
Supplementary Figure S1. Workchart for building of the protein clusters.  

Collecting all the ORFs
from complete NCLDV genomes

available in NCBI database
33,154 ORFs from 99 genomes

Making the initial set of the protein
clusters using OrthoMCL1 with

parameters : e-value 10-8, inflation value 4.5 and PercentMatchCutOff 50
Before blasting the blast database was masked with segMasker tool and 

db_soft_masking parameter was used to reduce the effect of repeat proteins 
in the dataset.  

As a result 5,456 initial clusters and 9,844 singleton 

Sequence alignment with ClustalOmega2 for each protein cluster. 
For the each of the alignment secondary structure prediction was

made with tool "addss" of HH-suite package3 following building
profiles with "hhmake" tool.     

The resulting profiles were screened against each other
and also singletons ORFs were screened against profiles. If the probability

 was ≥ 0.95 and coverage of hit and query were higher than 50%, the 
protein clusters or protein cluster and singleton ORF were combined.

After this step there were 3,464 protein clusters (inc. 24,409 ORFs) and 8,745 singleton proteins.



Supplementary Figure S2. Number of NCLDV genomes sharing a protein cluster. The graph shows how many protein clusters are shared by a certain number of 

NCLDV genomes.  
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Supplementary Figure S3. Phylogeny of Poxvirus late transcription factor VLTF3-like (Pfamid: PF04947)
open-reading frames. The tree is based on the amino acid sequences representing the protein cluster 1 in the
Figure 1 (Identifier in the data set: cluster_11) and the best five blastp hits outside NCLDVs for each NCLDV sequence
 (e-value < 10-5). The screen was done against NCBI non-redundant protein database (downloaded on 

the 18th of July 2016). The proteins which length was less than 80 % from the average length of the VLTF3-like domain
in the dataset, were removed. The eukaryotic sequences were checked for contaminants. The scaffold in which
corresponding eukaryotic gene located, had to contain an ORF that received the best hit from an eukaryotic ORF in
another scaffold. The alignment was performed using MAFFT v7 L-INS-i4. The alignment was trimmed using Trimal

with "automated1" settings5. Sites present only in a single sequence, were removed. The length of final alignment was

150 sites for 110 sequences. The tree was inferred under LG+C606,7 model in PhyloBayes8. The posterior probabilities

that are higher than 0.95 are indicated with black dots. iTOL9 was used for visualization of the phylogeny.
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Supplementary Figure S4. Phylogenetic tree for Poxvirus A32 protein (packaging ATPase) (Pfam: PF04665). The

tree is based on the amino acid sequences representing the protein cluster 2 in the Figure 1 (identifier in the data set:

Cluster_9). The tree was processed as described Supplementary Figure S3. The alignment was checked and sites

conserved less than 30 % sites were removed. The lengths of the final alignments were 129 sites for 117 sequences.
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Supplementary Figure S5. Phylogenetic tree polymerase B family DNA polymerases (Pfamid: PF00136). The tree is based

on the amino acid sequences representing the protein cluster 4 in the Figure 1 (identifier in the data set: cluster_12), and 

the best five pblast hits outside NCLDVs for each NCLDV sequence (e-value < 10-5). The screen was done against NCBI

non-redundant protein database (downloaded on the 18th of July 2016). To expand the selection of sequences, more

distant members of DNA polymerase were considered including representatives from all archaeal phylums as well as

eukaryotic polymerases δ , ζ and  α. Eukaryotic polymerase ε and phage polymerases were left out due to short
sequence similarity (they shortened the alignment from 334 sites to 192 sites). As polymerase proteins contain multiple

domains that may disturb the alignment, the polymerase domains were identified using Interproscan10, and to confirm

the completeness of the domain, 100 amino acids were added at the both ends. These extracted sequences were

processed and aligned as in the Supplementary Figure S3. The tree was inferred under LG+C606,7 model in IQ-TREE11

 with ultrafast bootstrap12, because the tree did not converged in PhyloBayes. The ultrafast boostrap values that are higher

than 0.95 are indicated with black dots.

 



Eukaryota

Poxviridae

Mimiviridae

Marseilleviridae

pithovirus

Iridoviridae

Ascoviridae

Phycodnaviridae

pandoravirus

mollivirus

Asfarviridae

Tree scale: 1

mollivirus

Ascoviridae

Mimiviridae

pandoravirus

Pandoravirus

Poxviridae

Eukaryota

Galdieria sulphuraria
(Rhodophyta, Bangiophyceae)

PithovirusAsfarviridae

Marseilleviridae

pithovirus

Insect-infecting
Iridoviridae

Insect-infecting
Iridoviridae

Vertebrate-infecting Iridoviridae

Chrysochromulina ericina virus and
Phaeocystis globosa virus
(both Haptophyta-infecting)

Unclassified Phycodnaviridae

Chrysochromulina ericina virus and
Phaeocystis globosa virus
(both Haptophyta-infecting)

Chloroviruses
(Chlorophyta-infecting)

Chrysochromulina ericina virus and
Phaeocystis globosa virus
(both Haptophyta-infecting)

Cafeteria roenbergensis virus
(Stramenopile-infecting)

Aureococcus anophagefferens virus
(Stramenopile-infecting)

Supplementary Figure S6. Phylogenetic tree for disulfide (thiol) oxidoreductase, Erv1/Alr family 
(Pfam: PF04777). The tree is based on the amino acid sequences representing the protein cluster 6 in the 
Figure 1 (identifier in the dataset: cluster_13). The sequences were selected, processed and aligned as
in Supplementary Figure S3. Eukaryotic sequences locating in independent branches separately
from the other eukaryotic sequences were screened for potential contaminants. The length of the final alignment
was 80 sites for 261 sequences. 
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Supplementary Figure S7. Phylogenetic tree for Poxvirus A22 protein (Pfamid: PF04848). The tree is
based on the amino acid sequences representing the protein cluster 7 in the Figure 1 (identifier in the dataset:
cluster_15). The sequences were selected, processed and aligned and phylogeny made as in Supplementary
Figure S3. The length of the final alignment was 98 sites for 95 sequences. 
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Supplementary Figure S8. Copy number variation in NCLDV genomes. The copy number for each protein cluster within each

NCLDV genome was calculated. From these data three scatter plots were generated. The highest copy number of all protein clusters in

each NCLDV genome compared to the NCLDV genome size (A), the proportion of multicopying ORFs (>2) within a NCLDV

genome compared to the NCLDV genome size (B). The average copy number of protein clusters (single copy proteins were left out)

compared to the NCLDV genome size (C).  
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Supplementary Figure S9. The Jaccard indices indicating proportion of shared protein clusters between NCLDVs and cellular life or other viruses. The Jaccard index describes the size of intersections between two groups. The higher the Jaccard 

index is the bigger is the proportion of the shared protein clusters. The Jaccard indices are calculated from bipartite network in Figure 3. The protein cluster is considered to be present in cellular life or other viruses if at least one protein cluster

member receives a protein blast hit outside NCLDVs from cellular life or other virus. The screen was done against NCBI non-redundant protein database that was downloaded on the 18th of July 2016. NCLDV species and families are

shown on the top of the heatmap and cellular life or virus taxonomy on the right. The Jaccard index scale is presented on the right.
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Supplementary Figure S10. Heatmap of the Jaccard indeces indicating the proportion of shared protein clusters between the NCLDV genomes. The Jaccard index describes the size of intersections between two groups. The higher the Jaccard 

index is, the bigger is the proportion of the shared protein clusters. The Jaccard indices are calculated from the bipartite network in Figure 3. The screen was done against NCBI non-redundant protein database (downloaded on the 18th of July 2016). NCLDV families or groups

are indicated with bars and lines on the right side and top of the heatmap. The Jaccard index scale is presented on the right. 
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Supplementary Table S1. The  NCLDV genome assemblies used in the study

