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Figure S1. bro gene family protein phylogeny. The tree was obtained from a maximum likelihood inference of the 

bro gene family protein multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 

  

Helicoverpa armigera SNPV#ADY88154.1#Baculoviridae Viruses

Autographa californica nucleopolyhedrovirus#NP_054031.1#Baculoviridae Viruses

Heliothis armigera entomopoxvirus 'L'#AAC33829.1#Poxviridae Viruses

Xestia c-nigrum granulovirus#NP_059208.1#Baculoviridae Viruses

Anticarsia gemmatalis nucleopolyhedrovirus#YP_803499.1#Baculoviridae Viruses

Spodoptera litura granulovirus#YP_001257066.1#Baculoviridae Viruses

Culex nigripalpus NPV#NP_203412.1#Baculoviridae Viruses

Adoxophyes orana nucleopolyhedrovirus#YP_002300599.1#Baculoviridae Viruses

Helicoverpa armigera granulovirus#YP_001649036.1#Baculoviridae Viruses

Antheraea pernyi nucleopolyhedrovirus#YP_611028.1#Baculoviridae Viruses

Mamestra configurata NPV-A#AAQ11050.1#Baculoviridae Viruses

Agrotis segetum nucleopolyhedrovirus#YP_529747.1#Baculoviridae Viruses

Apocheima cinerarius nucleopolyhedrovirus#YP_006607806.1#Baculoviridae Viruses

Orgyia leucostigma NPV#YP_001651010.1#Baculoviridae Viruses

Melanoplus sanguinipes entomopoxvirus#NP_048265.1#Poxviridae Viruses

Helicoverpa armigera nucleopolyhedrovirus G4#NP_075129.1#Baculoviridae Viruses

Chrysodeixis chalcites nucleopolyhedrovirus#YP_249659.1#Baculoviridae Viruses

Heliothis virescens ascovirus 3e#YP_001110944.1#Ascoviridae Viruses

Diadromus pulchellus ascovirus 4a#CCA61432.1#Ascoviridae Viruses

Helicoverpa zea SNPV#NP_542684.1#Baculoviridae Viruses

Staphylococcus phage 47#YP_240038.1#Viruses Phages

Trichoplusia ni ascovirus 2c#YP_803387.1#Ascoviridae Viruses

Clanis bilineata nucleopolyhedrosis virus#YP_717643.1#Baculoviridae Viruses

Invertebrate iridescent virus 6#NP_149664.1#Iridoviridae Viruses

Lactobacillus phage Lv-1#YP_002455816.1#Viruses Phages

Euproctis pseudoconspersa nucleopolyhedrovirus#YP_002854747.1#Baculoviridae Viruses

Helicoverpa armigera NPV#AAM18341.1#Baculoviridae Viruses

Invertebrate iridescent virus 3#YP_654591.1#Iridoviridae Viruses

Lactobacillus phage c5#ACA63334.1#Viruses Phages

Spodoptera litura nucleopolyhedrovirus II#YP_002332836.1#Baculoviridae Viruses

Agrotis ipsilon nuclear MNPV#YP_002268049.1#Baculoviridae Viruses

Staphylococcus phage phiMR11#YP_001604100.1#Viruses Phages

Helicoverpa armigera multiple nucleopolyhedrovirus#YP_002332618.1#Baculoviridae Viruses

Plutella xylostella multiple nucleopolyhedrovirus#YP_758468.1#Baculoviridae Viruses

Adoxophyes honmai NPV#NP_818680.1#Baculoviridae Viruses

Amsacta moorei entomopoxvirus 'L'#NP_064959.1#Poxviridae Viruses

Xylella fastidiosa M12#YP_001775758.1#Gammaproteobacteria Bacteria

Streptococcus gallolyticus UCN34#YP_003429867.1#Bacilli Bacteria

Bombyx mandarina nucleopolyhedrovirus#YP_002884262.1#Baculoviridae Viruses

Bombyx mori NPV#ABO13905.1#Baculoviridae Viruses

Hyphantria cunea nucleopolyhedrovirus#YP_473332.1#Baculoviridae Viruses

Mamestra configurata NPV-B#NP_689295.1#Baculoviridae Viruses

Spodoptera litura NPV#NP_258393.1#Baculoviridae Viruses

Xylella fastidiosa M23#YP_001829907.1#Gammaproteobacteria Bacteria

Trichoplusia ni SNPV#YP_308997.1#Baculoviridae Viruses

Ecotropis obliqua NPV#YP_874282.1#Baculoviridae Viruses

Xylella phage Xfas53#YP_003344898.1#Viruses Phages

Choristoneura fumiferana DEF MNPV#NP_932615.1#Baculoviridae Viruses

Xylella fastidiosa 9a5c#AAF85322.1#Gammaproteobacteria Bacteria

Spodoptera frugiperda ascovirus 1a#YP_762434.1#Ascoviridae Viruses

Lymantria xylina MNPV#YP_003517887.1#Baculoviridae Viruses

Pseudaletia unipuncta granulovirus#YP_003422476.1#Baculoviridae Viruses

Leucania separata nuclear polyhedrosis virus#YP_758349.1#Baculoviridae Viruses

Lymantria dispar MNPV#NP_047708.1#Baculoviridae Viruses

Xylella fastidiosa Ann-1#ZP_00683577.1#Gammaproteobacteria Bacteria

Spodoptera frugiperda MNPV#YP_001036361.1#Baculoviridae Viruses

Wiseana iridescent virus#YP_004732871.1#Iridoviridae Viruses

9 7

100

8 0

2 2

4 1

7 4

9 7

100

9 9

100

3 7

3 6

7 5

1 9

2 3

2 7

9 8

100

6 1

100

6 1

4 5

7 6

2 0

2 1

1 3

3 5

6 0

9 9

7 02 4

3 6

100

6 5

6 2

9 1

100

1 4

5 7

5 7

2 3

4 0

3 9

6 7

1 0

100

9 7

100

6 5

8 3

5 0

9 4

4 8

7

9 2



 

