
ftp://ftp.ncbi.nih.gov/pub/yutinn/Loki_Castle_NCLDV_2018/MCP_DNAp_A18hel_aln_trees/

ftp://ftp.ncbi.nih.gov/pub/yutinn/Loki_Castle_NCLDV_2018/trans_aln_trees/

This file contains  trees  for conserved proteins used for the concatenated tree 

shown on Figure 2 (namely, DNA polymerase, major capsid protein, and A18-

like helicase), and trees for translation proteins found in Loki Castle virus  

(LCV) genomes.

LCV translation proteins  are marked with the star whenever at least one 

bona-fide NCLDV protein was found on the same contig as the translation 

protein (see the last two slides for the details).

The multiple sequence alignments and  the trees in Newick format could be 

downloaded from here: 



DNAp
LCPAC202@gene 4 LCPAC202 23

LCPAC202@gene 49 LCPAC202 1

LCPAC201@gene 2 LCPAC201 2

LCPAC103@gene 6 LCPAC103 7

LCPAC104@gene 30 LCPAC104 2

LCPAC102@gene 8 LCPAC102 7

LCPAC101@gene 8 LCPAC101 16

Orpheovirus IHUMI LCC2@YP 009448764

LCPAC304@gene 40 LCPAC304 3

LCPAC302@gene 14 LCPAC302 4

LCPAC001@gene 26 LCPAC001 2

B Pr Rickettsiales bacterium@PCJ29008

Cedratvirus@YP 009329456

Pithovirus sibericum@YP 009000951

LCPAC404@gene 45 LCPAC404 1

LCPAC403@gene 19 LCPAC403 3

LCPAC406@gene 1 LCPAC406 6

LCPAC401@gene 1 LCPAC401 1

LCDPAC01@gene 8 LCDPAC01 5

Physcomitrella patens@PNR27376

Bifiguratus adelaidae@OZJ01442

Pithoviridae

Noumeavirus@YP 009345270

Lausannevirus@YP 004347308

Brazilian marseillevirus@YP 009238893

Tokyovirus A1@YP 009255117

Melbournevirus@YP 009094792

LCMAC103@gene 60 LCMAC103 4

LCMAC101@gene 104 LCMAC101 1

LCMAC102@gene 384 LCMAC102 1

LCMAC201@gene 5 LCMAC201 13

LCMAC202@gene 18 LCMAC202 10

Marseilleviridae

Asco-, Iridoviridae

Mimiviridae

Phycodnaviridae (with Euk delta)