Number Family/genus Species Accession (NCBI assembly) Reference

1 Ascoviridae Heliothis virescens ascovirus 3e GCF_000871485.1 13

2 Ascoviridae Spodoptera frugiperda ascovirus 1a GCF_000867605.1 14

3 Ascoviridae Trichoplusia ni ascovirus 2c GCF_000868565.1 15

4 Ascoviridae Diadromus pulchellus ascovirus 4a GCF_000881595.1 16

5 Asfarviridae African swine fever virus GCF_000858485.1 17

6 Iridoviridae Invertebrate iridescent virus 3 GCF_000869125.1 18

7 Iridoviridae Invertebrate iridescent virus 6 GCF_000838105.1 19

8 Iridoviridae Armadillidium vulgare iridescent virus GCF_000923155.1 20

9 Iridoviridae Invertebrate iridescent virus 22 GCF_000916235.1 21

10 Iridoviridae Invertebrate iridescent virus 30 GCF_000915575.1 21

11 Iridoviridae Invertebrate iridovirus 22 GCF_000909775.1 22

12 Iridoviridae Invertebrate iridovirus 25 GCF_000914535.1 23

13 Iridoviridae Wiseana iridescent virus GCF_000891235.1 24

14 Iridoviridae Anopheles minimus irodovirus GCF_000918955.1 25

15 Iridoviridae Lymphocystis disease virus - isolate China GCF_000844885.1 26

16 Iridoviridae Lymphocystis disease virus 1 GCF_000839605.1 27

17 Iridoviridae Infectious spleen and kidney necrosis virus GCF_000848865.1 28

18 Iridoviridae Ambystoma tigrinum stebbensi virus GCF_000841005.1 29

19 Iridoviridae Epizootic haematopoietic necrosis virus GCF_001448375.1 30

20 Iridoviridae European catfish virus GCF_000897115.1 31

21 Iridoviridae Frog virus 3 GCF_000844425.1 32

22 Iridoviridae Singapore grouper iridovirus GCF_000846905.1 33

23 Iridoviridae Short-finned eel ranavirus GCF_001678255.1 34

24 Iridoviridae Scale drop disease virus GCF_001274405.1 35

25 Marseilleviridae Marseillevirus marseillevirus GCF_000887095.1 26

26 Marseilleviridae Lausannevirus GCF_000893455.1 37

27 Marseilleviridae Melbournevirus GCF_000924835.1 38

28 Marseilleviridae Tokyovirus A1 GCF_001654305.1 39

29 Mimiviridae Cafeteria roenbergensis virus BV-PW1 GCF_000889395.1 40

30 Mimiviridae Acanthamoeba polyphaga mimivirus GCF_000888735.1 41

31 Mimiviridae Acanthamoeba polyphaga moumouvirus GCF_000904035.1 42

32 Mimiviridae GCF_000893915.1 43

33 Mollivirus Mollivirus sibericum GCF_001292995.1 44

34 Pandoravirus Pandoravirus dulcis GCF_000911655.1 45

35 Pandoravirus Pandoravirus inopinatum GCF_000928575.1 46

36 Pandoravirus Pandoravirus salinus GCF_000911955.1 45

37 Phycodnaviridae Acanthocystis turfacea Chlorella virus 1 GCF_000869685.1 47

38 Phycodnaviridae Paramecium bursaria Chlorella virus 1 GCF_000847045.1 48

39 Phycodnaviridae Paramecium bursaria Chlorella virus NY2A GCF_000873685.1 49

40 Phycodnaviridae Paramecium bursaria Chlorella virus AR158 GCF_000871245.1 49

41 Phycodnaviridae Paramecium bursaria Chlorella virus FR483 GCF_000867825.1 50

42 Phycodnaviridae Emiliania huxleyi virus 86 GCF_000865825.1 51

43 Phycodnaviridae Ectocarpus siliculosus virus 1 GCF_000839765.1 52

44 Phycodnaviridae Feldmannia species virus GCF_000874805.1 53

45 Phycodnaviridae Ostreococcus tauri virus OtV5 GCF_000872425.2 54

46 Phycodnaviridae Bathycoccus sp. RCC1105 virus BpV1 GCF_000889515.1 55

47 Phycodnaviridae Micromonas sp. RCC1109 virus MpV1 55

48 Phycodnaviridae Ostreococcus lucimarinus virus 1 GCF_000888835.1 55

49 Phycodnaviridae Ostreococcus lucimarinus virus 2 GCF_001399285.1 56

50 Phycodnaviridae Ostreococcus lucimarinus virus 7 GCF_001399225.1 56

51 Phycodnaviridae Ostreococcus mediterraneus virus 1 GCF_001399265.1 56

52 Phycodnaviridae Ostreococcus tauri virus 1 GCF_000885975.1 57

53 Phycodnaviridae Ostreococcus tauri virus 2 GCF_000887855.1 58

54 Phycodnaviridae Yellowstone lake phycodnavirus 1 GCF_001430655.1 59

55 Phycodnaviridae Yellowstone lake phycodnavirus 2 GCF_001430455.1 59

56 Phycodnaviridae Yellowstone lake phycodnavirus 3 GCF_001430035.1 59

57 Phycodnaviridae Phaeocystis globosa virus GCF_000907415.1 60

58 Phycodnaviridae Aureococcus anophagefferens virus GCF_000922335.1 61

59 Phycodnaviridae Chrysochromulina ericina virus GCF_001399245.1 62

60 Pithovirus Pithovirus sibericum GCF_000916835.1 63

61 Poxviridae Anomala cuprea entomopoxvirus GCF_000865825.1 64

62 Poxviridae Amsacta moorei entomopoxvirus GCF_000837185.1 65

63 Poxviridae Adoxophyes honmai entomopoxvirus 'L' GCF_000427135.1 66

64 Poxviridae Choristoneura biennis entomopoxvirus GCF_000427115.1 66

65 Poxviridae Choristoneura rosaceana entomopoxvirus 'L' GCF_000427175.1 66

66 Poxviridae Mythimna separata entomopoxvirus 'L' GCF_000427155.1 66

67 Poxviridae Melanoplus sanguinipes entomopoxvirus GCF_000838565.1 67

68 Poxviridae Salmon gill poxvirus GCF_001271235.1 68

69 Poxviridae Canarypox virus GCF_000841685.1 69

70 Poxviridae Pigeonpox virus GCF_000922075.1 70

71 Poxviridae Turkeypox virus GCF_001431935.1 71

Megavirus chiliensis

GCF_000890375.1



72 Poxviridae Fowlpox virus GCF_000838605.1 72

73 Poxviridae Penguinpox virus GCF_000923135.1 70

74 Poxviridae Goatpox virus Pellor GCF_000840165.1 73

75 Poxviridae Lumpy skin disease virus NI-2490 GCF_000839805.1 74

76 Poxviridae Sheeppox virus GCF_000840205.1 73

77 Poxviridae Yoka poxvirus GCF_000892975.1 75

78 Poxviridae Deerpox virus W-848-83 GCF_000861985.1 76

79 Poxviridae Nile crocodilepox virus GCF_000869065.1 77

80 Poxviridae Myxoma virus GCF_000843685.1 78

81 Poxviridae Rabbit fibroma virus GCF_000847965.1 79

82 Poxviridae Molluscum contagiosum virus subtype 1 GCF_000843325.1 80

83 Poxviridae Camelpox virus GCF_000839105.1 81

84 Poxviridae Cowpox virus GCF_000839185.1 82

85 Poxviridae Ectromelia virus GCF_000841905.1 83

86 Poxviridae Monkeypox virus Zaire-96-I-16 84

87 Poxviridae Raccoonpox virus GCF_001029045.1 85

88 Poxviridae Taterapox virus GCF_000869985.1 86

89 Poxviridae Vaccinia virus GCF_000860085.1 87

90 Poxviridae Variola virus GCF_000859885.1 88

91 Poxviridae Bovine papular stomatitis virus GCF_000844045.1 89

92 Poxviridae Orf virus GCF_000844845.1 89

93 Poxviridae Parapoxvirus red deer/HL953 GCF_000930695.1 90

94 Poxviridae Pseudocowpox virus GCF_000886295.1 91

95 Poxviridae Swinepox virus GCF_000839965.1 92

96 Poxviridae Yaba monkey tumor virus GCF_000845705.1 93

97 Poxviridae Yaba-like disease virus GCF_000847185.1 94

98 Poxviridae Squirrelpox virus GCF_000913615.1 95

99 Poxviridae Cotia virus SPAn232 GCF_000894375.1 96

GCF_000857045.1



Supplementary Table 2. NCLDV protein clusters that contributed to new entries in Pfam 33.1 and 34.0 release.