 

 

 

 

 

 

 
 

Figure S2. helicase 2 phylogeny. The tree was obtained from a maximum likelihood inference of the helicase 2 

multiple amino acid alignments, including homologues found in baculoviruses and poxviruses, in other large DNA 

viruses and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 

replicates). 
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Figure S3. matrixin metalloproteinase phylogeny. The tree was obtained from a maximum likelihood inference of 

the matrixin metalloproteinase multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Figure S4. nla gene he65 (AcMNPV orf105) phylogeny. The tree was obtained from a maximum likelihood 

inference of the nla gene he65 (AcMNPV orf105) multiple amino acid alignments, including homologues found in 

baculoviruses and poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate 

maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S5. protein tyrosine phosphatase 2 (ptp-2) phylogeny. The tree was obtained from a maximum likelihood 

inference of the protein tyrosine phosphatase 2 (ptp-2) multiple amino acid alignments, including homologues 

found in baculoviruses and poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes 

indicate maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S6. putative phage antirepressor phylogeny. The tree was obtained from a maximum likelihood inference of 

the putative phage antirepressor multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Figure S7. unknown LdMNPV orf129 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown LdMNPV orf129 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps 

(100 replicates). 
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Figure S8. chitin binding protein (AcMNPV orf145) phylogeny. The tree was obtained from a maximum 

likelihood inference of the chitin binding protein (AcMNPV orf145) multiple amino acid alignments, including 

homologues found in baculoviruses and poxviruses, in other large DNA viruses and in cellular organisms. Support 

for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 

  

Diabrotica virgifera virgifera#EW761902.1#Coleoptera Insecta Invertebrates

Antheraea pernyi nucleopolyhedrovirus#YP_611017.1#Baculoviridae Viruses

Spodoptera litura granulovirus#YP_001256980.1#Baculoviridae Viruses

Epiphyas postvittana#EV809288.1#Lepidoptera Insecta Invertebrates

Maruca vitrata MNPV#YP_950848.1#Baculoviridae Viruses

Xestia c-nigrum granulovirus#NP_059299.1#Baculoviridae Viruses

Anticarsia gemmatalis nucleopolyhedrovirus#YP_803502.1#Baculoviridae Viruses

Manduca sexta#GR921452.1#Lepidoptera Insecta Invertebrates

Mamestra configurata NPV-A#NP_613126.1#Baculoviridae Viruses

Euproctis pseudoconspersa nucleopolyhedrovirus#YP_002854694.1#Baculoviridae Viruses

Phthorimaea operculella granulovirus#NP_663208.1#Baculoviridae Viruses

Xestia c-nigrum granulovirus#NP_059253.1#Baculoviridae Viruses

Clostera anachoreta granulovirus#YP_004376272.1#Baculoviridae Viruses

Myzus persicae#DW014291.1#Hemiptera Insecta Invertebrates

Spodoptera exigua MNPV#NP_037828.1#Baculoviridae Viruses

Linepithema humile#EZ937631.1#Hymenoptera Insecta Invertebrates

Leucania separata nuclear polyhedrosis virus#YP_758351.1#Baculoviridae Viruses

Choristoneura occidentalis granulovirus#YP_654480.1#Baculoviridae Viruses

Helicoverpa armigera nucleopolyhedrovirus G4#NP_075081.1#Baculoviridae Viruses

Drosophila virilis#XP_002054391.1#Diptera Insecta Invertebrates

Plutella xylostella#AAN63949.1#Lepidoptera Insecta Invertebrates

Triatoma infestans#HO762984.1#Hemiptera Insecta Invertebrates

Orgyia leucostigma NPV#YP_001650919.1#Baculoviridae Viruses

Helicoverpa armigera granulovirus#YP_001649001.1#Baculoviridae Viruses

Spodoptera frugiperda MNPV#ADV91301.1#Baculoviridae Viruses

Choristoneura occidentalis granulovirus#YP_654430.1#Baculoviridae Viruses

Musca domestica salivary gland hypertrophy virus#YP_001883377.1#Hytrosaviridae Viruses