LCDPAC02@gene 3 LCDPAC02 9

Asfarviridae

Poxviridae

100

100

100

87

100

99

99

99

100

96

99

99

55

99

82

91

100

92

100

89

82

16

100

99

16

100

80

24

100

45

75

99

68

99

94

99

81

83

18

0.5



MCP
LCPAC201@gene 67 LCPAC201 1

LCPAC202@gene 22 LCPAC202 3

LCPAC104@gene 38 LCPAC104 2

LCPAC102@gene 8 LCPAC102 8

LCPAC101@gene 1 LCPAC101 12

LCPAC103@gene 3 LCPAC103 7

LCPAC304@gene 31 LCPAC304 2

Rickettsiales bacterium@PCJ29163

LCPAC001@gene 8 LCPAC001 1

LCPAC404@gene 34 LCPAC404 5

LCPAC403@gene 54 LCPAC403 2

LCPAC406@gene 11 LCPAC406 2

LCPAC401@gene 10 LCPAC401 4

LCDPAC01@gene 3 LCDPAC01 15

Orpheovirus IHUMI LCC2@YP 009449240

Pithovirus sibericum@YP 009001361

Cedratvirus A11@YP 009329068

LCMAC102@gene 81 LCMAC102 1

LCMAC101@gene 10 LCMAC101 2

LCMAC103@gene 2 LCMAC103 9

Lausannevirus@YP 004347316

Melbournevirus@YP 009094806

Marseillevirus marseillevirus@YP 003407071

LCMAC202@gene 3 LCMAC202 18

LCMAC201@gene 1 LCMAC201 25

Invertebrate iridescent virus 6@NP 149737

Invertebrate iridescent virus 3@YP 654586

Wiseana iridescent virus@YP 004732793

Lymphocystis disease virus@YP 025102

Frog virus 3@YP 031669

Singapore grouper iridovirus@YP 164167

Infectious spleen and kidney@NP 612228

Trichoplusia ni ascovirus 2c@YP 803375

Spodoptera frugiperda ascovirus 1a@YP 762396

Heliothis virescens ascovirus 3e@YP 001110908

Diadromus pulchellus ascovirus 4a@YP 009220669

Mimi-, Phycodnaviridae

Pleurochrysis sp endemic virus 2@AUD57312

Pleurochrysis sp endemic virus 1b@AUL80795

Pleurochrysis sp endemic virus 1a@AUD57260
Asfarviridae

LCDPAC02@gene 8 LCDPAC02 4
Poxviridae

34

90

56

100

100

46

100

90

100

98

21

99

100

100

100

86

99

100

0

100

99

99

100

94

99

36

58

99

83

63

97

99

84

96

23

89

28

19

69

100

75

87

93

0.5



A18-like helicase

LCPAC406@gene 60 LCPAC406 1

LCPAC403@gene 22 LCPAC403 3

LCPAC401@gene 60 LCPAC401 3

LCPAC404@gene 52 LCPAC404 1

Rickettsiales bacterium@PCJ29162

Pithovirus sibericum@YP 009001322

Cedratvirus A11@YP 009329488

LCPAC103@gene 8 LCPAC103 12

LCPAC202@gene 9 LCPAC202 4

LCPAC201@gene 8 LCPAC201 3

LCPAC101@gene 19 LCPAC101 6

LCPAC304@gene 10 LCPAC304 3

LCPAC104@gene 76 LCPAC104 1

LCPAC001@gene 5 LCPAC001 5

Orpheovirus IHUMI LCC2@YP 009449205

LCDPAC01@gene 7 LCDPAC01 4

LCDPAC02@gene 9 LCDPAC02 1

LCMAC102@gene 438 LCMAC102 1

LCMAC101@gene 144 LCMAC101 1

LCMAC103@gene 1 LCMAC103 7

Golden Marseillevirus@YP 009310295

Lausannevirus@YP 004347243

Melbournevirus@YP 009094743

Marseillevirus marseillevirus@YP 003407006

Tokyovirus A1@YP 009255057

LCMAC201@gene 21 LCMAC201 8

LCMAC202@gene 6 LCMAC202 6

Iridoviridae

Mimi, -Phycodnaviridae

Asfarviridae

Poxviridae
100

99

78

100
94

28

33

86

67

99

71

92

46
98

100

76

84

94

99

100

97

99

0

100

99
94

99

68

62

99

14

95

0.2



AlaS Alanyl-tRNA synthetase

B Pr Rhizobium@WP 085861041

B Pr Rhizobium leguminosarum@WP 046154807

gene 53 LCMAC202 3
gene 9 LCMAC103 4

B un Candidatus Woesebacteria@KKQ99970
Archaea

Bacteria

Bacteria

Bacteria

Bacteria

B PV Chlamydia trachomatis&O84754

B Pr Silvanigrella aquatica@APJ03475

E Op Encephalitozoon cuniculi@AGE95503

N eM Tupanvirus@AUL77703
N eM Tupanvirus@AUL78987

V ds Klosneuvirus KNV1@ARF12105
E He Naegleria gruberi&XP 002675895

E Am Acanthamoeba castellanii&XP 004335848

E Vi Ricinus communis&XP 015582068

E Op Trichoplax adhaerens&XP 002111584

E Op Schizosaccharomyces pombe&O13914

E Op Saccharomyces cerevisiae&P40825

100

99

32

100

99

24

99

58

97

99

100

99

99

88

64

56

83

99

59

96

96

75

93

82

0.2



AsnS Aspartyl/asparaginyl-tRNA synthetase

V ds Prochlorococcus phage P SSM2@ACY76079

V ds Prochlorococcus phage P SSM2@YP 214430

V ds Prochlorococcus phage P SSM7@YP 004324957