pfamA_acc pfamA_id Pfam identifier Original protein cluster(s)

PF19058 DUF5754 PF19058 cluster_153, cluster_727

PF19061 DUF5757 PF19061 cluster_154

PF19062 DUF5758 PF19062 cluster_158

PF19063 DUF5759 PF19063 cluster_167

PF19064 DUF5760 PF19064 cluster_168, cluster_1213

PF19065 DUF5761 PF19065 cluster_170

PF19066 DUF5762 PF19066 cluster_183, cluster_411, cluster_1328

PF19067 DUF5763 PF19067 cluster_186, cluster_358, cluster_851

PF19068 DUF5764 PF19068 cluster_200, cluster_1484

PF19069 DUF5765 PF19069 cluster_201

PF19070 DUF5766 PF19070 cluster_205

PF19071 DUF5767 PF19071 cluster_213, cluster_332, cluster_489, cluster_1678, cluster_2757

PF19072 DUF5768 PF19072 cluster_214

PF19073 DUF5769 PF19073 cluster_225

PF19074 DUF5770 PF19074 cluster_230

PF19075 DUF5771 PF19075 cluster_234

PF19080 DUF5772 PF19080 cluster_235, cluster_462, cluster_2817

PF19082 DUF5773 PF19082 cluster_250

PF19083 DUF5774 PF19083 cluster_252

PF19084 DUF5775 PF19084 cluster_256

PF19161 DUF5843 PF19161 cluster_400

PF19162 DUF5844 PF19162 cluster_401

PF19163 DUF5845 PF19163 cluster_405

PF19164 DUF5846 PF19164 cluster_431

PF19165 DUF5847 PF19165 cluster_432, cluster_2662, cluster_2663

PF19166 DUF5848 PF19166

PF19167 DUF5849 PF19167 cluster_436, cluster_1137, cluster_2128

PF19168 DUF5850 PF19168 cluster_453, cluster_520, cluster_1937

PF19169 DUF5851 PF19169 cluster_812

PF19170 DUF5852 PF19170 cluster_1010

PF19171 DUF5853 PF19171 cluster_979

PF19172 DUF5854 PF19172 cluster_488

PF19173 DUF5855 PF19173 cluster_502

PF19174 DUF5856 PF19174 cluster_515

PF19175 DUF5857 PF19175 cluster_542

PF19176 DUF5858 PF19176 cluster_544

PF19177 DUF5859 PF19177 cluster_591

PF19178 DUF5860 PF19178 cluster_693, cluster_2194, cluster_2195

PF19179 DUF5861 PF19179 cluster_708, cluster_3167

PF19180 DUF5862 PF19180 cluster_718, cluster_2496, cluster_2917

PF19181 DUF5863 PF19181 cluster_575

PF19182 DUF5864 PF19182 cluster_547

PF19183 DUF5865 PF19183 cluster_550, cluster_2104

PF19184 DUF5866 PF19184 cluster_841
PF19185 DUF5867 PF19185 cluster_719

PF19186 DUF5868 PF19186 cluster_685

PF19194 DUF5869 PF19194 cluster_543

PF19195 DUF5870 PF19195 cluster_870

PF19196 DUF5871 PF19196 cluster_930

PF19197 DUF5872 PF19197 cluster_732

PF19201 DUF5873 PF19201 cluster_538

PF19202 DUF5874 PF19202 cluster_375, cluster_713

PF19203 DUF5875 PF19203 cluster_522

PF19204 DUF5876 PF19204 cluster_519

PF19205 DUF5877 PF19205 cluster_516

PF19206 DUF5878 PF19206 cluster_437

PF19207 DUF5879 PF19207 cluster_696

PF19208 DUF5880 PF19208 cluster_564

PF19228 DUF5881 PF19228 cluster_555
PF19229 DUF5882 PF19229 cluster_487

PF19230 DUF5883 PF19230 cluster_529

PF19231 DUF5884 PF19231 cluster_438

PF19232 DUF5885 PF19232 cluster_1097, cluster_2131

PF19233 DUF5886 PF19233 cluster_1077

PF19234 DUF5887 PF19234 cluster_1000

PF19235 DUF5888 PF19235 cluster_535

PF19237 DUF5889 PF19237 cluster_1080 (was listed twice ?)

PF19239 GIY_YIG_domaPF19239 cluster_858

PF19240 DUF5890 PF19240 cluster_222, cluster_1868

PF19241 DUF5891 PF19241 cluster_271

PF19242 Zn_finger_prot PF19242 cluster_368

PF19243 DUF5892 PF19243 cluster_792

PF19244 Poly_A_pol_caPF19244 cluster_801

PF19245 DUF5893 PF19245 cluster_804, cluster_1912

PF19246 DUF5894 PF19246 cluster_813

PF19247 DUF5895 PF19247 cluster_818

PF19248 DUF5896 PF19248 cluster_823, cluster_3054

PF19249 DUF5897 PF19249 cluster_554, cluster_828

PF19250 DUF5898 PF19250 cluster_831

PF19251 DUF5899 PF19251 cluster_291, cluster_847, cluster_1210, cluster_1465

PF19253 DUF5900 PF19253 cluster_871, cluster_1177, cluster_2155

PF19254 DUF5901 PF19254 cluster_952

PF19255 DUF5902 PF19255 cluster_185, cluster_417

PF19260 DUF5903 PF19260 cluster_308

PF19261 DUF5904 PF19261 cluster_390

PF19262 DUF5905 PF19262 cluster_395

PF19263 DUF5906 PF19263 cluster_1170

PF19264 DUF5907 PF19264 cluster_136

cluster_434, cluster_828, cluster_1584, cluster_1990, cluster_1990, cluster_2110, 
cluster_2439, cluster_2439, cluster_3144, cluster_3207



Supplementary Table S3. ORFs of new NCLDVs and their blastp hits to identify protein cluster membership

Species name

Acanthamoeba castellanii medusavirus 890 220 0.25 88 30

Faustovirus 496 99 0.20 59 18

Tupanvirus deep ocean 1276 726 0.57 463 69

Yaravirus brasiliensis 74 5 0.07 4 0

Annotated ORFs per 
genome

Genes receiving a 
significant BLASTp hit (hit 
above HSSP curve97 
threshold)

Percentage of the 
ORFs receiving a 
blast hit

Number of protein 
clusters

Number of ORFs hitting 
singletons



Supplementary Table S4. The 26 widest distributed protein clusters among NCLDVs.

Pfam annotations Description

1 cluster_11 PF04947, PF08792, PF17026 NCVOG0262 Poxvirus Late Transcription Factor VLTF3 like

2 cluster_9 PF04665, PF13401 AAA domain, Poxvirus A32 protein NCVOG0079, NCVOG0249 packaging ATPase, putative ATPase

3 cluster_3

4 cluster_12 NCVOG0038 DNA polymerase elongation subunit family B

5 cluster_4

6 cluster_13 PF04777, PF04805, PF10403 E10-like protein conserved region, Erv1 / Alr family, Rad4 beta-hairpin domain 1 NCVOG0052, NCVOG4692

7 cluster_15 PF04848, PF09159 Mitochondrial resolvase Ydc2 / RNA splicing MRS1, Poxvirus A22 protein NCVOG0278, NCVOG4573

8 cluster_21 PF00268, PF00462 Glutaredoxin, Ribonucleotide reductase, small chain NCVOG0276, NCVOG0277, NCVOG0317

9 cluster_22 PF00692 dUTPase NCVOG1068 dUTPase

10 cluster_24 NCVOG0039, NCVOG1354 Ribonuclease III, double-stranded RNA binding protein (cd00048; pfam00035)

11 cluster_30 NCVOG1353 ribonucleoside diphosphate reductase, alpha subunit

12 cluster_23 AAA domain, Deoxynucleoside kinase, Phosphomevalonate kinase, Thymidylate kinase NCVOG0320, NCVOG1067, NCVOG4130, NCVOG4200

13 cluster_28 PF00782 Dual specificity phosphatase, catalytic domain NCVOG0040 Dual specificity phosphatases (DSP); Ser/Thr and Tyr protein phosphatases

