Unique structural homologs

Aromatic acid detoxification

Protein KANVHS5 from Ascovirus was structurally homologous to Phenolic acid decarboxylase (PAD, Table S5),
a class of enzyme that decarboxylates phenolic compounds to their corresponding p-vinyl derivatives via a
non-oxidative mechanism (1). Although PADs have been identified in bacteria, amoeba, protozoa and algae,
this appears to be the first report from a virus. Ascoviruses multiply within the larval tissues of Lepidoptera, to
which they are eventually fatal (2). Lepidopteran larvae are voracious herbivores, encountering an array of
plant phenolic compounds generated for anti-herbivore defense. These compounds act by covalent inactivation
of larval digestive enzymes and covalent reaction with larval gut tissue (3, 4). They may be detoxified by
enzymes secreted into the gut lumen by the larva or the gut microbiota (5, 6).

Ascovirus-filled vesicles accumulate in the larval gut lumen before spreading throughout the larval body (7).
However, the products of some detoxification systems of the larval host, such as quinones produced by the
prophenoloxidases, remain toxic to viruses. Baculovirus infectivity, for example, is significantly lowered by the
binding of quinones to viral occlusion bodies (8). Ascovirus protein KANVH5 may serve to detoxify phenolics in
the host’s diet while diverting them away from quinone-producing pathways that could remain toxic to the virus.

K4NVHS5 had a second structural homolog, Burkholdia beta lacatamase, whose structural homology to various
aromatic acid decarboxylases (PADs, Ferulic acid decarboxylases and p-Coumaric acid decarboxylase) is
apparent in the RCSB database. The relationship between beta lactam ring-opening and aromatic acid
decarboxylation is unclear. They both involve hydrolysis at a carbonyl bond, though for beta lactamase this is
an N-C bond in a 4-membered ring, while for PAD it is a C-C bond and the carbonyl is part of a terminal
carboxyl group. Their catalytic mechanisms may not be related.

Ribosomal protein

The uncharacterized Emiliania huxleyi virus accession Q4A2G2 showed structural homology to Deinococcus
50S ribosomal protein L19 exceeding the 80% probability threshold (Table S5) as well as to the equivalent
protein from other prokaryotes, Archeae, and the S. cerevisiae mitoribosome (data not shown). Eukaryotic
cytoplasmic ribosomes possess no homolog to this protein. The large protein sequence family encompassing
L19 includes a homolog in the red algae chloroplast (Table 5) and, like red algae, the coccolithophore host of
Emiliania huxleyi virus is photosynthetic. Emiliania huxleyi virus may therefore modulate host photosynthesis
via its chloroplast ribosome. A number of other ribosomal proteins have recently been found in viruses (mainly
phage (9)), though to our knowledge this is the first report of a prokaryotic L19 homolog or of any prokaryotic-
type ribosomal protein in genome of a eukaryotic virus. Q4A2G2 is conserved in all Emiliania huxleyi virus
genomes sequenced to date.

Endocytosis

Ranavirus protein Q6GZV8 is structurally homologous to the ‘V-shaped’ domain of the human modular protein
PDCDG6IP/ALIX. PDCDG6IP/ALIX functions in the ESCRT pathway for intralumenal endosomal vesicle
formation, at the abscission stage of cytokinesis (10). It is also involved in the abscission and budding of
enveloped (lenti)viruses via hijack of the cellular ESCRT machinery (in which a short peptide motif in lentivirus
GAG protein interacts with ALIX V-shaped domain (11, 12)). Tiger frog virus (TFV), a member of the Ranavirus
genus, uses the ESCRT pathway during virus budding, recruiting ALIX and other proteins that bind to the
ESCRT protein complex to mediate its release from the host cell (13). We speculate that Q6GZV8 may be
involved in this pathway.

Pandoravirus protein AOAOB5JOR1 was structurally homologous to an SHD1 domain (“SLA1 homology domain
1”). SHD1 domains in yeast protein sla1p act as adaptors during endocytocis: In clathrin-coated vesicles sla1p
binds actin while its SHD1 binds cargo proteins containing an NPFX »D endocytic targeting signal. This signal
is found in plasma membrane proteins destined for rapid endocytic internalization (14-17). Instead of sorting to
the lysosomes for complete degradation, however, NPFX4 2D-containing proteins are recycled back to the



plasma membrane (17). In Pandoravirus, protein AOAOB5JOR1 might be acting as a decoy to block the
endocytotic destruction of viral membrane proteins.