A Ea Euryarchaeota archaeon@OUV00900

B Pr Rickettsiales bacterium@OUX27517

B Pr Gammaproteobacteria bacterium@OGT47044

B un Candidatus Nomurabacteria@KKR36872

B un Candidatus Wolfebacteria@PCI21327

B un Candidatus Kaiserbacteria@PCI31083

E Al Pseudocohnilembus persalinus@KRX10111

N Ph Chrysochromulina ericina virus@YP 009173722

V ds Hokovirus HKV1@ARF11079

B un Candidatus Niyogibacteria@PIR69801

gene 156 LCMAC101 1

gene 105 LCMAC202 1

gene 18 LCMAC201 7

gene 13 LCPAC304 5

A un archaeon GW2011 AR5@KHO47413

A DP Candidatus Micrarchaeota@OIO28521

A DP Candidatus Micrarchaeota@PJD01557

E Op Moesziomyces antarcticus&GAC74453

E Op Kazachstania naganishii&CCK71942

E Op Crassostrea gigas&EKC20816

V ds Hokovirus HKV1@ARF10244

A Ea Thermoplasma volcanium&NP 111515

A TA Pyrobaculum aerophilum&NP 560397

A TA Candidatus Bathyarchaeota@PMB74474

B Tt Fervidobacterium pennivorans&YP 005471771

B PV Lentisphaerae bacterium@OGV68067

B Te Thermus thermophilus&YP 004331

B Nt Nitrospinae bacterium@OGW1645496

44

100

98

99

97

27

29

93

25

100

90

94

99

97

81

86

50

99

94

89

100

100

2

97

88

92

95

86

60

88

99

0.2

Collapsed group 1

Collapsed group 2

asparaginyl-tRNA synthetase

asparaginyl-tRNA synthetase

asparaginyl-tRNA synthetase

aspartyl-tRNA synthetase
asparaginyl-tRNA synthetase



AsnS Aspartyl/asparaginyl-tRNA synthetase
Collapsed group 1

V ds Catovirus CTV1@ARF08769
gene 11 LCPAC001 4

E Op Schizosaccharomyces pombe&NP 595079
E Op Saccharomyces cerevisiae&P25345

N eM Megavirus chiliensis@YP 004894794
N eM Bandra megavirus@AUV58691
N eM Acanthamoeba polyphaga mimivirus@AVG46465
N eM Megavirus courdo11@AFX92840

N eM Powai lake megavirus@ANB50837
N eM Moumouvirus goulette@AGF85074
N eM Saudi moumouvirus@AQN68552
N eM Moumouvirus Monve@AEX62498
N eM Acanthamoeba polyphaga moumouvirus@YP 007354613

N eM Tupanvirus@AUL78811
N eM Tupanvirus@AUL77534

V ds Indivirus ILV1@ARF09713
B Te Mycoplasma pulmonis&Q98PF2
B Te Ureaplasma parvum&Q9PQC6

B Te Mycoplasma haemofelis&YP 004191928
gene 9 LCMAC202 12

B Ch Desulfurispirillum indicum&YP 004112399
E Op Strongylocentrotus purpuratus&XP 784585

E He Naegleria gruberi&XP 002676397
E St Phytophthora infestans&XP 002999009

E Am Acanthamoeba castellanii&XP 004336693
E Am Dictyostelium fasciculatum&XP 004355402
B Pr Halobacteriovorax marinus&YP 005035621
B Te Ruminococcus flavefaciens&WP 009984723

B FC Flavobacteriaceae bacterium&YP 003096334
B Te Halobacteroides halobius&YP 007315080
B Te Atopobium vaginae&WP 006304383

B PV Opitutus terrae&YP 001820599
B Pr Desulfococcus oleovorans&YP 001527983

B Te Pseudanabaena sp&YP 007103538
B Pr Escherichia coli&P58694

E St Thalassiosira pseudonana&XP 002289684
B Sp Treponema pallidum&O83618
B Sp Borreliella garinii&WP 004792930

B Sp Spirochaeta africana&YP 005474970
B Ac Holophaga foetida&WP 005035913

E Op Salpingoeca rosetta&XP 004990142
E Am Acanthamoeba castellanii&XP 004356666

E Al Paramecium tetraurelia&XP 001445842
E Vi Selaginella moellendorffii&XP 002978635

E St Albugo laibachii&CCA17790
E St Phaeodactylum tricornutum&XP 002176642
E Al Perkinsus marinus&XP 002781678

gene 362 LCMAC101 1

6

93

87

94

89

91

97

80

89

78

41

82
92
6

84
81

42

9

81
78

43

98

98

0
94

99

0

92

99

29

99

99

97

91

35

99

82
38

97

76

68

81

77

9480

93

0.2

asparaginyl-tRNA synthetase



AsnS Aspartyl/asparaginyl-tRNA synthetase
Collapsed group 2

E Vi Gonium pectorale&KXZ44846

E St Nannochloropsis gaditana&EWM21818

E St Nannochloropsis gaditana&EWM24309

E Al Tetrahymena thermophila&XP 001024675

E Eu Trypanosoma vivax&CCC48342

E Op Lichtheimia corymbifera&CDH50826

E Op Auricularia subglabra&XP 007339748

N eM Tupanvirus@AUL79236
N eM Tupanvirus@AUL77946
V ds Klosneuvirus KNV1@ARF11721
N Ph Orpheovirus IHUMI LCC2@YP 009448888