14 cluster_7 PF04451, PF16903 Large eukaryotic DNA virus major capsid protein, Major capsid protein N-terminus NCVOG0022 NCLDV major capsid protein

15 cluster_1

16 cluster_45 PF01096, PF07500 Transcription factor S-II (TFIIS), Transcription factor S-II (TFIIS), central domain NCVOG0272 Transcription factor S-II (TFIIS)

17 cluster_58 NCVOG0037 DNA topoisomerase II

18 cluster_50 NCVOG0274 DNA-directed RNA polymerase subunit alpha

19 cluster_55 NCVOG0271 DNA-directed RNA polymerase subunit beta

20 cluster_37 PF00752, PF00867, PF03159 XPG I-region, XPG N-terminal domain, XRN 5'-3' exonuclease N-terminus NCVOG1045, NCVOG1060 FLAP-like endonuclease XPG, XRN 5'-3' exonuclease

21 cluster_57 PF01734 Patatin-like phospholipase NCVOG0245 Patatin phospholipase

22 cluster_89 PF08706, PF08707 D5 N terminal like, Primase C terminal 2 (PriCT-2) NCVOG0023 D5-like helicase-primase

23 cluster_146 PF00075, PF01693 Caulimovirus viroplasmin, RNase H NCVOG1352, NCVOG4654 RNAseH1 eukaryote like-protein, ribonuclease H

24 cluster_145 AAA domain, Helicase, PIF1-like helicase, UvrD-like helicase C-terminal domain NCVOG0248 Pif1 helicase

25 cluster_94 NCVOG0295, NCVOG0305, NCVOG0307

26 cluster_179 PF00240 Ubiquitin family NCVOG0333 Ubiquitin

Order number for the widest 
distributed protein clusters

Cluster identifier in the 
dataset* Pfam** Corresponding protein families in Yutin et. al. 2009 Virol. J. 6:223***

A2L zinc ribbon domain, Poxvirus Late Transcription Factor VLTF3 like, Putative 
ribonucleoprotein zinc-finger pf C4 type

PF00176, PF00270, PF00271, 
PF04851, PF05203, PF05204, 
PF08148, PF08469, PF10544, 
PF12011, PF13639, PF13920, 
PF14634, PF14890, PF16124

DEAD/DEAH box helicase, DSHCT (NUC185) domain, Domain of unknown function 
(DUF3503), Helicase conserved C-terminal domain, Hom_end-associated Hint, Homing 

endonuclease, Intein splicing domain, Nucleoside triphosphatase I C-terminal, RecQ 
zinc-binding, Ring finger domain, SNF2 family N-terminal domain, T5orf172 domain, 
Type III restriction enzyme, res subunit, Zinc finger, C3HC4 type (RING finger), zinc-

RING finger domain

NCVOG0025, NCVOG0027, NCVOG0029, NCVOG0030, NCVOG0031, 
NCVOG0032, NCVOG0076, NCVOG0199, NCVOG0214, NCVOG0267, 

NCVOG0330, NCVOG1100, NCVOG5431

DEAD-like helicases superfamily, DEAD/SNF2-like helicase, DNA or RNA 
helicases of superfamily II, NTPase/helicase, RING-finger-containing E3 ubiquitin 

ligase, RNA-helicase DExH-NPH-II, superfamily II helicase, uncharacterized 
protein, unclassified DEAD/SNF2-like helicases

PF00136, PF02037, PF03104, 
PF08408, PF08452, PF14890

DNA polymerase family B, DNA polymerase family B exonuclease domain, N-terminal, 
DNA polymerase family B viral insert, DNA polymerase family B, exonuclease domain, 

Intein splicing domain, SAP domain

PF00069, PF00134, PF05445, 
PF07714, PF08793, PF13458

2-cysteine adaptor domain, Cyclin, N-terminal domain, Periplasmic binding protein, 
Poxvirus serine/threonine protein kinase, Protein kinase domain, Protein tyrosine kinase

NCVOG0282, NCVOG0284, NCVOG0288, NCVOG0295, NCVOG0297, 
NCVOG0301, NCVOG0302, NCVOG0304, NCVOG0305, NCVOG0424, 

NCVOG1356, NCVOG4292

2-cysteine adaptor domain (pfam08793). The virus-specific domain is found fused 
to OTU/A20-like peptidases and S/T protein kinases., F10-like kinase, 

Serine/Threonine or Tyrosine protein kinase (tandem-duplicated in Mimi- and 
Marseilleviridae), Serine/Threonine protein kinase, Serine/Threonine protein 

kinases, serine/threonine protein kinase, uncharacterized protein

ERV/alR sulphydryl oxidase-like protein, disulfide (thiol) oxidoreductase, Erv1 / Alr 
family

RuvC, Holliday junction resolvases (HJRs); Poxvirus A22 family, uncharacterized 
protein

Ribonucleotide reductase small subunit, Thioredoxin, ribonucleoside diphosphate 
reductase, beta subunit

PF00035, PF00636, PF02295, 
PF14622

Adenosine deaminase z-alpha domain, Double-stranded RNA binding motif, 
Ribonuclease III domain, Ribonuclease-III-like

PF00317, PF02867, PF03477, 
PF14890

ATP cone domain, Intein splicing domain, Ribonucleotide reductase, all-alpha domain, 
Ribonucleotide reductase, barrel domain

PF01712, PF02223, PF04275, 
PF13238

Thymidylate kinase, deoxynucleoside kinase, deoxynucleotide monophosphate 
kinase (dNMP) kinase, putative deoxynucleoside kinase

PF00023, PF00646, PF03158, 
PF09372, PF12796, PF12937, 
PF13606, PF13637, PF13639, 

PF13857
Ankyrin repeat, Ankyrin repeats (3 copies), Ankyrin repeats (many copies), F-box 

domain, F-box-like, Multigene family 530 protein, PRANC domain, Ring finger domain

NCVOG0021, NCVOG0057, NCVOG0170, NCVOG0171, NCVOG0172, 
NCVOG0173, NCVOG0174, NCVOG0175, NCVOG0176, NCVOG0177, 
NCVOG0178, NCVOG0179, NCVOG0244, NCVOG0330, NCVOG0446, 
NCVOG0447, NCVOG0448, NCVOG0449, NCVOG0450, NCVOG0451, 
NCVOG0496, NCVOG0497, NCVOG0528, NCVOG0684, NCVOG0699, 
NCVOG0710, NCVOG0822, NCVOG0825, NCVOG1013, NCVOG1157, 
NCVOG1303, NCVOG1407, NCVOG2058, NCVOG2443, NCVOG2734, 
NCVOG2775, NCVOG2860, NCVOG4001, NCVOG4104, NCVOG4108, 
NCVOG4109, NCVOG4111, NCVOG4112, NCVOG4115, NCVOG4116, 
NCVOG4118, NCVOG4121, NCVOG4122, NCVOG4123, NCVOG4344, 
NCVOG4371, NCVOG4372, NCVOG4382, NCVOG4404, NCVOG4412, 
NCVOG4413, NCVOG4414, NCVOG4416, NCVOG4418, NCVOG4419, 
NCVOG4420, NCVOG4421, NCVOG4422, NCVOG4423, NCVOG4430, 
NCVOG4441, NCVOG4444, NCVOG4445, NCVOG4459, NCVOG4467, 
NCVOG4488, NCVOG4524, NCVOG4579, NCVOG4590, NCVOG4624, 
NCVOG4629, NCVOG4676, NCVOG4803, NCVOG4844, NCVOG4871, 
NCVOG5240, NCVOG5256, NCVOG5265, NCVOG5270, NCVOG5272, 
NCVOG5273, NCVOG5275, NCVOG5278, NCVOG5280, NCVOG5297, 
NCVOG5299, NCVOG5301, NCVOG5309, NCVOG5317, NCVOG5320, 
NCVOG5323, NCVOG5324, NCVOG5338, NCVOG5340, NCVOG5341, 
NCVOG5346, NCVOG5375, NCVOG5381, NCVOG5385, NCVOG5386, 
NCVOG5388, NCVOG5389, NCVOG5390, NCVOG5392, NCVOG5393, 
NCVOG5397, NCVOG5401, NCVOG5402, NCVOG5403, NCVOG5404