Pseudaletia unipuncta granulovirus#YP_003422470.1#Baculoviridae Viruses

Helicoverpa zea SNPV#NP_542709.1#Baculoviridae Viruses

Mamestra configurata NPV-A#AAQ11039.1#Baculoviridae Viruses

Pemphigus spyrothecae#FO049118.1#Hemiptera Insecta Invertebrates

Tenebrio molitor#CAD31740.4#Coleoptera Insecta Invertebrates

Helicoverpa armigera granulovirus#YP_001649088.1#Baculoviridae Viruses

Mythimna separata entomopoxvirus 'L'#CCU56371.1#Poxviridae Viruses

Adoxophyes orana nucleopolyhedrovirus#YP_002300538.1#Baculoviridae Viruses

Drosophila mojavensis#XP_002008867.1#Diptera Insecta Invertebrates

Spodoptera litura granulovirus#YP_001256960.1#Baculoviridae Viruses

Drosophila grimshawi#XP_001983448.1#Diptera Insecta Invertebrates

Aedes albopictus#JO903136.1#Diptera Insecta Invertebrates

Spodoptera litura NPV#NP_258282.1#Baculoviridae Viruses

Nasonia giraulti#ES630673.1#Hymenoptera Insecta Invertebrates

Drosophila erecta#XP_001972434.1#Diptera Insecta Invertebrates

Plutella xylostella granulovirus#NP_068231.1#Baculoviridae Viruses

Ecotropis obliqua NPV#YP_874246.1#Baculoviridae Viruses

Adoxophyes orana granulovirus#NP_872520.1#Baculoviridae Viruses

Spodoptera litura NPV#ADE80912.1#Baculoviridae Viruses

Orgyia pseudotsugata MNPV#NP_046266.1#Baculoviridae Viruses

Culicoides sonorensis#AAV84235.1#Diptera Insecta Invertebrates

Helicoverpa armigera#ACB54934.1#Lepidoptera Insecta Invertebrates

Hydra magnipapillata#XP_002170023.1#Hydrozoa Invertebrates

Apocheima cinerarius nucleopolyhedrovirus#YP_006607881.1#Baculoviridae Viruses

Mamestra configurata NPV-A#NP_613247.1#Baculoviridae Viruses

Clanis bilineata nucleopolyhedrosis virus#YP_717600.1#Baculoviridae Viruses

Lymantria dispar MNPV#NP_047666.1#Baculoviridae Viruses

Mayetiola destructor#GR306295.1#Diptera Insecta Invertebrates

Neodiprion sertifer NPV#YP_025174.1#Baculoviridae Viruses

Bombyx mori NPV#ACC78174.1#Baculoviridae Viruses

Cydia pomonella granulovirus#NP_148793.1#Baculoviridae Viruses

Lymantria xylina MNPV#YP_003517754.1#Baculoviridae Viruses

Anopheles darlingi#EFR23189.1#Diptera Insecta Invertebrates

Spodoptera litura nucleopolyhedrovirus II#YP_002332839.1#Baculoviridae Viruses

Trichoplusia ni#AAR06266.1#Lepidoptera Insecta Invertebrates

Cryptophlebia leucotreta granulovirus#NP_891917.1#Baculoviridae Viruses

Acyrthosiphon kondoi#FO017403.1#Hemiptera Insecta Invertebrates

Plutella xylostella multiple nucleopolyhedrovirus#YP_758609.1#Baculoviridae Viruses

Cydia pomonella granulovirus#NP_148863.1#Baculoviridae Viruses

Agrotis segetum granulovirus#YP_006334.1#Baculoviridae Viruses

Pseudaletia unipuncta granulovirus#YP_003422358.1#Baculoviridae Viruses

Plutella xylostella granulovirus#NP_068278.1#Baculoviridae Viruses

Chrysodeixis chalcites nucleopolyhedrovirus#YP_249618.1#Baculoviridae Viruses

Adoxophyes orana granulovirus#NP_872462.1#Baculoviridae Viruses

Spodoptera exigua#ADE22324.1#Lepidoptera Insecta Invertebrates

Heliconius melpomene#ES586406.1#Lepidoptera Insecta Invertebrates

Euproctis pseudoconspersa nucleopolyhedrovirus#YP_002854620.1#Baculoviridae Viruses

Helicoverpa armigera multiple nucleopolyhedrovirus#YP_002332573.1#Baculoviridae Viruses

Helicoverpa armigera granulovirus#YP_001649067.1#Baculoviridae Viruses

Mamestra configurata#AAP33177.1#Lepidoptera Insecta Invertebrates

Orgyia leucostigma NPV#YP_001650936.1#Baculoviridae Viruses

Hyphantria cunea nucleopolyhedrovirus#YP_473233.1#Baculoviridae Viruses

Pieris rapae granulovirus#ADO85492.1#Baculoviridae Viruses

Iragoides fasciata nucleopolyhedrovirus#ACJ04630.1#Baculoviridae Viruses

Agrotis segetum granulovirus#YP_006277.1#Baculoviridae Viruses

Leucania separata nuclear polyhedrosis virus#YP_758311.1#Baculoviridae Viruses

Mamestra configurata NPV-A#NP_613201.1#Baculoviridae Viruses

Mythimna separata entomopoxvirus 'L'#CCU56346.1#Poxviridae Viruses

Aphis gossypii#GW527249.1#Hemiptera Insecta Invertebrates

Phthorimaea operculella granulovirus#NP_663173.1#Baculoviridae Viruses

Clostera anachoreta granulovirus#YP_004376245.1#Baculoviridae Viruses

Spodoptera litura#ADV03161.1#Lepidoptera Insecta Invertebrates

Holotrichia oblita#ACR20468.1#Coleoptera Insecta Invertebrates

Loxostege sticticalis#ACQ65651.1#Lepidoptera Insecta Invertebrates

7 7
3 5

7 5

0

1

9 8

5 7

3

3 5

5 6

8

2

9 8

8 5

4 3

4 1

1 1

1 8

7 13 4

7 8

5 3

2 5

5 2

7 0

2 8

2 5

1

4 3

3

1 7

4

4

3 2

1 2

6 7

5 6

6 3

7 9

1 3

6 9

9 8

9 1

7 8

9 7

6 3

2 8

8

9 4

0

2 8

3 5

4 0

8

8 7

1 3

4 3

4 2

8 8

6 0

2 3

3 72

4

2 3

0

5 6

5 7

3 4

1 6

9 8

2 1

5 1

5 7

3 5

2 7

4 1

6 8

4

4 4

3 3

2 3

7 8
9 9

7 3

2 5

9 5

9 3

8 6



 