A TA Sulfolobus solfataricus&NP 341729

A Ea Thermoplasma acidophilum&Q9HJM1

A Ea Methanocaldococcus jannaschii&Q58950

N eM Megavirus courdo11@AFX92839
V ds Klosneuvirus KNV1@ARF11565

A Ea Thermococcus@WP 058947060

A Ea Palaeococcus pacificus@WP 048165845

A TA Thermofilum@PLJ77548

A DP Candidatus Micrarchaeum@EET90465

A DP Candidatus Micrarchaeota@OGI15966

A As Candidatus Heimdallarchaeota@OLS22026

A As Candidatus Thorarchaeota@KXH69955

A TA Thermofilum@OYT31118

A DP Candidatus Nanopusillus@EOD42811

gene 38 LCMAC101 2
A DP Candidatus Diapherotrites@PIN98989

A Ea Euryarchaeota archaeon@OGS44414

B Te Clostridium autoethanogenum@AGY76972

B FC Pontibacter chinhatensis@WP 092101219

95

94

75

96

56

38

95

93

84

82

100

97

94

94

84

76

55

64

57

66

100

16

96

93

100

32

80

99

0.2

aspartyl-tRNA synthetase

asparaginyl-tRNA synthetase

Partial proteins; removed 
for the tree on Figure 3



GlnS Glutamyl- or glutaminyl-tRNA synthetase

E Op Melipona quadrifasciata@KOX76511

E Op Crocodylus porosus@XP 019405035

N eM Tupanvirus@AUL77989

V ds Klosneuvirus KNV1@ARF11426

V ds Hokovirus HKV1@ARF10541

V ds Klosneuvirus KNV1@ARF12130

V ds Escherichia phage D6@ASR76354

V ds Catovirus CTV1@ARF08778

N eM Tupanvirus@AUL77585

B Pr Deltaproteobacteria bacterium@OGQ07831

B un Candidatus Firestonebacteria@OGF46401

gene 13 LCMAC201 11

B un candidate division@KRT68539

Bacteria

B Ni Leptospirillum ferriphilum@WP 036081185

B un Candidatus Atribacteria@OQY39731

B un candidate division@OGC06326

B Te Firmicutes bacterium@OUN01470

B Te Peptococcaceae bacterium@KLU40720

B Te Caldanaerobacter subterraneus@SYE1 CALS4

Bacteria

B PV Rhodopirellula baltica@NP 867913

B FC Bacteroides thetaiotaomicron@NP 811660

B FC Chlorobaculum tepidum@SYE CHLTE

B Te Clostridium acetobutylicum@SYE CLOAB

B Sp Borrelia burgdorferi@SYE BORBU

E Op Schizosaccharomyces pombe@NP 593525

E Op Saccharomyces cerevisiae@SYEM YEAST

E Op Caenorhabditis elegans@AAK39275

E Op Homo sapiens@AAH40013

E Op Drosophila melanogaster@NP 648894

Bacteria

98

26

13

85

8

97

98

96

96

98

95

97

85

92

60

97

71

100

53

53

98

99

93

12

100

72

82

62

41
93

44

91

0.2



GRS1 Glycyl-tRNA synthetase (class II)