F-box domain protein, Fbox-containing protein, RING-finger-containing E3 
ubiquitin ligase, ankyrin repeat protein, collagen triple helix repeat containing 

protein, hypothetical protein, similar to ankyrin, uncharacterized protein

PF00204, PF00521, PF01751, 
PF02518, PF16898

C-terminal associated domain of TOPRIM, DNA gyrase B, DNA gyrase/topoisomerase 
IV, subunit A, Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase, Toprim 

domain

PF00623, PF04983, PF04990, 
PF04997, PF04998, PF05000, 

PF14890

Intein splicing domain, RNA polymerase Rpb1, domain 1, RNA polymerase Rpb1, 
domain 2, RNA polymerase Rpb1, domain 3, RNA polymerase Rpb1, domain 4, RNA 

polymerase Rpb1, domain 5, RNA polymerase Rpb1, domain 7

PF00562, PF04560, PF04561, 
PF04563, PF04565, PF04566, 

PF04567

RNA polymerase Rpb2, domain 2, RNA polymerase Rpb2, domain 3, RNA polymerase 
Rpb2, domain 4, RNA polymerase Rpb2, domain 5, RNA polymerase Rpb2, domain 6, 

RNA polymerase Rpb2, domain 7, RNA polymerase beta subunit

PF02689, PF05970, PF13538, 
PF13604

PF00069, PF00211, PF07714, 
PF12849, PF13458

Adenylate and Guanylate cyclase catalytic domain, PBP superfamily domain, 
Periplasmic binding protein, Protein kinase domain, Protein tyrosine kinase

F10-like kinase, Serine/Threonine or Tyrosine protein kinase (tandem-duplicated 
in Mimi- and Marseilleviridae), tyrosine protein kinase

* Identifier of the protein cluster in this study
**Pfam annotations are based on Interproscan10 annotations with default parameters. All the pfam annotations for protein family members are shown.

***The protein family identifiers based on Yutin et al 200998. Protein familes are given only for those proteins that were included to the study Yutin et al. 2009.



Supplementary Table S5. Protein included in the phylogeneies following contaminant screen for eukaryote protein and their scaffolds that form individual branches in the phylogenetic trees for cluster_11, cluster_9, cluster_13 and cluster_15.  

Supplementary Figure Cluster identifier in the dataset Protein id Species name Scaffold Size (bp) Eukaryotic hits Bacterial hits Archaeal hits Viral hits No hit
1 S3 Cluster_11 CBN80403.1 Ectocarpus siliculosus FN649741.1 8064047 1840 61.56 1134 50 0 340 316

1 S3 Cluster_11 GAQ85075.1 Klebsormidium nitens DF237168.1 137706 201 80.6 162 0 0 6 33
1 S3 Cluster_11 GAQ90999.1 Klebsormidium nitens DF237661.1 47014 36 83.33 30 0 0 2 4

1 S3 Cluster_11 GAQ92093.1 Klebsormidium nitens DF237869.1 29316 24 66.67 16 0 0 0 8

1 S3 Cluster_11 GAQ93349.1 Klebsormidium nitens DF238410.1 5700 3 66.67 2 0 0 0 1
1 S3 Cluster_11 KXS14114.1 KQ965771.1 357412 152 65.79 100 4 0 1 47

1 S3 Cluster_11 XP_004205627.1 Hydra vulgaris NW_004166914.1 395687 22 27.27 6 4 0 8 4

1 S3 Cluster_11 XP_005836760.1 NW_005434657.1 1003429 562 66.08 374 18 2 2 166
2 S4 Cluster_9 CBN80334.1 Ectocarpus siliculosus FN649741.1 8064047 1840 61.56 1134 50 0 340 316

2 S4 Cluster_9 ETO03050.1 Reticulomyxa filosa ASPP01034267.1 9090 5 80 4 0 0 0 1
2 S4 Cluster_9 GAQ85072.1 Klebsormidium nitens DF237168.1 137706 201 80.6 162 0 0 6 33

2 S4 Cluster_9 GAQ90578.1 Klebsormidium nitens DF237607.1 50556 15 86.67 13 0 0 0 2

2 S4 Cluster_9 GAQ91460.1 Klebsormidium nitens DF237738.1 32734 12 75 9 0 0 0 3
2 S4 Cluster_9 GAQ91699.1 Klebsormidium nitens DF237785.1 30433 11 54.55 6 0 0 0 5

2 S4 Cluster_9 GAQ91766.1 Klebsormidium nitens DF237797.1 28847 8 37.5 3 0 0 0 5
2 S4 Cluster_9 XP_014157608.1 NW_014040339.1 112087 17 70.59 12 0 0 1 4

6 S6 Cluster_13 XP_005702698.1 Galdieria sulphuraria NW_005178373.1 10166 7 14.29 1 1 0 2 3

7 S7 Cluster_15 CBN80409.1 Ectocarpus siliculosus FN649741.1 8064047 1840 61.56 1134 50 0 340 316
7 S7 Cluster_15 GAQ85074.1 Klebsormidium nitens DF237168.1 137706 201 80.6 162 0 0 6 33

7 S7 Cluster_15 GAQ87941.1 Klebsormidium nitens DF237338.1 89163 32 78.12 25 0 0 1 6

7 S7 Cluster_15 GAQ89989.1 Klebsormidium nitens DF237535.1 55443 20 60 12 0 0 0 8
7 S7 Cluster_15 GAQ90998.1 Klebsormidium nitens DF237661.1 47014 36 83.33 30 0 0 2 4

7 S7 Cluster_15 GAQ92094.1 Klebsormidium nitens DF237869.1 29316 24 66.67 16 0 0 0 8

The order number for the 
widest distributed protein 
clusters among NCLDVs

Number of ORFs in the same 
scaffold

Proportion of eukaryotic 
proteins (eukaryotic hits/ 

(cellular + viral hits))

Gonapodya prolifera JEL478

Guillardia theta CCMP2712

Sphaeroforma arctica JP610



Supplementary Table 6A. Most widely shared annotated protein clusters that are unique to NCLDVs

Protein cluster Pfam annotation (and function)
4 47 cluster_16 PF02442 Lipid membrane protein of large eukaryotic DNA viruses
2 43 cluster_53 PF03292 Poxvirus P4B major core protein
2 42 cluster_47 PF03003 Pox virus entry-fusion-complex G9/A16
1 39 cluster_64 PF03410 Metallopeptidase from vaccinia pox

1 39 cluster_65 PF03293 Poxvirus DNA-directed RNA polymerase, 18 kD subunit

1 39 cluster_66 PF03296 Poxvirus poly(A) polymerase nucleotidyltransferase domain

1 39 cluster_70 PF05323
1 39 cluster_73 PF04441 Poxvirus early transcription factor (VETF), large subunit

1 39 cluster_74 PF03340

1 39 cluster_75 PF04584

Supplementary Table 6B. Proportion of annotated NCLDV specific protein clusters in different NCLDV fa

Virus family / genus
Ascoviridae 10.91
Asfarviridae 33.33
Iridoviridae 6.54
Marseilleviridae 7.17
Mimiviridae 8.06
Mollivirus 4.35
Pandoravirus 5.01
Phycodnaviridae 3.88
Pithovirus 21.74
Poxviridae 32.47

Number of NCLDV families that have the 
cluster

Number of NCLDV species 
that have a protein family 

membera Pfam id 101

Poxvirus A21 Protein (Envelope protein part of the entry-fusion complex 
responsible for the virus membrane fusion with host cell membrane during virus 
entry) 99

Poxvirus rifampicin resistance protein, Essential for replication100

Poxvirus A28 family; (Virus penetration into host cytoplasm )101

a Annotated using interproscan10 against Pfam (v29.0) database102

Annotated NCLDV specific 
protein clusters / Total 

number of NCLDV specific 
protein clusters in a virus 

family / genus (%)



Supplementary Table S7. Protein clusters that are found only among insect-infecting