Septum formation

Entomopox alpha protein W6J1Y4 showed structural homology to Pyrococcus protein SepF (Table S5). SepF is
involved in the binary fission of gram positive bacteria during septum formation between vestigial daughter
cells (18-20). SepF stimulates the bundling of protofilaments of the tubulin-like GTPase FtsZ protein, thereby
stimulating formation of the contractile FtsZ “Z ring” that marks the physical site of division of the mother cell
followed by ring constriction and fission (21). The C-terminal portion of SepF contains the FtsZ binding site and
is sufficient to promote FtsZ ring formation, while the N-terminal portion contains a transmembrane domain that
presumably anchors the Z ring to the dividing bacterial membrane, allowing the membrane to be pulled
inwards during contraction. Entomopox W6J1Y4 and Pyrococcus SepF are comparable in length (109 vs 131
aa, respectively) and the structural homology region covers the C-terminal FtsZ-binding portion of SepF (Table
S5). A prokaryotic tubulin-binding type domain therefore seems to have been co-opted in Entomopox alpha
due to its potential for binding the host cell cytoskeleton. Like bacterial SepF, Entomopox alpha W6JIY4 has an
N-terminal transmembrane region. A number of steps in virion morphogenesis may involve the cytoskeleton-
driven constriction or remodeling of membranes, an obvious candidate being virus budding and abscission as
promoted by cellular ESCRT complexes in many viruses (22). Speculatively, in Entomopox alpha, this role may
have adopted a prokaryotic-type constriction/vesicularization mechanism. However, to have such a
fundamental role in the virus lifecycle, the protein would likely be conserved among the Entomopoxviruses at
least, yet no W6JIY4 orthologs or SepF structural homologs were found in the two other Entomopoxvirus type-
species analyzed here (Table 1; data not shown) and no proteins with significant sequence similarity to
W6JIY4 were identified in BLASTP searches. This lack of conservation may be more typical of a viral defense-
type protein. Whatever its role, the structural homology detected here, only just exceeding our 80% threshold,
may indicate some divergence during its adaptation to a eukaryotic virus.

Gasdermin

Vaccinia protein A47 (P26673) showed structural homology to the C-terminal domain of Gasdermin A3. This is
a conserved auto-inhibitory domain found in various Gasdermins. Caspase-directed Gasdermin cleavage at a
linker region connecting the N- and C-terminal domains unmasks the N-terminal domain from auto-inhibition,
allowing it to undergo a conformational change that promotes oligomerization leading to the formation of
membrane-spanning pores (23), pyroptotic cell death, and cytokine release (24-26). A47 may be a molecular
decoy for the activated (unmasked) Gasdermin N-terminal domain, thereby suppressing pyroptosis. Protein
A47 is expressed early during Vaccinia infection and contains unusually high numbers of CD8+ T cell epitopes
able to prime T cells in vivo (27).

Proteasomal degradation

Megavirus protein K7YHS8 was structurally homologous to the N-terminal beta-grasp fold domain of
Arabidopsis NPL4-like protein 1. This fold is found in diverse protein families (28) including the compact
globular ubiquitin-like (UbL) domain found in ubiquitin and other proteins. UbL-containing proteins bind
substrates destined for degradation and also bind subunits of the proteasome, and thus regulate protein
turnover (29). The beta-grasp fold of NPL4-like protein 1 is likely also a UbL domain (28). NPL4 interacts with
the N-terminal domain of the AAA ATPase VCP/p97 (30) which has diverse functions in the cell mostly
centered around ubiquitin-dependent processes (31): For example, it facilitates the degradation of
monoubiquitylated, polyubiquitylated, and non-degradative ubiquitin chain-containing proteins. It also extracts
proteins from membranes and other cellular structures for degradation (or activation in the case of transcription
factors precursors). It seems possible that Megavirus protein K7YHS8 may regulate the degradation of
Megavirus proteins during infection.