Eukaryotes

V ds Catovirus CTV1@ARF08785

V ds Klosneuvirus KNV1@ARF11502

gene 17 LCPAC101 2

N eM Tupanvirus@AUL78699

N eM Tupanvirus@AUL80083

A Ea Methanococcus aeolicus@WP 011974002

A Ea Methanosphaera cuniculi@WP 095609001

A Ea Methanothermobacter thermautotrophicus@O27874

A Ea Methanothermus fervidus@WP 013413313

A Ea Archaeoglobus fulgidus@O29346

A Ea Methanosarcina acetivorans@NP 615071

A Ea Methanopyrus kandleri@Q8TYY9

A Ea Halobacterium salinarum@NP 280974

A Ea Thermoplasma acidophilum@NP 393684

A Ea Ferroplasma acidarmanus@ZP 00000982

A Ea Pyrococcus abyssi@Q9V176

A TA Pyrobaculum aerophilum@NP 559891

A TA Aeropyrum pernix@Q9YBF8

N Ph Orpheovirus IHUMI LCC2@YP 009448415

Bacteria

100

47

98

100

87

100

96

17

100

99

69

92

58

84

94

95

23

85

99

99

0.2

Also Orpheovirus YP_009448415  



HisS Histidyl-tRNA synthetase

A Ea uncultured Candidatus Thalassoarchaea euryarchaeote@ANV79252

A Ea uncultured marine group II III@AIF00833

A Ea Euryarchaeota archaeon@OUU98632

E Cr Guillardia theta@XP 005842540

E Vi Chlorella sorokiniana@PRW20175

E Am Acanthamoeba castellanii@XP 004340698

E Eu Bodo saltans@CUG90510

E Ha Emiliania huxleyi@XP 005772361

E Vi Bathycoccus prasinos@XP 007509495

E He Naegleria gruberi@XP 002671353

gene 13 LCMiAC01 9
N Ph Orpheovirus IHUMI LCC2@YP 009449000

V ds Klosneuvirus KNV1@ARF12516
V ds Catovirus CTV1@ARF08210

V ds Hokovirus HKV1@ARF10394
E Al Stentor coeruleus@OMJ88109

E Al Stylonychia lemnae@CDW89297

E Vi Volvox carteri@XP 002954339

E Op Tursiops truncatus@XP 004322035

E Op Fonticula alba@XP 009492735

N eM Tupanvirus@AUL77991
N eM Tupanvirus@AUL79283

B Pr Caulobacter crescentus@Q9A2P3

A TA Aeropyrum pernix@Q9YEB2

B Te Chloroflexus aurantiacus@ZP 00018988

B Te Nostoc@Q8YMC2

B Te Clostridium tetani@Q892X7

B Sp Treponema pallidum@O83647

B Pr Helicobacter pylori@Q9ZK27

Bacteria

89

98

87

97

87

85

25

98

99

86

89

99

76

100

100

59

88

41

95

100

90

94

99

35

76

29

97

100

0.2

no conserved NCVOGs on the contig; two proteins similar to mimiviruses



IleS Isoleucyl-tRNA synthetase

V ds Indivirus ILV1@ARF09657

V ds Klosneuvirus KNV1@ARF11698

N Ph Orpheovirus IHUMI LCC2@YP 009448535

gene 41 LCMiAC01 2

V ds Hokovirus HKV1@ARF10966

V ds Catovirus CTV1@ARF09196

N eM Bodo saltans virus@ATZ80901

N eM Cafeteria roenbergensis virus BV PW1@YP 003970138

N eM Tupanvirus@AUL78325

N eM Moumouvirus Monve@AEX62963

N eM Acanthamoeba polyphaga moumouvirus@YP 007354261

N eM Powai lake megavirus@ANB50476

N eM Megavirus courdo11@AFX92398

N eM Acanthamoeba polyphaga mimivirus@AVG46089

E Op Pisolithus tinctorius@KIO09846

E Op Nothobranchius furzeri@XP 015814584

E Vi Chlorella sorokiniana@PRW58449

E Ha Chrysochromulina@KOO35285

B Te Mycobacterium tuberculosis@Q10765

B Pr Rickettsia prowazekii@Q9ZCU4

B Sp Treponema pallidum@O83466

B Sp Borrelia burgdorferi@O51773

A TA Aeropyrum pernix@Q9YF67

A Ea Pyrococcus horikoshii@O58792

A Ea Methanocaldococcus jannaschii@Q58357

A Ea Archaeoglobus fulgidus@O29622

A Ea Halobacterium salinarum@NP 280844

B Aq Aquifex aeolicus@O66651

B Pr Mesorhizobium loti@NP 108385

B Pr Escherichia coli@P00956

B Te Mycoplasma genitalium@P47587

E Vi Arabidopsis thaliana@BAB10327

B Te Synechocystis@P73505

E Op Homo sapiens@BAA95147

E Op Saccharomyces cerevisiae@P48526

E Op Schizosaccharomyces pombe@NP 587938

51

89

100

100

99
94

89

94

48

44

100

12
90

98

100

100

100

99

69

97

91
100

100

98

100

40
100

81

0
63

99

92

99

0.2



MetS Methionyl-tRNA synthetase

N eM Bandra megavirus@AUV58720
N eM Courdo11 virus@ADX97537
N eM Terra1 virus@ADX97538
N eM Megavirus chiliensis@YP 004894822
N eM Megavirus lba@AGD92718
N eM Powai lake megavirus@ANB50863
N eM Moumouvirus Monve@AEX62460
N eM Moumouvirus goulette@AGF85047