 

 

 
 

Figure S9. Cu/Zn superoxide dismutase phylogeny. The tree was obtained from a maximum likelihood inference 

of the Cu/Zn superoxide dismutase multiple amino acid alignments, including homologues found in baculoviruses 

and poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum 

likelihood nonparametric bootstraps (100 replicates). 
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Figure S10. inhibitor of apoptosis phylogeny. The tree was obtained from a maximum likelihood inference of the 

inhibitor of apoptosis multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Figure S11. MTG motif gene family protein phylogeny. The tree was obtained from a maximum likelihood 

inference of the MTG motif gene family protein multiple amino acid alignments, including homologues found in 

baculoviruses and poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate 

maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S12. ubiquitin phylogeny. The tree was obtained from a maximum likelihood inference of the ubiquitin 

multiple amino acid alignments, including homologues found in baculoviruses and poxviruses, in other large DNA 

viruses and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 

replicates). 
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Figure S13. unknown AcMNPV orf7 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown AcMNPV orf7 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Figure S14. unknown XecnGV orf106 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown XecnGV orf106 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Figure S15. unknown XecnGV orf22 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown XecnGV orf22 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, in other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Figure S16. acetyltransferase phylogeny. The tree was obtained from a maximum likelihood inference of the 

acetyltransferase multiple amino acid alignments, including homologues found in baculoviruses and poxviruses, in 

other large DNA viruses and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric 

bootstraps (100 replicates). 
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Figure S17. protein phosphatase 1, regulary subunit 15A phylogeny. The tree was obtained from a maximum 

likelihood inference of the protein phosphatase 1, regulary subunit 15A multiple amino acid alignments, including 

homologues found in baculoviruses and poxviruses, in other large DNA viruses and in cellular organisms. Support 

for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S18. ribonucleotide reductase small subunit homolog phylogeny. The tree was obtained from a maximum 

likelihood inference of the ribonucleotide reductase small subunit homolog multiple amino acid alignments, 

including homologues found in baculoviruses and poxviruses, in other large DNA viruses and in cellular 

organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S19. unknown XecnGV orf72 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown XecnGV orf72 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps 

(100 replicates). 
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Figure S20. protein tyrosine phosphatase 1 (ptp-1) phylogeny. The tree was obtained from a maximum likelihood 

inference of the protein tyrosine phosphatase 1 (ptp-1) multiple amino acid alignments, including homologues 

found in baculoviruses and poxviruses, and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 
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Xenopus Silurana tropicalis#XP_002943618.1#Amphibia Vertebrates

Maruca vitrata MNPV#YP_950853.1#Baculoviridae Viruses

Orgyia pseudotsugata MNPV#NP_046166.1#Baculoviridae Viruses

Dendroctonus ponderosae#GT351153.1#Coleoptera Insecta Invertebrates

Osmerus mordax#ACO10032.1#Actinopterygii Vertebrates

Ixodes scapularis#XP_002407939.1#Arachnida Invertebrates

Choristoneura biennis entomopoxvirus 'L'#CCU55850.1#Poxviridae Viruses

Amsacta moorei entomopoxvirus 'L'#NP_064860.1#Poxviridae Viruses

Schistosoma japonicum#CAX73575.1#Trematoda Invertebrates

Canarypox virus#NP_955206.1#Poxviridae Viruses

Cytophaga hutchinsonii ATCC 33406#YP_678973.1#Cytophagia Bacteria

Swinepox virus#NP_570229.1#Poxviridae Viruses

Spodoptera littoralis#FQ017118.1#Lepidoptera Insecta Invertebrates

Anopheles funestus#EZ975846.1#Diptera Insecta Invertebrates

Crocodilepox virus#YP_784291.1#Poxviridae Viruses

Glossina morsitans morsitans#ADD19385.1#Diptera Insecta Invertebrates

Trichomonas vaginalis G3#XP_001327945.1#Parabasalia Invertebrates

Salmo salar#ACN10772.1#Actinopterygii Vertebrates

Striacosta albicosta#EZ581420.1#Lepidoptera Insecta Invertebrates

Bicyclus anynana#GE688573.1#Lepidoptera Insecta Invertebrates

Sarcophaga crassipalpis#EZ608907.1#Diptera Insecta Invertebrates

Trichinella spiralis#XP_003375640.1#Enoplea Invertebrates

Mythimna separata entomopoxvirus 'L'#CCU56469.1#Poxviridae Viruses

Mycobacterium phage Rey#AEK10023.1#Viruses Phages

Anolis carolinensis#XP_003224781.1#Lepidosauria Vertebrates

Nasonia vitripennis#XP_001602117.1#Hymenoptera Insecta Invertebrates

Rhopalosiphum padi#FO069673.1#Hemiptera Insecta Invertebrates

Oryza sativa Indica Group#EEC67887.1#Liliopsida Plants

Heliothis virescens#GT202596.1#Lepidoptera Insecta Invertebrates

Vulcanisaeta moutnovskia 768-28#YP_004244668.1#Thermoprotei Bacteria

Invertebrate iridescent virus 6#NP_149586.1#Iridoviridae Viruses

Choristoneura fumiferana DEF MNPV#NP_932616.1#Baculoviridae Viruses

Bombyx mandarina nucleopolyhedrovirus#YP_002884376.1#Baculoviridae Viruses

Invertebrate iridescent virus 6#NP_149660.1#Iridoviridae Viruses

Onthophagus taurus#FG540765.1#Coleoptera Insecta Invertebrates

Drosophila simulans#XP_002081069.1#Diptera Insecta Invertebrates

Candidatus Korarchaeum cryptofilum OPF8#YP_001736620.1#Korarchaeota Bacteria

Cochliomyia hominivorax#FG283785.1#Diptera Insecta Invertebrates
Eulaema nigrita#HP956921.1#Hymenoptera Insecta Invertebrates