Also in Megavirus, protein K7Z7B4 was structurally homologous to a variety of AAA domain containing
proteins, with K7Z7B4 residues 135 — 304 showing AAA domain alignment. A small subset of AAA domain
containing proteins, namely the AAA domain-containing proteasome regulatory subunits, showed more
extensive homology to K7Z7B4. The top homolog, overall, was 26S proteasome regulatory subunit 7 protein



(Table S5 - also known as PSMC2/RPT1/MSS1) (32). This appears to be the first finding of an MSS1 homolog
in a non-eukaryote. The 26S proteasome comprises a barrel-shaped, proteolytic 20S core with a 19S
regulatory “lid” at one or both ends. 19S serves to unfold ubiquitinated target proteins and to translocate them
into the 20S proteolytic chamber (33). 19S contains at least 18 subunits including a hexameric ring of six
distinct AAA ATPases - one of which is our top structural homolog, subunit 7. Subunit 7 appeared unique in
both the degree and extent of homology with K7Z7B4, being the only protein showing structural homology to
the N-terminal side of the AAA ATPase domain (K7Z7B4 residues 72 — 133), a region of unknown function.
Other proteasome regulatory subunits show homology within this region (residues 82 — 133) K7Z27B4, which
has the Pfam designation "Proteasomal ATPase OB C-terminal domain" (PF16450). However, since these
other regulatory subunits lacked RCSB structural data immediately N-terminal to residue 82, it was unclear
whether subunit 7’s slightly more extensive homology was real or illusory. Interestingly, K7Z7B4 lacks the
“AAA+lid” domain present in these proteasome regulatory subunits. K7Z7B4 may serve to modulate the target
specificity of the proteasome. In this regard, it would seem to be a reasonable partner for K7YHS8, above.
Nonetheless, some proteasomal regulatory subunits (eg. subunit 6A/PSMC3) are multifunctional, with roles in
transcriptional tumor suppression and binding to HIV TAT protein (34, 35). This appears to be the first finding
of a proteasomal subunit in a virus of any kind.

Hypoxic response

Chlorellavirus protein Q98541, which is currently annotated as an integral membrane protein, was found to be
a structural homolog of human HIG1 domain family member 1B, an integral membrane protein induced by
hypoxia (36) whose functions remain poorly understood. This may be the first identification of a HIG1 domain
family member in a virus.

Antimicrobial peptides

Cystine knot proteins: Cystine knots are highly stable structural motifs comprising four beta sheets crosslinked
by three disulfide bridges (37). One class of cystine knot proteins, the inhibitor cystine knot (“Knottin”) class,
exhibits toxic, insecticidal or anti-microbial activity (38, 39). The 217 residue Chloriridovirus protein Q197F5
and the 281 residue Mollivirus protein AOAOM5KJJ9 contained regions homologous to the Knottin motif.
Specifically, Q197F5 (residues 120 - 158) was homologous to the antimicrobial and antifungal peptides Alo-3
(Harlequin beetle, Table S5) and antimicrobial peptide 1 (Pokeweed, not shown) along with various conotoxins
and other toxin peptides (not shown). AOAOM5KJJ9 contains three adjacent regions of structural homology
(between residues 100 and 273) to the pharmacologically inert 32 residue peptide “Asteropsin G” from the
marine sponge Asteropus. While these regions of AOAOM5KJJ9 matched the general requirements for cystine
knots, they did not match the highly specific requirements for Knottin, perhaps consistent with the apparently
non-toxic character of Asteropsin G (40). We are therefore circumspect about whether AOAOM5KJJ9 has
actual knottin character. Cystine knots have been identified in many plants and animals, but have not, to our
knowledge, been reported in a virus.

Entomopox beta protein R4ZER6 was structurally homologous to Defensin-like protein 1 from horse chestnut,
which is a knottin-fold protein. Defensins more generally are arthropod and insect peptides active against
Gram-positive bacteria (41, 42). They are found in many species, including Lepidoptera, the insect host of beta
Entomopoxviruses (43).