Protein cluster Virus family or cellular life domain Pfam id Pfam annotation

cluster_164 Ascoviridae, Poxviridae -, PF12678, PF13639, PF13920 -, NCVOG0330 -, RING-finger-containing E3 ubiquitin ligase

cluster_197 Ascoviridae, Iridoviridae, Poxviridae -, PF00413 -, Matrixin -, NCVOG1120 -, metallopeptidase WLM

cluster_229 Ascoviridae, Baculoviridae, Poxviridae -, PF13930 -, DNA/RNA non-specific endonuclease -, NCVOG1417 -, uncharacterized protein

cluster_233 Iridoviridae, Poxviridae PF10544, PF10553 MSV199 domain, T5orf172 domain -, NCVOG1361 -, T5orf172 domain

cluster_298 PF00653, PF13920 -, inhibitor of apoptosis protein, uncharacterized protein

cluster_306 Ascoviridae, Iridoviridae - - -, NCVOG1086 -, uncharacterized protein

cluster_355 Ascoviridae, Iridoviridae - - -, NCVOG4936 -, uncharacterized protein

cluster_368 Ascoviridae, Iridoviridae - - -, NCVOG5007 -, uncharacterized protein

cluster_369 Ascoviridae, Iridoviridae - - -, NCVOG4921 -, uncharacterized protein

cluster_388 Ascoviridae, Iridoviridae - - -, NCVOG1164 -, A1L transcription factor/late transcription factor VLTF-2

cluster_389 Ascoviridae, Iridoviridae - - -, NCVOG0161 -, uncharacterized protein

cluster_416 Baculoviridae, Poxviridae - - -, NCVOG0926 -, uncharacterized protein

cluster_423 Baculoviridae, Poxviridae -, PF02331 -, Apoptosis preventing protein -, NCVOG5229 -, uncharacterized protein

cluster_430 Baculoviridae, Poxviridae - - -, NCVOG0135, NCVOG5196 -, uncharacterized protein

cluster_561 Iridoviridae, Poxviridae -, PF04973 -, Nicotinamide mononucleotide transporter -, NCVOG4002 -, uncharacterized protein

cluster_575 Ascoviridae, Baculoviridae, Iridoviridae - - -, NCVOG4380 -, uncharacterized protein

cluster_587 Ascoviridae, Baculoviridae -, PF07282 -, Putative transposase DNA-binding domain NCVOG0327 uncharacterized protein

cluster_661 Ascoviridae, Baculoviridae -, PF02498 -, BRO family, N-terminal domain NCVOG0010, NCVOG5016 BRO-like protein, uncharacterized protein

cluster_665 Baculoviridae, Iridoviridae, Poxviridae - - -, NCVOG4990 -, uncharacterized protein

cluster_734 Iridoviridae, Poxviridae PF13489, PF13649, PF13847 Methyltransferase domain -, NCVOG1191 -, SAM dependent methyltransferase

cluster_780 Baculoviridae, Poxviridae - - -, NCVOG0106 -, uncharacterized protein

cluster_783 Baculoviridae, Eukaryota, Poxviridae -, PF03067 -, NCVOG4996 -, fusolin

cluster_818 Ascoviridae, Iridoviridae - - -, NCVOG1085 -, uncharacterized protein

cluster_822 Ascoviridae, Iridoviridae - - -, NCVOG1052 -, uncharacterized protein

cluster_993 Baculoviridae, Poxviridae PF08087 Conotoxin O-superfamily -, NCVOG4952 -, conotoxin-like protein

cluster_1000 Baculoviridae, Poxviridae - - -, NCVOG5224 -, uncharacterized protein

cluster_1116 Ascoviridae, Baculoviridae, Eukaryota, Poxviridae PF13920 Zinc finger, C3HC4 type (RING finger) -, uncharacterized protein

cluster_1242 Baculoviridae, Poxviridae - - - -

cluster_1423 Iridoviridae, Poxviridae - - - -

cluster_1451 Ascoviridae, Polydnaviridae - - NCVOG1054 uncharacterized protein

cluster_1452 Ascoviridae, Baculoviridae, Iridoviridae - - -, NCVOG0119 -, uncharacterized protein

cluster_1561 Ascoviridae, Iridoviridae -, PF08707, PF09250 - -

cluster_1849 Bacteria, Baculoviridae, Iridoviridae PF10544 T5orf172 domain -, NCVOG1361 -, T5orf172 domain

cluster_1851 Ascoviridae, Iridoviridae -, PF14608 -, RNA-binding, Nab2-type zinc finger - -

cluster_1887 Ascoviridae, Baculoviridae - - NCVOG0160 uncharacterized protein

cluster_2302 Ascoviridae, Iridoviridae - - - -

cluster_2309 Baculoviridae, Poxviridae -, PF13639, PF13920 - -

cluster_2383 Ascoviridae, Baculoviridae -, PF00656 -, Caspase domain NCVOG1053 caspase-like protein

cluster_2808 Baculoviridae, Poxviridae PF09414 RNA ligase NCVOG5235 uncharacterized protein

cluster_2811 Ascoviridae, Poxviridae PF10488 Phosphatase-1 catalytic subunit binding region NCVOG0965 protein phosphatase 1, regulatory subunit 15A

cluster_2820 Ascoviridae, Baculoviridae, Iridoviridae PF09511 RNA ligase -, NCVOG1088

cluster_2963 Ascoviridae, Baculoviridae -, PF10544 -, T5orf172 domain NCVOG1361 T5orf172 domain

cluster_2978 Ascoviridae, Baculoviridae - - NCVOG5016 uncharacterized protein

cluster_2980 Ascoviridae, Baculoviridae - - NCVOG0959 uncharacterized protein

cluster_2981 Ascoviridae, Baculoviridae, Eukaryota, Poxviridae PF13164 Protein of unknown function (DUF4002) NCVOG0377 uncharacterized protein

cluster_2992 Ascoviridae, Baculoviridae PF13639 Ring finger domain NCVOG0330 RING-finger-containing E3 ubiquitin ligase

cluster_3007 Iridoviridae, Poxviridae - - NCVOG4928 uncharacterized protein

unclassified YP_001110887.1 Ascoviridae, Baculoviridae - - NCVOG0328 uncharacterized protein

unclassified YP_001110896.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_001110941.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_001110943.1 Ascoviridae, Baculoviridae - - NCVOG0010 BRO-like protein

unclassified YP_001110950.1 Ascoviridae, Baculoviridae PF02498 BRO family, N-terminal domain NCVOG0010 BRO-like protein

unclassified YP_001110964.1 Ascoviridae, Baculoviridae - - NCVOG0010 BRO-like protein

unclassified YP_001110976.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_001110977.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_001111014.1 Ascoviridae, Baculoviridae PF10544 T5orf172 domain NCVOG1361 T5orf172 domain

unclassified YP_008003527.1 Baculoviridae, Poxviridae - - - -

unclassified YP_008003798.1 Baculoviridae, Poxviridae - - NCVOG5235 uncharacterized protein

unclassified YP_008003801.1 Baculoviridae, Poxviridae PF13930 DNA/RNA non-specific endonuclease NCVOG1417 uncharacterized protein

unclassified YP_008003811.1 Baculoviridae, Poxviridae - - - -

unclassified YP_008004018.1 Baculoviridae, Poxviridae - - - -

unclassified YP_762386.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_762426.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_762435.1 Ascoviridae, Baculoviridae PF02498 BRO family, N-terminal domain NCVOG0010 BRO-like protein

unclassified YP_762476.1 Ascoviridae, Baculoviridae PF13164 Protein of unknown function (DUF4002) - -

unclassified YP_803313.1 Ascoviridae, Baculoviridae - - - -

unclassified YP_803353.1 Ascoviridae, Baculoviridae - - - -

Protein family based on Yutin et al. 
2014.98 Protein family annotations based on Yutin et al. 2014.98

-, RING-H2 zinc finger domain, Ring finger 
domain, Zinc finger, C3HC4 type (RING finger)

Ascoviridae, Baculoviridae, Eukaryota, Iridoviridae, 
Poxviridae

Inhibitor of Apoptosis domain, Zinc finger, C3HC4 
type (RING finger)

-, NCVOG0009, NCVOG4003, 
NCVOG5020

-, Lytic polysaccharide mono-oxygenase, 
cellulose-degrading

-, NCVOG4379, NCVOG4944, 
NCVOG4947

-, Bifunctional DNA primase/polymerase, N-
terminal, Primase C terminal 2 (PriCT-2)

