. H : 1 ! ] =
: : Training Objective ! x @ &7 | ;
: : : '\l_l :
: : L= alaise + (1= OLrant + A Leontrase : :
: o o ) ) o i Virus Sub-species Nodes: S, = {sy,",55,} &
] : Compatibility learning: Distribution loss+ ranking + virus regularisation Y Edges: E, = ((5,8) : wys = g(ds)} :
] 1 1 '
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Fusion ®
Anty = hpe + ¢([hh,t”3v]) ¥

= Tissue permissivity is virus- o
conditioned

= Same tissue, different virus ** - ..@»w ne
- different outcome PR ad
= human-lung vs. human-lung + = » -
SARS-CoV-2 . v S

» Virus embedding modifies . ,
each tissue representation

= Learns virus-specific tissue
states, rather than fixed " s
virus-tissue edge scores
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 Host, Tissue-Virus Fusion
...................................... % ' [ ..-----------------------------------..‘.
: Host, Tissue Encoder P _ O\ @ ; . Virus Encoder :
: ' 1 — ] : :
- m K ' hh,t,v - hh,t + ¢([hh.t”ev]) | \‘ /: : : © el
E e = {hnedier, = GNNe(Gne (Ened) T T oo B e N e, = Enc, (65, (e()), e, € RY ]
' : . . . L ] . .
' C L i Asymmetric embedding fusion & ‘g : : , ;
1 GCN-based GNN . ‘Q 2 : Subtype MLP-based + Pooling :

1 A A A A R AR e e e "l I

- ------------------------------ s : Prediction B E --------------- o
! Host, Tissue Graph : E Shew = fscore(Rnew) : : Virus Representation :
E Tissue, Host Nodes: Vj, = {up} U {up i t € Ty} E ' Dhew = softmax(sp, — Blogm,) . . E GS*P = (Sy, Ey) :
! Edges: B, = E u E(W ! Tissue permissivity distribution EE ; Sy derived from MMSegs clusterin :
. ' T T | RS g . o) i
: : : 3 @ : :
E H . 1 1 ] =
. H : 1 ! ] =
: : Training Objective ! x @ &7 | ;
: : : '\l_l :
: : L= alaise + (1= OLrant + A Leontrase : :
: o o ) ) o i Virus Sub-species Nodes: S, = {sy,",55,} &
] : Compatibility learning: Distribution loss+ ranking + virus regularisation Y Edges: E, = ((5,8) : wys = g(ds)} :
] 1 1 '
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Prediction

...................................... . T R T P T e L TP e PP L T LR T T
:. Host, Tissue Encoder : 1 Host, Tissue-Virus Fusion 0\ @ E : Virus Encoder '
[ . . . .
. : . . H ' .
H 0 ' - Y @ . - d :
E Hp, = {hh,t}te-rh = GNNw((Gno {Ent}) e ! : Rty = hne + d([hnelles]) | P ‘\:;‘?_ : <= Does Enc, (G‘f"",{e§°)}), e, €RY E
: T S @ 9@ i ;
1 GCN-based GNN A :‘ Asymmetric embedding fusion & \@ : i Subtype MLP-based +Pooling .

...................................... Prediction
Shtv = f:?core(hh,t,v) N |
Priw = s0f tmax(sney — Blogm)  gul
Tissue permissivity distribution

Host, Tissue Graph Virus Representation

G0 = (S, Ey)

S, derived from MMSegs clustering

¥
%

Tissue, Host Nodes: Vj, = {up} U {up i t € Ty}
Edges: By = ES*9 U B

Training Objective

Virus Sub-species Nodes: S, = {s1,+, |5, 1}
Edges: E, = {(5,3) : wes = g(dgs)}
0 N e - Compatibility learning: Distribution loss+ ranking + virus regularisation . 4

L= aLlys + (1 =) Lyank + A Leontrast

| R e
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Prediction: Tissue Permissivity

Shity — fscore (i_lh,t,v)
Phty = Softmaxt(sh,t,v — B log 7Tt)

® Produces a ranked distribution over
tissues

= Higher probability = higher relative
permissivity

= Predictions are comparative across
tissues, not absolute infection risk
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Performance

= Full model consistently performed best across ranking and classification metrics

= Virus features (sequence-based embeddings) seemed to be the most essential
for discriminating tissue permissivity

= Tissue expression data improved performance beyond simple tissue labels
= Graph connectivity helped rank true permissive tissues more highly

Model setting Top-k recall Mean positive rank  AUC Best pooled binary F1
Full model | 0.768 3.60 0.842 0.663
No tissue expression | 0.583 4.80 0.752 0.511
No tissue identity | 0.620 5.22 0.761 0.562
No tissue-tissue edges | 0.594 5.47 0.813 0.596
No virus features | 0.367 9.82 0.688 0.392
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Results