Toxin-antitoxin systems

Marseillevirus contained three proteins comparable in size and structure to the 110-residue E. coli multidrug
resistance-conferring membrane protein EmrE. EmrE belongs to a family of small multidrug resistance (SMR)
transporters driving the efflux of aromatic cationic drugs from the cytoplasm via a drug/H" antiport mechanism
(44). EmrE’s transport substrates have few common structural features (44). (45). More than 200 SMR genes
have been identified in bacteria (plus a few archaea) including bacterial strains with multiple paralogs (45). All
share a critical conserved glutamate (Glu-14) also present in one of the Marseillevirus proteins (D2XACS;
residue 15). Their occurrence on plasmids or their proximity in the bacterial chromosome to insertion elements
(e.g. EmrE is encoded within the DLP12 cryptic lambdoid prophage region of the E. coli chromosome)
suggests a strategy for gene spread via horizontal gene transfer. EmrE homologs were previously found in two



Yellowstone Lake phycodnavirus metagenomes (46). Additional Marseillevirus orthologs of the three
Marseillevirus proteins can be found by BLASTP (data not shown). These maybe the first identifications of
members of this SMR protein family in eukaroytes or their viruses, and their roles are not obvious, though
paralogous bacterial transporters show substrate complementarity (45). Drug resistance proteins may occur in
NCLDV to promote virus persistence via symbiosis, immunity or addiction (47) or due to their amoebal hosts
residing in complex aqueous and phagocytic environments.

Marseillevirus protein D2XAS7 showed structural homology to the short E. Coli antitoxin GhoS - an
endoribonuclease that targets a specific site in a specific E. coli mMRNA — namely that for toxin GhoT (48).
GhoT functions by damaging the E. coli inner membrane via the formation of transient transmembrane pores
(48, 49). Due to the nature of its fold (E. coli GhoS shows structural homology to the short CRISPR-associated
sequence-specific endoribonuclease CAS2 (48)) we speculate that D2XAS7 acts as an endoribonuclease
during Marseillevirus infection, though evidence it has antitoxin function therein is lacking.

Glycosylation and oligosaccharide degradation

Chlorellavirus protein Q84630 was identified as a structural homolog of bacterial membrane endo-alpha-
mannosidase, an enzyme required for cell wall biosynthesis (50, 51). The latter enzyme is a structural
prototype for glycan trimming enzymes of the endoplasmic reticulum (51). Cellular mannosidases function
early during the diversification and maturation of protein-attached glycans in the ER and Golgi. Viral surface
and secreted proteins are glycosylated (52), and the hijacking of N-glycan synthesis can occur in viral and
other diseases (51). Mannosidases are also implicated in ER-associated protein degradation (53).
Speculatively, Q84630 may serve to redirect the host protein glycosylation machinery to the production of an
antigenically distinct pattern of viral protein glycosylation.

Mimivirus protein E3VYKS8 was structurally homologous to two enzymes with roles in cleaving oligosaccharides
at the glycosidic bond, namely the crystallized N-terminal region of beta galactosidase from Bacteroides, and
beta-1,4-mannooligosaccharide phosphorylase. Entomopox beta proteins R4ZE02 and R4ZERS5, showed
structural homology to the N-terminal alpha-helical domain of streptococcal Hyaluronate lyase (54), a secreted
enzyme that promotes bacterial tissue invasion by degrading the glycosaminoglycans found in extracellular
matrix (55). The N-terminal alpha-helical domain in polysaccharide lyase family 8 (PL8) enzymes possesses
the catalytic site and contributes one side of a structural cleft that binds substrate (54). Glycosaminoglycans
are found in the insect midgut (56, 57), and the degradative activities of R4ZE02 and R4ZER5 may facilitate
the host spread of Entomopox beta. Alternatively, in entomopoxvirus this domain may have lost catalytic
activity - providing, instead, a viral attachment protein acting in comparable fashion to the glycosaminoglycan-
binding chordopoxvirus attachment proteins (58-60).

Structural domains
ssDNA binding domains: Emiliania Huxleyi Virus protein Q4A2A1 showed three apparent single-stranded DNA

binding domains covering three distinct types of OB fold (Table S5). It may have a role in virus genome
replication and/or the maintenance of virus genome telomeres.