N eM Acanthamoeba polyphaga mimivirus@AKI80376
N eM Acanthamoeba castellanii mamavirus@AEQ60843

N eM Tupanvirus@AUL77478
N eM Tupanvirus@AUL78755
V ds Indivirus ILV1@ARF09753

Eukaryotes

E He Naegleria gruberi&XP 002683222

gene 3 LCMAC201 17
E Op Intoshia linei&OAF66437

E Op Pogona vitticeps@XP 020634197

E Op Ditylenchus destructor&AFY06992

E Op Toxocara canis&KHN77202

Eukaryotes

E Op Rhodotorula sp&KWU44481

E Op Podospora anserina&XP 001912605

Bacteria

Archaea

B PV Chlamydophila pneumoniae&NP 224330

A Ea Thermoplasma acidophilum&NP 394618

B Te Clostridiales&WP 009250151

A Ea Candidatus Methanomassiliicoccus&YP 008071503

Bacteria

Archaea

A TA Nitrosopumilus maritimus&YP 001582297

Bacteria

Bacteria

V ds Catovirus CTV1@ARF08189
gene 36 LCPAC001 1

V ds Klosneuvirus KNV1@ARF11252
V ds Hokovirus HKV1@ARF10293
E Al Plasmodium gaboni&KYN99729