= The model recovers
strong tissue-specific
signals, especially for
lung, brain, salivary
gland, skin, lymphoid
tissue, and intestine

= Lung was the best
recovered tissue by
held-out classification
metrics; intestine was
also consistently

prioritised

= Predictions remain
virus-specific, with
distinct permissivity
profiles across viral
groups
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Simplexvirus macacinealphal (NC 076164) =
Simplexvirus macacinealphai (NC 004812) -
Rubivirus rubellae -

Rotavirus betagastroentieritidis =

Rotavirus alphagastroenteritidis (GCF 004117615) =
Roseolovirus humanbeta? -

Respirovirus pneumoniae =

Respirovirus laryngotracheitidis -

Parechovirus ahumpari (NC 038319) -
Parapoxvirus orf =

Orthopoxvirus variola =

Orthopoxvirus monkeypox (NC 063383) -
Orthopneumovirus hominis (NC 001781) =
Orthoflavivirus murrayense =

Orthoavulavirus javaense (NC 039223) -
Norovirus norwalkense (NC 044932) -

Norovirus norwalkense (NC 044045) =

Norovirus norwalkense (NC 040876) -

Norovirus norwalkense (NC 039477) -
Morbillivirus hominis -

Molluscipoxvirus molluscum -

Mastadenovirus exoticum (AC 000011) =
Mastadenovirus dominans (AC 000006) =
Mastadenovirus caesari (AC 000017) =
Mastadenovirus caesari =

Mastadenovirus adami -

Mammarenavirus lassaense -

Lymphocryptovirus humangamma4 (NC 009334) -
Lymphocryptovirus humangamma4 (NC 007605) -
Kobuvirus aichi (NC 034971) =

Henipavirus hendraense -

Erythroparvovirus primate1 -

Enterovirus deconjuncti (NC 038308) -
Enterovirus deconjuncti (NC 001430) =
Enterovirus coxsackiepol =

Enterovirus betacoxsackie (NC 001472) -
Deiltaretrovirus priTlym1 -

Deltaretrovirus bovleu -

Bocaparvovirus primate2 -

Bocaparvovirus primate1 =

Betainfluenzavirus influenzae -

Betacoronavirus hongkongense =

Alphavirus venezuelan =

Alphavirus semliki -

Alphavirus rossriver =

Alphavirus madariaga =

Alphapapillomavirus 1 (NC 027779) -
Alphapapillomavirus 1 (NC 001586) -
Alphainfluenzavirus influenzae (GCF 000928555) -
Alphainfluenzavirus influenzae (GCF 000866645)
Alphainfluenzavirus influenzae (GCF 000865725)
Alphacoronavirus chicagoense (NC 048212)

A 4 . B D A A A L
5% %% % %00 %% %% %% %% % %% %% %405 %%
8 % B Y % B Y 0, B e By B, P O My h b % S Bk Y %, 2 % % & %
) S 2. G * Y% s [N % s, () D 2
2 Yt % % % R s F %, % % % %G % % e 2, ®
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> % ® % o > o o o %.

CVR

Centre for

Infection probability
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0.25

0.00
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Virus Family Ablation

= Ablation effects were

concentrated in specific virus Top5Virus g o AUC F1
families Familles
] Large famﬂy-speciﬁc dI‘OpS Baseline 0.768 0.842 0.663
indicate that virus embeddings Caliciviridae 0.675 0.675 0.675
contribute directly to tissue
ranking Poxviridae 0.717 0.717 0.717
» Neutral effects have been Orthoherpesviridae 0.722 0.722 0.722

recorded in some families which
suggests some reliance on
shared tissued priors and
sparse-label instability

% Medical A _ University
Research Gl
Council Qf 35g0W

Sedoreoviridae 0.722 0.722 0.722

Adenoviridae 0.729 0.840 0.661
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Tissue system / tissue
CNS / sensory
Brain
Choroid plexus
Retina
Digestive / hepatic
Esophagus
Gallbladder
Intestine
Liver
Pancreas
Stomach
Endocrine / glandular
Adrenal gland
Pituitary gland
Thyroid gland
Immune / blood
Lymphoid tissue
Muscle / skin
Heart
Skeletal muscle
Skin
Reproductive
Breast
Cervix
Endometrium
Epididymis
Fallopian tube
Ovary
Prostate
Seminal vesicle
Testis
Vagina
Respiratory / oral
Lung
Salivary gland
Tongue
Urinary
@® Kidney
W Urinary bladder
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Virus family / species
Adenoviridae
Mastadenovirus adami
Mastadenovirus caesari
Mastadenovirus dominans
Mastadenovirus exoticum
Arenaviridae
Mammarenavirus lassaense
Caliciviridae
Norovirus norwalkense
Coronaviridae
Alphacoronavirus chicagoense
Betacoronavirus hongkongense
Flaviviridae
Orthoflavivirus murrayense
Matonaviridae
Rubivirus rubellae
Orthoherpesviridae
Lymphocryptovirus humangammaé
Roseolovirus humanbeta7
Simplexvirus macacinealphal
Orthomyxoviridae
Alphainfluenzavirus influenzae
Betainfluenzavirus influenzae
Papillomaviridae
Alphapapillomavirus 1
Paramyxoviridae
Henipavirus hendraense
Morbillivirus hominis
Orthoavulavirus javaense
Respirovirus laryngotracheitidis
Respirovirus pneumoniae
Parvoviridae
Bocaparvovirus primatel
Bocaparvovirus primate2
Erythroparvovirus primatel