Coiled-coil domain: Two overlapping regions of the 447 residue Lymphocystivirus protein Q677M6 (residues
298 - 376 and 346 — 425) showed structural homology to a 121-residue core domain of the 155 residue
Bacillus lipoprotein GerD. GerD is located in the inner membrane of the bacterial spore and functions in its
rapid response to external germinants (61). The 121-residue core peptide forms an alpha helical homotrimer in
solution and crystallizes into a neatly twisted superhelical rope (62) that may nucleate the clustering of spore
inner membrane proteins. The corresponding triple-helical region in Lymphocystivirus could play any number
of roles in virus biology. Vaccinia attachment protein A27, for example, forms a triple coiled-coiled homotrimer
(63-65).

Ars operon repressor: A 69 residue region of the 290 residue Faustovirus protein AOAOH3TLY8 is structurally
homologous to the 120 residue protein ArsD, a plasmid-encoded trans-acting repressor of the bacterial

arsenical resistance (‘ars’) operon (arsRDABC). ArsD represses the operon to basal levels in the absence of
trivalent/pentavalent arsenite or antimony metalloids (66) by binding a 24 nt segment of the ars promoter (66)




and is released from DNA by arsenite binding. ArsD also sequesters toxic intracellular metalloids (67) and
shuttles them to the ATPase component of the arsenical pump (ArsA, encoded within the arsRDABC operon)
for reduction and expulsion (68). It seems unlikely that Faustovirus AOAOH3TLY8 has any metal binding role
since none of the metal-binding cys of ArsD (69, 70) are conserved (AOAOH3TLY8 is entirely cys-free).
However, this fold may have been co-opted for its DNA binding properties or some other role.
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Figure S1. Substantial query/target overlap in the overwhelming majority of matches: Overview of the range of match-types
encountered.

Figure S1, example #1 (VERY COMMON)

Query protein (single domain):
Homology across full length of both query and target

Query protein

Target protein



Figure S1, example #2 (VERY COMMON)

Query protein (multidomain):
Full length of query matches full length of target

J
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Domain 1 Domain 2

' | Y
Domain 1 Domain 2

Query Protein

Target protein



Figure S1, example #3 (COMMON)

Query protein (multidomain):
Query matches two crystal structures from same target, but covering different domains

Query protein

Target protein — domain #1 — crystal structure #1
Target protein — domain #2 — crystal structure #2
Target protein = residues not present in crystal structure




Figure S1, example #4 (LESS COMMON)

Query protein (any):
Query has homology to one target, plus an additional large area of the query (> 100 amino acids) with no homologs

Query protein

Target protein



Figure S1, example #5 (UNCOMMON)

Query protein (multidomain):
Different regions of the query have homology to domains from crystal structures of different target proteins

Query protein

Target protein # 1 = Capsid protein
Target protein # 2 = Chitin binding domain
Non homologous region(s) of target proteins



Figure S1, example #6 (UNCOMMON)

Query protein (any):
Repeating and overlapping homology regions in query, to repeat-rich targets e.g. Ankyrins, Collagen or Myosin-like proteins

Query protein

Target proteins = repeats of the same domain




Figure S1, example #7 (VERY UNCOMMON)

Query protein (any):
Target protein has no Pfam or Superfamily — annotated, here, without Pfam

Query protein

Target protein



Figure S1, example #8 (VERY UNCOMMON)

Query protein (any):
One major domain of target protein, plus one transmembrane domain

Query protein

Target protein #1 = Major domain
Target protein #2 = helical transmembrane domain
Non-homologous region(s) of target proteins




Figure S1, example #9 (VERY UNCOMMON)

Query protein (any):
Helical transmembrane domain, only, identified in query

Query protein

Target protein’s helical transmembrane region
Target protein’s non-homologous region



CONSENSUS TREE:

the numbers forks indicate the number

of times the group consisting of the species
which are to the right of that fork occurred
among the trees, out of 1.00 trees