Trichoplusia ni SNPV#YP_309021.1#Baculoviridae Viruses

Populus trichocarpa#XP_002308205.1#eudicotyledons Plants

Amsacta moorei entomopoxvirus 'L'#NP_065028.1#Poxviridae Viruses

Danaus plexippus#EY272595.1#Lepidoptera Insecta Invertebrates

Leptospira biflexa serovar Patoc strain Patoc 1 Paris#YP_001837967.1#Spirochaetia Bacteria

Daphnia pulex#EFX79220.1#Branchiopoda Invertebrates

Choristoneura fumiferana MNPV#NP_848321.1#Baculoviridae Viruses

Cryptophlebia leucotreta granulovirus#NP_891936.1#Baculoviridae Viruses
Orgyia pseudotsugata MNPV#NP_046165.1#Baculoviridae Viruses

Lepeophtheirus salmonis#ACO12195.1#Maxillopoda Invertebrates

Mamestra configurata NPV-B#NP_689208.1#Baculoviridae Viruses

Arabidopsis lyrata subsp. lyrata#XP_002873017.1#eudicotyledons Plants

Xenopus laevis#AAF43144.1#Amphibia Vertebrates

Aphis gossypii#DR390560.1#Hemiptera Insecta Invertebrates

Ictalurus furcatus#ADO28419.1#Actinopterygii Vertebrates
Babesia bovis T2Bo#XP_001611757.1#Aconoidasida Invertebrates

Apis florea#HP836505.1#Hymenoptera Insecta Invertebrates

Red sea bream iridovirus#BAK14224.1#Iridoviridae Viruses

Loa loa#XP_003144526.1#Chromadorea Invertebrates

Mythimna separata entomopoxvirus 'L'#CCU56367.1#Poxviridae Viruses

Plasmodium chabaudi chabaudi#XP_733439.1#Aconoidasida Invertebrates

Apis mellifera#XP_397436.3#Hymenoptera Insecta Invertebrates

Oryctolagus cuniculus#XP_002709676.1#Mammalia Vertebrates

Ornithorhynchus anatinus#XP_001513473.1#Mammalia Vertebrates

Gallus gallus#NP_001171207.1#Aves Vertebrates

Rana catesbeiana#ACO52053.1#Amphibia Vertebrates

Taeniopygia guttata#XP_002192098.1#Aves Vertebrates

Canarypox virus#NP_955108.1#Poxviridae Viruses

Leishmania donovani#XP_003858209.1#Euglenozoa Invertebrates
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Figure S21. DNA photolyase phylogeny. The tree was obtained from a maximum likelihood inference of the DNA 

photolyase multiple amino acid alignments, including homologues found in baculoviruses and poxviruses, and in 

cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 

  

Trichoplusia ni SNPV#YP_308955.1#Baculoviridae Viruses

Fowlpox virus isolate HP-438Munich#CAE52697.1#Poxviridae Viruses

Ampelophaga rubiginosa nucleopolyhedrovirus#ACB32172.1#Baculoviridae Viruses

Fowlpox virus#NP_039121.1#Poxviridae Viruses

Aminobacterium colombiense DSM 12261#YP_003554683.1#Synergistia Bacteria

Copidosoma floridanum#JI843926.1#Hymenoptera Insecta Invertebrates

Desulfonatronospira thiodismutans ASO3-1#ZP_07017640.1#Deltaproteobacteria Bacteria

Pseudoplusia includens nucleopolyhedrovirus#ACG63558.1#Baculoviridae Viruses

Mythimna separata entomopoxvirus 'L'#CCU56242.1#Poxviridae Viruses

Phlebotomus papatasi#FG113883.1#Diptera Insecta Invertebrates

Amsacta moorei entomopoxvirus 'L'#NP_064807.1#Poxviridae Viruses

Chrysodeixis chalcites nucleopolyhedrovirus#YP_249672.1#Baculoviridae Viruses

Heliconius erato himera mixed EST library#EL601330.1#Lepidoptera Insecta Invertebrates