-, Ring finger domain, Zinc finger, C3HC4 type 
(RING finger)

-, RNA ligase (conserved in irido-, asfa- asco- and Marseille 
viruses)



Protein cluster Virus family or cellular life domain Pfam id Pfam annotation Protein family based on Yutin et al. 2014.

cluster_486 Herpesviridae, Poxviridae PF12906 RING-variant domain -, NCVOG1394 -, uncharacterized protein

cluster_675 Iridoviridae, Poxviridae PF00341 PDGF/VEGF domain -, NCVOG0423 -, vascular endothelial growth factor-like protein

cluster_758 Herpesviridae, Poxviridae - - -, NCVOG0885 -, uncharacterized protein

cluster_1573 Eukaryota, Herpesviridae, Poxviridae -, PF00059 -, Lectin C-type domain - -

cluster_1710 Herpesviridae, Poxviridae - - -, NCVOG0309 -, semaphorin-like protein

cluster_1844 Iridoviridae, Poxviridae - - - -

cluster_1865 Iridoviridae, Poxviridae PF01027 Inhibitor of apoptosis-promoting Bax1 - -

cluster_2914 Alloherpesviridae, Iridoviridae, Poxviridae PF13168 Poxvirus B22R protein C-terminal - -

cluster_3081 Iridoviridae, Poxviridae - - -, NCVOG1196 -, uncharacterized protein

unclassified YP_009162534.1 Alloherpesviridae, Poxviridae PF13168 Poxvirus B22R protein C-terminal - -

unclassified YP_784345.1 Alloherpesviridae, Poxviridae - - - -

Supplementary Table S8. Protein clusters that are found only from vertebrate-infecting viruses (present 
at least in two virus families).

Protein family annotations based on Yutin et al. 
2014.



Supplementary Table S9. Protein clusters that are shared with phages.

Protein cluster Virus family or cellular life domain Pfam id Pfam annotation Protein family based on Yutin et al. 2014. Protein family annotations based on Yutin et al. 2014.

cluster_2

cluster_3

cluster_19 NCVOG1049 short chain dehydrogenase

cluster_23 PF01712, PF02223, PF04275, PF13238 NCVOG0320, NCVOG1067, NCVOG4130, NCVOG4200

cluster_27 PF01541, PF07453, PF07460 GIY-YIG catalytic domain, NUMOD1 domain, NUMOD3 motif (2 copies) NCVOG0062, NCVOG1046 GIY-YIG-like endonuclease, Zn-finger protein

cluster_30 PF00317, PF02867, PF03477, PF14890 NCVOG1353 ribonucleoside diphosphate reductase, alpha subunit

cluster_34 Bacteria, Eukaryota, Mimiviridae, Myoviridae, Phycodnaviridae, Poxviridae PF01755, PF03213 Glycosyltransferase family 25 (LPS biosynthesis protein), Poxvirus P35 protein NCVOG0256, NCVOG2945, NCVOG4075

cluster_42 Bacteria, Mimiviridae, Myoviridae, Phycodnaviridae PF13640 2OG-Fe(II) oxygenase superfamily

cluster_46 PF07463, PF13392 HNH endonuclease, NUMOD4 motif NCVOG0072 HNH endonuclease

cluster_127 Bacteria, Myoviridae, Phycodnaviridae - - NCVOG1220 uncharacterized protein

cluster_153 Eukaryota, Iridoviridae, Phycodnaviridae, unclassified phages - - NCVOG1349 uncharacterized protein

cluster_164 Ascoviridae, Bacteria, Eukaryota, Myoviridae, Poxviridae PF12678, PF13639, PF13920 NCVOG0330 RING-finger-containing E3 ubiquitin ligase

cluster_176 Bacteria, Eukaryota, Iridoviridae, Myoviridae - - NCVOG0967 uncharacterized protein

cluster_188 Bacteria, Eukaryota, Mimiviridae, Mollivirus, Phycodnaviridae, Siphoviridae PF00383 Cytidine and deoxycytidylate deaminase zinc-binding region NCVOG1064 Cytidine and deoxycytidylate deaminase

cluster_210 PF01068, PF14743 ATP dependent DNA ligase domain, DNA ligase OB-like domain NCVOG0034 -ATP-dependent DNA ligase

cluster_211 Bacteria, Eukaryota, Iridoviridae, Marseilleviridae, Myoviridae - - NCVOG1075 MutH/Vsr/archaeal HJR-like endonuclease

cluster_223 PF00149 Calcineurin-like phosphoesterase NCVOG0308 DNA repair exonuclease

cluster_240 Bacteria, Eukaryota, Phycodnaviridae, Pithovirus, Podoviridae, Siphoviridae PF02511 Thymidylate synthase complementing protein NCVOG1346 FAD-dependent thymidylate synthase

cluster_244 PF00293 NUDIX domain NCVOG0236, NCVOG4434, NCVOG4453 Nudix hydrolase (D10 ortholog), putative NUDIX hydrolase

cluster_315 Myoviridae, Phycodnaviridae - - NCVOG2191 uncharacterized protein

cluster_352 Bacteria, Eukaryota, Myoviridae, Phycodnaviridae PF01041 DegT/DnrJ/EryC1/StrS aminotransferase family NCVOG4024 uncharacterized protein

cluster_384 Eukaryota, Mimiviridae, Pandoravirus, Phycodnaviridae, Siphoviridae - - NCVOG1046 Zn-finger protein

cluster_429 Bacteria, Eukaryota, Mimiviridae, Myoviridae - - NCVOG2295 uncharacterized protein

cluster_515 Bacteria, Myoviridae, Phycodnaviridae - - NCVOG1239 uncharacterized protein

cluster_730 Bacteria, Phycodnaviridae, Siphoviridae PF03013 Pyrimidine dimer DNA glycosylase NCVOG1291 putative endonuclease

cluster_873 Bacteria, Phycodnaviridae, Siphoviridae PF13385 Concanavalin A-like lectin/glucanases superfamily - -

cluster_1037 Myoviridae, Phycodnaviridae PF01467 Cytidylyltransferase-like NCVOG4054 uncharacterized protein

cluster_1080 Mimiviridae, Myoviridae - - NCVOG0737, NCVOG4452 -uncharacterized protein

cluster_1086 Bacteria, Eukaryota, Myoviridae, Phycodnaviridae PF00565 Staphylococcal nuclease homologue NCVOG1023 uncharacterized protein

cluster_1120 Bacteria, Myoviridae, Phycodnaviridae PF13759 Putative 2OG-Fe(II) oxygenase - -

cluster_1256 Bacteria, Mimiviridae, Myoviridae, Phycodnaviridae PF02739 5'-3' exonuclease, N-terminal resolvase-like domain NCVOG2640 putative RNaseH

cluster_1515 Bacteria, Myoviridae, Phycodnaviridae PF13884 Chaperone of endosialidase NCVOG4129 uncharacterized protein

cluster_1553 Myoviridae, Phycodnaviridae - - - -

cluster_1687 Bacteria, Mimiviridae, Myoviridae PF01503 Phosphoribosyl-ATP pyrophosphohydrolase NCVOG0640 Nucleoside Triphosphate Pyrophosphohydrolase

cluster_1737 Mimiviridae, Siphoviridae PF13392 HNH endonuclease NCVOG2487 Numod4 NHN endonuclease

cluster_1961 Bacteria, Eukaryota, Myoviridae, Phycodnaviridae PF13884 Chaperone of endosialidase - -

cluster_2475 Bacteria, Phycodnaviridae, Siphoviridae PF13385 Concanavalin A-like lectin/glucanases superfamily NCVOG0107 uncharacterized protein

cluster_2532 Bacteria, Myoviridae, Phycodnaviridae PF04519 Polymer-forming cytoskeletal NCVOG3007 uncharacterized protein

cluster_2587 Phycodnaviridae, Siphoviridae - - - -

cluster_2910 Bacteria, Phycodnaviridae, Siphoviridae PF04434, PF07659 Domain of Unknown Function (DUF1599), SWIM zinc finger NCVOG3095 uncharacterized protein

cluster_3056 Marseilleviridae, Myoviridae PF13392 HNH endonuclease NCVOG0072 HNH endonuclease

cluster_3369 Myoviridae, Phycodnaviridae - - - -

unclassified YP_009172561.1 Myoviridae, Phycodnaviridae PF16778 Phage tail assembly chaperone protein - -

unclassified YP_009172594.1 Phycodnaviridae, Podoviridae - - - -

unclassified YP_004061598.1 Myoviridae, Phycodnaviridae - - NCVOG5117 uncharacterized protein

unclassified NP_149563.1 Iridoviridae, Podoviridae PF00644 Poly(ADP-ribose) polymerase catalytic domain - -

unclassified YP_009174846.1 Myoviridae, Phycodnaviridae PF13640 2OG-Fe(II) oxygenase superfamily - -

unclassified YP_009174389.1 Phycodnaviridae, Podoviridae - - - -

unclassified YP_009174463.1 Myoviridae, Phycodnaviridae PF13884 Chaperone of endosialidase - -