(trees had fractional weights)
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Figure S3. Phylogenetic tree inferred from a binary trait matrix of DNA-dependent RNA polymerase
subunit/transcription factor presence/absence, generated using ‘Dolpenny’ (ref. 95 in the main manuscript) and
‘Consense’ from the PHYLIP package as described in “MATERIALS AND METHODS” in the main text. The
tree shown is an “extended majority rule consensus” from the top 1000 individual trees.
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Figure S4. Multiple sequence alignment (ClustalW) of a cluster of RNA polymerase subunit RPB8 homologs
encoded by Emiliania-Huxleyi viruses found using Q4A223 EHV8U (arrowed) as a BLASTP query. BLASTP e-
values ranged from 10* to 10”°. The alignment includes yeast RPB8 (top) from which amino acids 72 - 107
were removed (since they were absent from all viral sequences). Colors show similarity in amino acid chemical
properties, and the consensus sequence is shown above the MSA. EhV orthologs fell into two apparent
phylogenetic groups: V5LSH6 (EhV156), GBDFX0 (EhV-202), VSLNU4 (EhV-18) and Q4A223 (EhV-86),
V5LUS9 (EhV-164), VSLPG3 (EhV-145), G3GNZ9 (EhV-84), G4YAS2 (EhV-88), G4YBAS (EhV-207), G3GQ88
(EhV-203), G4YDA40 (EhV-208), GO9E4E4 (EhV-201), D2TEV6 (EhV-99B1). These two groups showed around
71% amino acid similarity to one another, while yeast showed around 35.7% similarity with group 1. EhV
orthologs were first aligned against each other by alignment order, then aligned against yeast RPB8 with fixed
input order.
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ETF1

# WEBSEQUENCE Length: 637

# WEBSEQUENCE Number of predicted TMHs: 1

# WEBSEQUENCE Exp number of AAs in TMHs: 29.1362699999999999
# WEBSEQUENCE Exp number, first 60 AAs: 19.57801

# WEBSEQUENCE Total prob of N-in: 0.64081

# WEBSEQUENCE POSSIBLE N-term signal sequence

WEBSEQUENCE TMHMM2.0 inside 1 40
WEBSEQUENCE TMHMM2.0 TMhelix 41 63
WEBSEQUENCE TMHMM2.0 outside 64 637

TMHMM posterior probabilities for WEBSEQUENCE

T T T T T

probability

0 100 200 300 400 500 600

outside
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transmernbrane

Figure S5. Strongly-predicted N-terminal TM domain/membrane anchor at positions 41 — 63 of protein ETF1.
SignalP 5.0 identified no secretory signal peptide in this region. None of the other transcriptosome proteins had
a strongly predicted membrane anchor.



| Table S4. New/expanded trans-NCLDV protein families. For each row, structural homology combined with annotation associated with the structural h
Column 4: UniProt “Protein” field. Columns 5, 6: Pfam(s) covering, or overlapping with, the structural homology region (from the structural homolog’s

NCLDV that was previously annotated as in column 6. Column 10: For a homology region covering the entire structural homolog, this is from UniProt’

PF07690 and PF00854, the Pfam hits to Mollivirus (previously) and Pandoravirus (here), respectively.

AOAO0BS5J3T1 (Pandoravirus)

sensory protein (MCP-like protein)