Picornaviridae
Enterovirus betacoxsackie
Enterovirus coxsackiepol
Enterovirus deconjuncti
Kobuvirus aichi
Parechovirus ahumpari
Pneumoviridae
Orthopneumovirus hominis
Poxviridae
Molluscipoxvirus molluscum
Orthopoxvirus monkeypox
Orthopoxvirus variola
Parapoxvirus orf
Retroviridae
Deltaretrovirus bovieu
Deltaretrovirus priTlym1
Sedoreoviridae
Rotavirus alphagastroenteritidis
Rotavirus betagastroenteriti
Togaviridae
Alphavirus madariaga
Alphavirus rossriver
Alphavirus semliki
Alphavirus venezuelan

vibelab.co.uk



Intestine

Medical
Research
Council

University
of Glasgow

CVR

Centre for
Virus Research

o> He

[ K J

®
|
A

Virus family / species
Adenoviridae
Mastadenovirus adami
Mastadenovirus caesari
Mastadenovirus dominans
Mastadenovirus exoticum
Arenaviridae
Mammarenavirus lassaense
Caliciviridae
Norovirus norwalkense
Coronaviridae
Alphacoronavirus chicagoense
Betacoronavirus hongkongense
Flaviviridae
Orthoflavivirus murrayense
Matonaviridae
Rubivirus rubellae
Orthoherpesviridae
Lymphocryptovirus humangammaé
Roseolovirus humanbeta7
Simplexvirus macacinealphal
Orthomyxoviridae
Alphainfluenzavirus influenzae
Betainfluenzavirus influenzae
Papillomaviridae
Alphapapillomavirus 1
Paramyxoviridae
Henipavirus hendraense
Morbillivirus hominis
Orthoavulavirus javaense
Respirovirus laryngotracheitidis
Respirovirus pneumoniae
Parvoviridae
Bocaparvovirus primatel
Bocaparvovirus primate2
Erythroparvovirus primatel

Picornaviridae
Enterovirus betacoxsackie
Enterovirus coxsackiepol
Enterovirus deconjuncti
Kobuvirus aichi
Parechovirus ahumpari
Pneumoviridae
Orthopneumovirus hominis
Poxviridae
Molluscipoxvirus molluscum
Orthopoxvirus monkeypox
Orthopoxvirus variola
Parapoxvirus orf
Retroviridae
Deltaretrovirus bovieu
Deltaretrovirus priTlym1
Sedoreoviridae
Rotavirus alphagastroenteritidis
Rotavirus betagastroenteriti
Togaviridae
Alphavirus madariaga
Alphavirus rossriver
Alphavirus semliki
Alphavirus venezuelan
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Virus family / species
Adenoviridae
Mastadenovirus adami
Mastadenovirus caesari
Mastadenovirus dominans
Mastadenovirus exoticum
Arenaviridae
Mammarenavirus lassaense
Caliciviridae
Norovirus norwalkense
Coronaviridae
Alphacoronavirus chicagoense
Betacoronavirus hongkongense
Flaviviridae
Orthoflavivirus murrayense
Matonaviridae
Rubivirus rubellae
Orthoherpesviridae
Lymphocryptovirus humangammaé4
Roseolovirus humanbeta7
Simplexvirus macacinealphal
Orthomyxoviridae
Alphainfluenzavirus influenzae
Betainfluenzavirus influenzae
Papillomaviridae
Alphapapillomavirus 1
Paramyxoviridae
Henipavirus hendraense
Morbillivirus hominis
Orthoavulavirus javaense
Respirovirus laryngotracheitidis
Respirovirus pneumoniae
Parvoviridae
Bocaparvovirus primatel
Bocaparvovirus primate2
Erythroparvovirus primatel