Ascoviridae, Bacteria, Baculoviridae, Eukaryota, Iridoviridae, Mimiviridae, 
Poxviridae, Siphoviridae

PF01541, PF02498, PF02796, PF03288, PF04218, 
PF04383, PF04480, PF10544, PF10553, PF12299, 

PF13639

BRO family, N-terminal domain, CENP-B N-terminal DNA-binding domain, GIY-YIG 
catalytic domain, Helix-turn-helix domain of resolvase, KilA-N domain, MSV199 

domain, Poxvirus D5 protein-like, Protein of unknown function (DUF3627), Protein of 
unknown function (DUF559), Ring finger domain, T5orf172 domain

NCVOG0010, NCVOG0230, NCVOG1360, NCVOG1361, 
NCVOG1364, NCVOG1386, NCVOG1424, NCVOG5210, 
NCVOG5406, NCVOG5420, NCVOG5421, NCVOG5424, 
NCVOG5426, NCVOG5427, NCVOG5428, NCVOG5429, 
NCVOG5430, NCVOG5433, NCVOG5435, NCVOG5436

ALI motif family protein, ALI motif gene family protein, BRO-N domain 
protein, BRO-like protein, KilA N-domain protein, KilA domain 

(pfam04383), KilA-N domain protein, MTG motif gene family protein, 
T5orf172 domain, putative RING finger host range protein, 

uncharacterized domain DUF3627; found downstream KilA, BRO, and 
MSV199 domains. Also is found in some baculoviruses (gi 165969059, 

18138388), uncharacterized protein, zinc finger-like protein

Archaea, Ascoviridae, Asfarviridae, Bacteria, Eukaryota, Iridoviridae, 
Marseilleviridae, Mimiviridae, Mollivirus, Pandoravirus, Phycodnaviridae, 

Pithovirus, Poxviridae, Siphoviridae

PF00176, PF00270, PF00271, PF04851, PF05203, 
PF05204, PF08148, PF08469, PF10544, PF12011, 
PF13639, PF13920, PF14634, PF14890, PF16124

DEAD/DEAH box helicase, DSHCT (NUC185) domain, Domain of unknown function 
(DUF3503), Helicase conserved C-terminal domain, Hom_end-associated Hint, Homing 

endonuclease, Intein splicing domain, Nucleoside triphosphatase I C-terminal, RecQ 
zinc-binding, Ring finger domain, SNF2 family N-terminal domain, T5orf172 domain, 
Type III restriction enzyme, res subunit, Zinc finger, C3HC4 type (RING finger), zinc-

RING finger domain

NCVOG0025, NCVOG0027, NCVOG0029, NCVOG0030, 
NCVOG0031, NCVOG0032, NCVOG0076, NCVOG0199, 
NCVOG0214, NCVOG0267, NCVOG0330, NCVOG1100, 

NCVOG5431

DEAD-like helicases superfamily, DEAD/SNF2-like helicase, DNA or RNA 
helicases of superfamily II, NTPase/helicase, RING-finger-containing E3 

ubiquitin ligase, RNA-helicase DExH-NPH-II, superfamily II helicase, 
uncharacterized protein, unclassified DEAD/SNF2-like helicases

Archaea, Bacteria, Eukaryota, Iridoviridae, Mimiviridae, Myoviridae, 
Phycodnaviridae, Poxviridae, Siphoviridae

PF00908, PF01073, PF01370, PF02719, PF04321, 
PF16363

3-beta hydroxysteroid dehydrogenase/isomerase family, GDP-mannose 4,6 
dehydratase, NAD dependent epimerase/dehydratase family, Polysaccharide 

biosynthesis protein, RmlD substrate binding domain, dTDP-4-dehydrorhamnose 3,5-
epimerase

Ascoviridae, Asfarviridae, Bacteria, Eukaryota, Iridoviridae, Marseilleviridae, 
Mimiviridae, Myoviridae, Phycodnaviridae, Pithovirus, Poxviridae

AAA domain, Deoxynucleoside kinase, Phosphomevalonate kinase, Thymidylate 
kinase

Thymidylate kinase, deoxynucleoside kinase, deoxynucleotide 
monophosphate kinase (dNMP) kinase, putative deoxynucleoside kinase

Bacteria, Eukaryota, Marseilleviridae, Myoviridae, Pandoravirus, 
Phycodnaviridae, Siphoviridae, unclassified phages

Ascoviridae, Asfarviridae, Bacteria, Eukaryota, Iridoviridae, Marseilleviridae, 
Mimiviridae, Pandoravirus, Phycodnaviridae, Pithovirus, Podoviridae, 

Poxviridae, Siphoviridae
ATP cone domain, Intein splicing domain, Ribonucleotide reductase, all-alpha domain, 

Ribonucleotide reductase, barrel domain

IMV envelope protein p35, glycosyltransferase family protein, 
uncharacterized protein

NCVOG1166, NCVOG4176, NCVOG5075, NCVOG5166, 
NCVOG5167

2OG-Fe(II) oxygenase family protein, dioxygenase, uncharacterized 
protein

Bacteria, Eukaryota, Marseilleviridae, Mimiviridae, Myoviridae, Phycodnaviridae, 
Podoviridae, Siphoviridae

RING-H2 zinc finger domain, Ring finger domain, Zinc finger, C3HC4 type (RING 
finger)

Asfarviridae, Bacteria, Marseilleviridae, Myoviridae, Phycodnaviridae, Pithovirus, 
unclassified phages

Ascoviridae, Bacteria, Iridoviridae, Marseilleviridae, Myoviridae, Pithovirus, 
unclassified phages

Ascoviridae, Bacteria, Eukaryota, Iridoviridae, Mimiviridae, Myoviridae, 
Phycodnaviridae



Supplementary Table S10. Protein clusters that are shared with virophages.

Protein cluster Virus family or cellular life domain Pfam id Pfam annotation

cluster_72 Bacteria, Poxviridae, virophages D5 N-terminal-like, Poxvirus D5 protein-like NCVOG0023 D5-like helicase-primase

cluster_177 Bacteria, Phycodnaviridae, virophages - - uncharacterized protein

cluster_674 Phycodnaviridae, virophages PF01541 GIY-YIG catalytic domain NCVOG4163, NCVOG4962

cluster_732 Phycodnaviridae, virophages - - NCVOG1231 uncharacterized protein

cluster_968 Eukaryota, Phycodnaviridae, virophages NCVOG0018, NCVOG1226

cluster_1729 Mimiviridae, virophages - - NCVOG0680 uncharacterized protein

cluster_3006 Iridoviridae, virophages - - - -

cluster_3390 Phycodnaviridae, virophages PF13920 Zinc finger, C3HC4 type (RING finger) - -

unclassified YP_004894054.1 Mimiviridae, virophages - - - -

Protein family based on Yutin et al. 
2014.

Protein family annotations based on Yutin et 
al. 2014.

PF03288, 
PF08706

NCVOG5074, NCVOG5083, 
NCVOG5121, NCVOG5165

GIY-YIG superfamily protein, 
uncharacterized protein

PF06598, 
PF13884

Chaperone of endosialidase, Chlorovirus 
glycoprotein repeat

Chlorovirus glycoprotein repeat, glycoprotein 
repeat protein
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