Structural homolo Structural Pfam(s)
NCLDV query accession(s) accession(s) 9 homolog Structural homolog name overlapping the Pfam descriptor(s)
organism homology region
D2XAQ6 (Marseillevirus) . i R . . 5 .
055739 (Iridovirus) Q9POM2 (5jj2_A) Human A-kinase anchor protein 7 isoform gamma PF10469 AKAP7 2'5' RNA ligase-like domain
. AOAOB8QKVS5 (1zuj_A) Lactococcus . . . . T .
Q84547 (Chlorella virus) POCB53 (2¢f7_A) Streptococcus DNA protection during starvation protein PF00210 Ferritin-like domain
K7Z8N4 (Megavirus) . A . R .
AOAOG2Y127 (Mimivirus) Q4Wz11 (3w0e_A) Aspergillus Elastase inhibitor AFUEI PF11720 Peptidase inhibitor 178 family
K7YW37 (Megavirus) . L . Nematode fatty acid retinoid binding protein
AOAOG2Y3W1 (Mimivirus) W2SRJ3 (4uet_A) Nematode Fatty acid retinoid binding protein PF05823 (Gp-FAR-1)
AOAOB5JB34, AOAOB5JCF5 (Pandoravirus) AOAOM3KKZ1 (4wbv_A) Yersinia di-/tripeptide transporter CL0015 Major Facilitator Superfamily
K7Z7J6, K7Z8Q9, K7YFQ8 (Megavirus) . . .
AOAOG2Y657, AOAOG2YOM2, F8VBJ0 (Mimivirus) Q8MQJ9 (4zIr_B) Drosophila Brain tumor protein PF01436 NHL repeat
K7YFR4 (Megavirus) .
AOAOG2YBR1 (Mimivirus) Q6Y7T6 (4csh_C) Staphylococcus Phage K_071 PF05257 CHAP domain
AOAOMSKAFO (Mollivirus) Q9S508 (3ff0_A) Pseudomonas | Phenazine biosynthesis protein B2 PF03284 Phenazine biosynthesis protein A/B
AOAOB5JDI3 (Pandoravirus) Q9GSQI (1n1i_A) Plasmodium Merozoite surface protein 1 PF12946 MSP1 EGF domain 1
- P PF12947 EGF domain
. P39825 (3d9y_A) Yeast - -
Q98542,Q98543 (Chlorella virus) QO5VF7 (1acf_A) Acanthamoeba Profilin PF00235 Profilin
Q4A216 (Emiliania-Huxleyi virus) QOSDB1 (4ubr_A) Rhodococcus Tautomerase_3 domain-containing protein X
D2XAY5 (Marseillevirus) P70994 (2opa_A) Bacillus 2-hydroxymuconate tautomerase PF01361 4-Oxalocrotonate Tautomerase
K7YAA9, K7YUX8, K7YXF3, K7Z9ES5 (Megavirus) E7FCY1 (4BXR_A) Zebrafish Centromere protein J PE07202 T-complex protein 10 C-terminus
AOA0G2YCB3, AOAOG2YCBS5, AOA0G2Y4L1 (Mimivirus) Q9VI72 (AMPZ_A) Drosophila Spindle assembly abnormal 4 plex p
K7Z767 (Megavirus) . R A
E3VYL3 (Mimivirus) POA8HS8 (1LV3_A) E. coli DNA gyrase inhibitor YacG PF03884 DNA gyrase inhibitor YacG
W6JPK9, W6JIZ4 (Entomopox alpha) PF17416 Herpesvirus Glycoprotein B
R4ZDQO, R4ZES4 (Entomopox beta) P06437 (2gum_A, 5fz2_A Herpesvirus Envelope glycoprotein B PF17417 Herpesvirus Glycoprotein B PH-like domain
Q9YVZ3, Q9YW15 (Entomopox unclass.) PF00606 Herpesvirus Glycoprotein B ectodomain
AOAOM5KACS (Mollivirus) B6JPK4 (3ub6_A) Helicobacter Methyl-accepting chemotaxis transmembrane PE17200 Single Cache domain 2




Table S5. Structural homologies found uniquely in individual NCLDV. Almost all had a prior annotation of “Uncharacterized” (column 2). Columns are
Column 9: Probability values >99.8% are shown to two decimal places. Column 10: All functional annotation are sourced. Each row represents a disti
highest scoring member of a family of equivalent proteins. The four exceptions are: Rows 1 and 16 (K4NVH5 and E3VYKS8): Two distinct families of s
multiple homologs with similar match probability; Row 9 Q4A223: Albeit 2f3i_A matched with marginally higher probability, 4ayb_G’s homology regior