Rabbit fibroma virus#NP_052016.1#Poxviridae Viruses

Taeniopygia guttata#XP_002190613.1#Aves Vertebrates

Anopheles funestus#EZ977776.1#Diptera Insecta Invertebrates

Bemisia tabaci#EZ962217.1#Hemiptera Insecta Invertebrates

Methanosaeta concilii GP-6#YP_004382928.1#Methanomicrobia Bacteria

Apocheima cinerarius nucleopolyhedrovirus#YP_006607781.1#Baculoviridae Viruses

Canarypox virus#NP_955229.1#Poxviridae Viruses

Spodoptera frugiperda#FP376189.1#Lepidoptera Insecta Invertebrates

Nasonia giraulti#ES617105.1#Hymenoptera Insecta Invertebrates

Plasmodium yoelii yoelii str. 17XNL#XP_730750.1#Aconoidasida Invertebrates

Monodelphis domestica#NP_001028149.1#Mammalia Vertebrates

Melanoplus sanguinipes entomopoxvirus#NP_048306.1#Poxviridae Viruses

Strongylocentrotus franciscanus#ACO51512.1#Echinoidea Invertebrates

Adoxophyes honmai entomopoxvirus 'L'#CCU55349.1#Poxviridae Viruses

Plasmodium vivax SaI-1#XP_001613820.1#Aconoidasida Invertebrates

Cucumis sativus#BAB39480.1#eudicotyledons Plants

Myxoma virus#NP_051841.1#Poxviridae Viruses

Oryzias latipes#NP_001098271.1#Actinopterygii Vertebrates

Chlorella pyrenoidosa#BAE48230.1#Trebouxiophyceae Plants

Pityrogramma austroamericana#AAQ18175.1#Polypodiopsida Plants

Heliothis virescens#GT209860.1#Lepidoptera Insecta Invertebrates

Ceratitis capitata#FG083252.1#Diptera Insecta Invertebrates

Methanosarcina acetivorans C2A#NP_618934.1#Methanomicrobia Bacteria

Aedes albopictus#JO862401.1#Diptera Insecta Invertebrates

Chrysodeixis chalcites nucleopolyhedrovirus#YP_249676.1#Baculoviridae Viruses

Choristoneura biennis entomopoxvirus 'L'#CCU55621.1#Poxviridae Viruses

Aphis gossypii#GW525294.1#Hemiptera Insecta Invertebrates

Spodoptera litura granulovirus#YP_001257001.1#Baculoviridae Viruses

Anolis carolinensis#XP_003227011.1#Lepidosauria Vertebrates

Pseudoplusia includens nucleopolyhedrovirus#ACD01435.1#Baculoviridae Viruses

Spinacia oleracea#AAP31406.1#eudicotyledons Plants

Plasmodium knowlesi strain H#XP_002259677.1#Aconoidasida Invertebrates

Xenopus laevis#NP_001089127.1#Amphibia Vertebrates

Drosophila melanogaster#BAA05042.1#Diptera Insecta Invertebrates

Choristoneura rosaceana entomopoxvirus 'L'#CCU55937.1#Poxviridae Viruses

Clanis bilineata nucleopolyhedrosis virus#YP_717590.1#Baculoviridae Viruses

Teleopsis dalmanni#GO289808.1#Diptera Insecta Invertebrates

Carassius auratus#P34205.1#Actinopterygii Vertebrates

Toxoplasma gondii VEG#EEE30683.1#Coccidia Invertebrates

Methanosarcina barkeri str. Fusaro#YP_304088.1#Methanomicrobia Bacteria
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Figure S22. dUTPase phylogeny. The tree was obtained from a maximum likelihood inference of the dUTPase 

multiple amino acid alignments, including homologues found in baculoviruses and poxviruses, in other large DNA 

viruses and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 

replicates). 

  

Spodoptera frugiperda#FP365705.1#Lepidoptera Insecta Invertebrates

Orf virus#NP_957784.1#Poxviridae Viruses

Goatpox virus Pellor#YP_001293209.1#Poxviridae Viruses

Bacillus phage 11143#ADA84961.1#Viruses Phages

Ophiusa disjungens nucleopolyhedrovirus#ACI43908.1#Baculoviridae Viruses

Lutzomyia longipalpis#AM100017.1#Diptera Insecta Invertebrates

Spodoptera litura granulovirus#YP_001257002.1#Baculoviridae Viruses

Tiger frog virus#AAL77806.1#Iridoviridae Viruses

Caenorhabditis elegans#NP_001021553.1#Chromadorea Invertebrates

Euproctis pseudoconspersa nucleopolyhedrovirus#YP_002854705.1#Baculoviridae Viruses

Coptotermes formosanus#JK389271.1#Isoptera Insecta Invertebrates

Amsacta moorei entomopoxvirus 'L'#NP_064889.1#Poxviridae Viruses

Rattus norvegicus#NP_446044.1#Mammalia Vertebrates

Pseudocowpox virus#ADC53776.1#Poxviridae Viruses

Tetraodon nigroviridis#CAF99850.1#Actinopterygii Vertebrates

Clostridium difficile QCD-23m63#ZP_05401788.1#Clostridia Bacteria

Brugia malayi#XP_001892198.1#Chromadorea Invertebrates

Spodoptera frugiperda MNPV#ACA02611.1#Baculoviridae Viruses

Striacosta albicosta#EZ581845.1#Lepidoptera Insecta Invertebrates

Trichoplax adhaerens#XP_002111770.1#Placozoa Invertebrates

Ixodes scapularis#XP_002402827.1#Arachnida Invertebrates

Salpingoeca sp. ATCC50818#EGD83321.1#Choanoflagellida Invertebrates

Solibacillus silvestris StLB046#YP_006463035.1#Bacilli Bacteria

Helicoverpa armigera#JK133564.1#Lepidoptera Insecta Invertebrates

Anolis carolinensis#XP_003229150.1#Lepidosauria Vertebrates

Staphylococcus phage 37#YP_240144.1#Viruses Phages

Cowpox virus#ADZ30657.1#Poxviridae Viruses

Grouper iridovirus#AAV91051.1#Iridoviridae Viruses

Schistocerca gregaria#JG673823.1#Orthoptera Insecta Invertebrates

Spodoptera exigua MNPV#NP_037815.1#Baculoviridae Viruses

Canarypox virus#NP_955079.1#Poxviridae Viruses

Ostreococcus lucimarinus CCE9901#XP_001422063.1#Mamiellophyceae Plants

Orgyia pseudotsugata MNPV#NP_046187.1#Baculoviridae Viruses

Homalodisca coagulata#EG368666.1#Hemiptera Insecta Invertebrates

Erwinia phage Y2#AEJ81433.1#Viruses Phages

Lodderomyces elongisporus NRRL YB-4239#XP_001526579.1#Saccharomycetes Fungi

Wiseana iridescent virus#YP_004732828.1#Iridoviridae Viruses

Musca domestica salivary gland hypertrophy virus#YP_001883380.1#Hytrosaviridae Viruses