Picornaviridae
Enterovirus betacoxsackie
Enterovirus coxsackiepol
Enterovirus deconjuncti
Kobuvirus aichi
Parechovirus ahumpari
Pneumoviridae
Orthopneumovirus hominis
Poxviridae
Malluscipoxvirus molluscum
Orthopoxvirus monkeypox
Orthopoxvirus variola
Parapoxvirus orf
Retroviridae
Deltaretrovirus bovieu
Deltaretrovirus priTlym1
Sedoreoviridae
Rotavirus alphagastroenteritidis
Rotavirus betagastroenteriti
Togaviridae
Alphavirus madariaga
Alphavirus rossriver
Alphavirus semliki
Alphavirus venezuelan
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Virus family / species
Adenoviridae
Mastadenovirus adami
Mastadenovirus caesari
Mastadenovirus dominans
Mastadenovirus exoticum
Arenaviridae
Mammarenavirus lassaense
Caliciviridae
Norovirus norwalkense
Coronaviridae
Alphacoronavirus chicagoense
Betacoronavirus hongkongense
Flaviviridae
Orthoflavivirus murrayense
Matonaviridae
Rubivirus rubellae
Orthoherpesviridae
Lymphocryptovirus humangammaé4
Roseolovirus humanbeta7
Simplexvirus macacinealphal
Orthomyxoviridae
Alphainfluenzavirus influenzae
Betainfluenzavirus influenzae
Papillomaviridae
Alphapapillomavirus 1
Paramyxoviridae
Henipavirus hendraense
Morbillivirus hominis
Orthoavulavirus javaense
Respirovirus laryngotracheitidis
Respirovirus pneumoniae
Parvoviridae
Bocaparvovirus primatel
Bocaparvovirus primate2
Erythroparvovirus primatel

Picornaviridae
Enterovirus betacoxsackie
Enterovirus coxsackiepol
Enterovirus deconjuncti
Kobuvirus aichi
Parechovirus ahumpari
Pneumoviridae
Orthopneumovirus hominis
Poxviridae
Malluscipoxvirus molluscum
Orthopoxvirus monkeypox
Orthopoxvirus variola
Parapoxvirus orf
Retroviridae
Deltaretrovirus bovieu
Deltaretrovirus priTlym1
Sedoreoviridae
Rotavirus alphagastroenteritidis
Rotavirus betagastroenteriti
Togaviridae
Alphavirus madariaga
Alphavirus rossriver
Alphavirus semliki
Alphavirus venezuelan
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Embedding Space

&

Tissue system / tissue
a A CNS / sensory
‘ Brain
Choroid plexus
Retina
Digestive / hepatic
Esophagus
Gallbladder
Intestine
Liver
Pancreas
Stomach
Endocrine / glandular
‘Adrenal gland
Pituitary gland
Thyroid gland
Immune / blood
® Lymphoid tissue
Muscle / skin
&= » ® Heart
Skeletal muscle
Skin
Reproductive
Breast
Cervix
Endometrium
Epididymis
Fallopian tube
Ovary
Prostate
Seminal vesicle
Testis
Vagina
Respiratory / oral
Lung
Salivary gland
ay 0 Tongue
Urinary
° ® Kidney
L W Urinary bladder
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Virus family
Adenoviridae
Arenaviridae
Caliciviridae
Coronaviridae
Flaviviridae
Matonaviridae
Orthoherpesviridae
Orthomyxoviridae
Papillomaviridae
Paramyxoviridae
Parvoviridae
Picornaviridae
Pneumoviridae
Poxviridae
Retroviridae
Sedoreoviridae
Togaviridae
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Future Work & Challenges

= Expand to broader host ranges to evaluate host-specific tissue
tropism and see the relationships across hosts

» Build an updated curated virus—tissue dataset

=" Improve calibration of permissivity scores beyond ranking
performance

= We would like to validate predictions against experimental
and pathology-based evidence

M University
 of Glasgow
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Learn from observed virus-tissue

interactions
L= alyise + (1 —a)Lyignk + A Leontrast
= Learn tissue permissivity from sparse virus—tissue observations

= Optimisation focuses on relative compatibility, not binary
classification

= L.oss computed only on observed labels (masked supervision)
= Shared model generalises across viruses and tissues
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Tissue-Level Ablation

= Heart ablation produced the
strongest overall performance
drop

= Urinary bladder ablation caused
the largest recall decrease

» Tissue effects were not uniform,
suggesting that different tissue
embeddings contribute
differently to ranking,
discrimination, and threshold
classification

% Mnccal Y University
Council QfGlangW

. Recall % AUC % F1%
Top 5 Tissues
decrease decrease decrease
Heart 9.02 10.31 12.55
Skeletal muscle 7.04 4.1 3.53
Retina 6.43 2.53 1.7
Endometrium 0.88 1.8 4.11
Urinary bladder 11.68 1.78 5.21
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