NCLDV query accession(s) NCLDV query annotation Structural homolog Structural homolog Structural homolog name :;r':t;tll;ral ¢
query query accession(s) organism 9 regiongy he
. ) . 007006 (2p8g_A) Bacillus subtilis Phenolic acid decarboxylase PadC 5-106 (91%)
KANVHS (Ascovirus) Uncharacterized protein A4JJY8 (5hal_A) Burkholderia vietnamiensis Uncharacterized protein] 3-105 (92%)
Q4A2G2 (Emiliania huxleyi virus) Uncharacterized protein Q9RWB4 (5dm6_M) Deinococcus radiodurans 50S ribosomal protein L19 4-56 (85%)
Q6GZVS8 (Iridovirus/Ranavirus) Uncharacterized protein 017L Q8WUM4 (2r03_A) Human Programmed cell death 6-interacting protein 141-406 (53%)
W6JIY4 (Entomopox alpha) Uncharacterized protein 16V3Q6 (3zig_A) Pyrococcus furiosus Uncharacterized protein 37-104 (61%)
P26673 (Vaccinia) Protein A47 Q5Y4Y6 (5b5r_A) Mus musculus Gasdermin-A3 61-245 (73%)
K7YHS8 (Megavirus) Uncharacterized protein QILYC2 (1wf9_A) Arabidopsis thaliana NPL4-like protein 1 7-82 (90%)
K7Z7B4 (Megavirus) Uncharacterized protein P35998 (514g_H) Human 26S proteasome regulatory subunit 7 72-304 (76%)
Q98541 (Chlorella virus) Uncharacterized protein Q9P298 (2lon_A) Human HIG1 domain family member 1B 3-66 (83%)
- o ) . P52434 (2f3i_A) Human DNA-directed RNA polymerases |, Il, and Il subunit RPABC3 5-57 (46%)
Q4A223 (Emiliania huxleyi virus) Uncharacterized protein B8YB59 (4ayb_G) Saccharolobus shibatae B12 RNA polymerase subunit 8 7-100 (83%)
S L . . ! Acrocinus longimanus I . . o
Q197F5 (Iridoviridae/Chloriridovirus) Uncharacterized protein 005L P83653 (1g3j_A) ) Anti-microbial peptide Alo-3 120-158 (18%)
(Harlequin beetle)
Asteropus 103-131 (10%)
AOAOMSKJJ9 (Mollivirus) Uncharacterized protein AOA1TA9T940 (2n3p_A) ) p Asteropsin_G 167-198 (11%)
(marine sponge) R o
241-268 (10%)
. . Aesculus hippocastanum . . : o
R4ZERG6 (Entomopox beta) Uncharacterized protein Q7M1F3 (1bk8_A) (Horse-chestnut tree) Defensin-like protein 1 44-78 (43%)
D2XAMO (Marseillevirus) Uncharacterized protein 65-102 (35%)
D2XAC8 (Marseillevirus) Small membrane protein P23895 (2i68_A) Escherichia coli Multidrug transporter EmrE 5-105 (94%)
D2XAC9 (Marseillevirus) Small membrane protein 13-110 (87%)
D2XAS7 (Marseillevirus) Uncharacterized protein POAF61 (2liz_A) Escherichia coli Endoribonuclease antitoxin GhoS 15-93 (70%)
Q84630 (Chlorella virus) Uncharacterized protein Q8A109 (4acy_A) Bacteroides thetaiotaomicron Endo-alpha-mannosidase 173-437 (61%)
Lo . . Q8A921 (5muj_A) Bacteroides thetaiotaomicron Beta galactosidase 51-352 (85%)
E3VYK8 (Mimivirus) Uncharacterized protein R118 D9ZDQ9 (4udg_F) Uncultured organism Uncharacterized protein 27-352 (91%)
R4ZE02 (Entomopox beta) Uncharacterized protein ; 72-290 (34%)
RA4ZER5 (Entomopox beta) Uncharacterized protein Q53591 (1f1s_A) Streptococous agalactiae Hyaluronate lyase 87-303 (33%)
Q8Q045 (2kbn_A) Methanosarcina mazei Conserved protein 16-89 (16%)
Q4A2A1 (Emiliania huxleyi virus) Uncharacterized protein P27694 (1jmc_A) Human Replication protein A 70 kDa DNA-binding subunit 17-210 (43%) F

013988 (1gzg_A)

Schizosaccharomyces pombe

Protection of telomeres protein 1

264-331 (15%)

Q677M6 (Iridovirus/Lymphocystivirus)

Uncharacterized protein

Q5L3Q1 (4o8w_A)

Geobacillus kaustophilus

Spore germination protein

298-425 (28%)

AOAQOH3TLY8 (Faustovirus )

Uncharacterized protein

P46003 (3mwh_A)

Escherichia coli

Arsenical resistance operon trans-acting repressor ArsD

26-94 (23%)

AOAOB5JOR1 (Pandoravirus)

Uncharacterized protein

P32790 (2hbp_A)

Saccharomyces cerevisiae

Actin cytoskeleton-regulatory complex protein SLA1

54-93 (11%)
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