Trichoplusia ni#FF373030.1#Lepidoptera Insecta Invertebrates

Yaba monkey tumor virus#NP_938274.1#Poxviridae Viruses

Haematobia irritans irritans#FD456929.1#Diptera Insecta Invertebrates

Vespula squamosa#GW788703.1#Hymenoptera Insecta Invertebrates

Drosophila virilis#XP_002051780.1#Diptera Insecta Invertebrates

Micromonas pusilla CCMP1545#XP_003064085.1#Mamiellophyceae Plants

Phlebotomus papatasi#EY217231.1#Diptera Insecta Invertebrates

Crocosphaera watsonii WH 8501#ZP_00515841.1#Cyanobacteria Bacteria

Amsacta moorei entomopoxvirus 'L'#NP_064784.1#Poxviridae Viruses

Lymantria dispar MNPV#NP_047753.1#Baculoviridae Viruses

Armigeres subalbatus#EU205711.1#Diptera Insecta Invertebrates

Mamestra configurata NPV-B#NP_689248.1#Baculoviridae Viruses

Bemisia tabaci#HP660632.1#Hemiptera Insecta Invertebrates

Danio rerio#NP_001006005.1#Actinopterygii Vertebrates

Staphylococcus phage 2638A#YP_239842.1#Viruses Phages

Volvox carteri f. nagariensis#XP_002953646.1#Chlorophyceae Plants

Anopheles gambiae#XP_319329.3#Diptera Insecta Invertebrates

Mythimna separata entomopoxvirus 'L'#CCU56324.1#Poxviridae Viruses

Anopheles funestus#EZ973703.1#Diptera Insecta Invertebrates

Ciona intestinalis#XP_002130085.1#Ascidiacea Invertebrates

Rabbit fibroma virus#NP_051901.1#Poxviridae Viruses

Orgyia leucostigma NPV#YP_001651005.1#Baculoviridae Viruses

Daphnia pulex#EFX81802.1#Branchiopoda Invertebrates

Swinepox virus#NP_570173.1#Poxviridae Viruses

Peregrinus maidis#GO446830.1#Hemiptera Insecta Invertebrates

Yaba-like disease virus#NP_073402.1#Poxviridae Viruses

Bacillus phage IEBH#YP_002154348.1#Viruses Phages

Choristoneura biennis entomopoxvirus 'L'#CCU55728.1#Poxviridae Viruses

Caenorhabditis brenneri#EGT54310.1#Chromadorea Invertebrates

Apis mellifera#HP518117.1#Hymenoptera Insecta Invertebrates

Tribolium castaneum#XP_973701.1#Coleoptera Insecta Invertebrates

Chrysodeixis chalcites nucleopolyhedrovirus#YP_249723.1#Baculoviridae Viruses

Baetis sp. AB-2009#FN202767.1#Ephemeroptera Insecta Invertebrates

Ectocarpus siliculosus#CBJ28166.1#Phaeophyceae Plants

Choristoneura rosaceana entomopoxvirus 'L'#CCU56030.1#Poxviridae Viruses

Cochliomyia hominivorax#FG288675.1#Diptera Insecta Invertebrates

Clostridium tetani E88#NP_781842.1#Clostridia Bacteria
Oscillatoria sp. PCC 6506#ZP_07112339.1#Cyanobacteria Bacteria

Heliothis virescens#HO052290.1#Lepidoptera Insecta Invertebrates

Sarcophaga crassipalpis#EZ597741.1#Diptera Insecta Invertebrates

Deerpox virus W-848-83#YP_227400.1#Poxviridae Viruses

Caenorhabditis remanei#XP_003109147.1#Chromadorea Invertebrates

Manduca sexta#JO831087.1#Lepidoptera Insecta Invertebrates

Bovine papular stomatitis virus#NP_957916.1#Poxviridae Viruses

Orf virus#ADY76800.1#Poxviridae Viruses

Adoxophyes honmai entomopoxvirus 'L'#CCU55426.1#Poxviridae Viruses

Agrotis segetum granulovirus#YP_006327.1#Baculoviridae Viruses

Taenia solium#ABI18353.1#Cestoda Invertebrates

Agrotis segetum nucleopolyhedrovirus#YP_529732.1#Baculoviridae Viruses

Invertebrate iridescent virus 6#NP_149901.1#Iridoviridae Viruses

Bombus terrestris#JL645061.1#Hymenoptera Insecta Invertebrates

Fowlpox virus#NP_039001.1#Poxviridae Viruses

Galleria mellonella#JG402431.1#Lepidoptera Insecta Invertebrates

Lymantria dispar#JK670838.1#Lepidoptera Insecta Invertebrates

Helicoverpa armigera multiple nucleopolyhedrovirus#YP_002332601.1#Baculoviridae Viruses

Bicyclus anynana#GE724738.1#Lepidoptera Insecta Invertebrates

Spodoptera litura NPV#NP_258278.1#Baculoviridae Viruses

Nilaparvata lugens#HS435130.1#Hemiptera Insecta Invertebrates
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Figure S23. unknown ClanGV orf085 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown ClanGV orf085 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses, and in cellular organisms. Support for nodes indicate maximum likelihood nonparametric bootstraps 

(100 replicates). 

  

Glomerella graminicola M1.001#EFQ30750.1#Sordariomycetes Fungi

Oikopleura dioica#CBY37725.1#Appendicularia Invertebrates

Cryptosporidium hominis TU502#XP_668248.1#Coccidia Invertebrates

Plasmodium chabaudi chabaudi#XP_741073.1#Aconoidasida Invertebrates

Oryzias latipes#AAT42019.1#Actinopterygii Vertebrates

Choristoneura rosaceana entomopoxvirus 'L'#CCU56090.1#Poxviridae Viruses

Drosophila simulans#XP_002081369.1#Diptera Insecta Invertebrates

Cryptosporidium muris RN66#XP_002139677.1#Coccidia Invertebrates

Serpula lacrymans var. lacrymans S7.9#EGO19976.1#Agaricomycetes Fungi

Macaca fascicularis#BAE02478.1#Mammalia Vertebrates

Phaeosphaeria nodorum SN15#XP_001794159.1#Dothideomycetes Fungi

Paramecium tetraurelia strain d4-2#XP_001461891.1#Oligohymenophorea Invertebrates

Choristoneura biennis entomopoxvirus 'L'#CCU55788.1#Poxviridae Viruses

Danio rerio#XP_003201680.1#Actinopterygii Vertebrates

Phytophthora infestans T30-4#XP_002909561.1# Oomycota Plants

Drosophila erecta#XP_001975736.1#Diptera Insecta Invertebrates

Dictyostelium purpureum#XP_003285870.1#Amoebozoa Invertebrates

Hydra magnipapillata#XP_002169463.1#Hydrozoa Invertebrates

Chaetomium thermophilum var. thermophilum DSM 1495#EGS21284.1#Sordariomycetes Fungi

Adoxophyes honmai entomopoxvirus 'L'#CCU55479.1#Poxviridae Viruses

Clostera anachoreta granulovirus#YP_004376293.1#Baculoviridae Viruses

Drosophila pseudoobscura pseudoobscura#XP_002134328.1#Diptera Insecta Invertebrates

Drosophila persimilis#XP_002024528.1#Diptera Insecta Invertebrates

9 6

4 3

9 6

1

1

9 7

0

0

2 6

6 5

7

8 5

3

8

0

2

0

3 2

9 7

8 0

0



 

 

 

 

 

 

 

 

 

 
 

Figure S24. leucine rich gene family protein phylogeny. The tree was obtained from a maximum likelihood 

inference of the leucine rich gene family protein multiple amino acid alignments, including homologues found in 

baculoviruses and poxviruses, and in cellular organisms. Support for nodes indicate maximum likelihood 

nonparametric bootstraps (100 replicates). 

  

Capra hircus#ADZ13669.1#Mammalia Vertebrates

Paramecium tetraurelia strain d4-2#XP_001424129.1#Oligohymenophorea Invertebrates

Plasmodium knowlesi strain H#XP_002260688.1#Aconoidasida Invertebrates

Eulaema nigrita#HP958662.1#Hymenoptera Insecta Invertebrates

Trypanosoma brucei#AAA32117.2#Euglenozoa Invertebrates

Nematostella vectensis#XP_001637834.1#Anthozoa Invertebrates

Babesia bovis T2Bo#XP_001608816.1#Aconoidasida Invertebrates

Phthorimaea operculella granulovirus#NP_663180.1#Baculoviridae Viruses

Clostridium botulinum A str. ATCC 3502#YP_001254283.1#Clostridia Bacteria

Sarcophaga crassipalpis#EZ599277.1#Diptera Insecta Invertebrates

Sus scrofa#ADZ17139.1#Mammalia Vertebrates

Locusta migratoria#CO837340.1#Orthoptera Insecta Invertebrates

Danaus plexippus#EY269954.1#Lepidoptera Insecta Invertebrates

Coptotermes gestroi#GT567567.1#Isoptera Insecta Invertebrates

Exoneura robusta#HP928635.1#Hymenoptera Insecta Invertebrates

Mayetiola destructor#GR307019.1#Diptera Insecta Invertebrates
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Figure S25. fusolin/spindlin/gp37 (AcMNPV orf64) phylogeny. The tree was obtained from a maximum 

likelihood inference of the fusolin/spindlin/gp37 (AcMNPV orf64) multiple amino acid alignments, including 

homologues found in baculoviruses and poxviruses, and in cellular organisms. Support for nodes indicate 

maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S26. conotoxin-like protein phylogeny. The tree was obtained from a maximum likelihood inference of the 

conotoxin-like protein multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S27. p35/p49 apoptosis inhibitor phylogeny. The tree was obtained from a maximum likelihood inference 

of the p35/p49 apoptosis inhibitor multiple amino acid alignments, including homologues found in baculoviruses 

and poxviruses. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S28. unknown AcMNPV orf18 phylogeny. The tree was obtained from a maximum likelihood inference of 

the unknown AcMNPV orf18 multiple amino acid alignments, including homologues found in baculoviruses and 

poxviruses. Support for nodes indicate maximum likelihood nonparametric bootstraps (100 replicates). 
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Figure S29. unknown AdorNPV orf110 phylogeny. The tree was obtained from a maximum likelihood inference 

of the unknown AdorNPV orf110 multiple amino acid alignments, including homologues found in baculoviruses 

and poxviruses, and in other large DNA viruses. Support for nodes indicate maximum likelihood nonparametric 

bootstraps (100 replicates). 
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