E Al Gregarina niphandrodes@XP 011128569

Eukaryotes

99
69

84

19

99

100

79

89

100

99

99

98

97

100

99

82

85

75

41

98

100

99
87

90

98

67
10

88

81

31

98

99

98

100

68

100
94

18

94

41

98

100

90

8

69

0.2



ProS Prolyl-tRNA synthetase 

LC_NCLDV_2018/new_trans_trees/ProS.tre

E St Phytophthora infestans&XP 002902407

E Vi Helianthus annuus@XP 022012060

E Op Neofusicoccum parvum&XP 007581198

E Op Mucor ambiguus&GAN02610

E Rh Plasmodiophora brassicae&CEO98304

E Rp Cyanidioschyzon merolae&XP 005538710

E Rp Chondrus crispus&XP 005714057

E Vi Hordeum vulgare&BAJ99598

E Am Polysphondylium pallidum&EFA76021

E Ap Thecamonas trahens@XP 013757485

E Am Entamoeba invadens&XP 004182793

E Cr Guillardia theta&XP 005820374

E Al Cryptosporidium hominis&CUV06866

E Al Plasmodium malariae&SCP03428

E Al Oxytricha trifallax&EJY85356

E Al Paramecium tetraurelia&XP 001457970

E Al Ichthyophthirius multifiliis&XP 004039286

E Al Pseudocohnilembus persalinus&KRX03296

E Op Trichinella sp&KRX55602

E Op Crassostrea gigas&XP 011442744

E Eu Perkinsela sp&ANB27658

E Op Nosema ceranae&KKO75550

E Op Encephalitozoon cuniculi&NP 584661

N eM Tupanvirus@AUL79141

N eM Tupanvirus@AUL77848

gene 8 9 LCMAC202 16

V ds Catovirus CTV1@ARF08841

V ds Hokovirus HKV1@ARF10161

V ds Klosneuvirus KNV1@ARF11736

Archaea, Bacteria

97

53

97

86

98

25

82

50

12

99

86

94

91

88

86

48

98

35

100

93

92

90

100

29

67

89

100

76

0.2



ThrS Threonyl-tRNA synthetase

E Op Tortispora caseinolytica&ODV88411

E Op Coprinopsis cinerea@XP 001841372

E Op Phaeomoniella chlamydospora&KKY15649

E Op Rhizophagus irregularis@PKY38726

E Op Lucilia cuprina&KNC33516

E St Plasmopara halstedii&CEG43879

E Vi Setaria italica@XP 004968434

E Vi Glycine soja&KHN12091

E Vi Momordica charantia@XP 022152398

E Op Encephalitozoon cuniculi&NP 586084

N eM Tupanvirus@AUL80004

N eM Tupanvirus@AUL78619

E Am Dictyostelium fasciculatum&XP 004362264

E Am Acytostelium subglobosum&XP 012750884

gene 38 LCMAC202 4

gene 23 LCMiAC01 5

V ds Catovirus CTV1@ARF09026

V ds Klosneuvirus KNV1@ARF12392

V ds Hokovirus HKV1@ARF10514

V ds Catovirus CTV1@ARF09025

E Op Saccharomyces cerevisiae&P07236

V un Agrobacterium phage Atu ph07@AUZ95444

Archaea, Bacteria

27

66

62

57

97

81

100

80

100

98

99

100

38

94

99

81

77

92

27

100

88

0.2



TrpS Tryptophanyl-tRNA synthetase

N eM Megavirus lba@AGD92799
N eM Powai lake megavirus@ANB50928
N eM Bandra megavirus@AUV58787
N eM Megavirus chiliensis@YP 004894895

N eM Tupanvirus@AUL77635
N eM Tupanvirus@AUL78915

V ds Hokovirus HKV1@ARF10572
V ds Catovirus CTV1@ARF08275

V ds Hokovirus HKV1@ARF10571
V ds Klosneuvirus KNV1@ARF11703

E Op Monosiga brevicollis&XP 001746161

E Al Plasmodium cynomolgi&XP 004223639

E Al Oxytricha trifallax&EJY83191

E Am Entamoeba dispar&XP 001733296

E Al Vitrella brassicaformis&CEM21761

E Op Scleropages formosus@XP 018619775

E St Blastocystis sp&OAO12581

E Eu Leishmania major&XP 003722080

E Vi Selaginella moellendorffii&XP 002990135

E Eu Leishmania infantum&XP 001465711

N Ph Pandoravirus salinus@YP 008438242
E Cr Guillardia theta&EKX47021

gene 120 LCPAC304 1
E Op Cercospora fijiensis&EME80392

E Op Encephalitozoon cuniculi&NP 586359

E Pa Trichomonas vaginalis&XP 001304275

E Fo Giardia lamblia&XP 001708646
Archaea

Bacteria

Archaea

78

55

66

92

94

89

100

92

19

99

99

99

57

26

91

92

33

91

41

77

83

100

99

100

71

97

14

85

0.2



TyrS Tyrosyl-tRNA synthetase

N eM Megavirus chiliensis@YP 004894958

N eM Bandra megavirus@AUV58843

N eM Courdo11 virus@ADX97539

N eM Terra1 virus@ADX97540

N eM Megavirus courdo7@AEX61965

N eM Acanthamoeba polyphaga mimivirus@AVG46630

N eM Megavirus lba@AGD92873

N eM Acanthamoeba polyphaga moumouvirus@YP 007354756

N eM Moumouvirus goulette@AGF84930

N eM Acanthamoeba polyphaga mimivirus@AKI79858

N eM Acanthamoeba castellanii mamavirus@AEQ60303

N eM Acanthamoeba polyphaga lentillevirus@EJN41194

E Am Entamoeba nuttalli P19@XP 008860453@1

E Am Entamoeba dispar SAW760@XP 001738643@1

E Pa Trichomonas vaginalis G3@XP 001311138@1

E Rh Plasmodiophora brassicae@CEO98794@1

E Ap Thecamonas trahens ATCC 50062@XP 013753272@1

E Am Dictyostelium purpureum@XP 003294514@1

V ds Catovirus CTV1@ARF08157

A TA Sulfolobus solfataricus@P95982

A Ea Methanothermobacter thermautotrophicus@WP 010877369

gene 6 LCMAC201 4

gene 6 LCMAC202 11

V ds Klosneuvirus KNV1@ARF11256

V ds Hokovirus HKV1@ARF10785

N eM Tupanvirus@AUL78704

N eM Tupanvirus@AUL80088

E Op Encephalitozoon cuniculi@NP 597455

E Op Plutella xylostella@XP 011566166

E Op Trichomalopsis sarcophagae@OXU23721

gene 43 LCMiAC01 1

N Ph Orpheovirus IHUMI LCC2@YP 009449020

E Am Acanthamoeba castellanii str Neff@XP 004352920@1

N Ph Pandoravirus dulcis@YP 008319986

N Ph Pandoravirus salinus@YP 008438883

E Op Saccharomyces cerevisiae@NP 015228

E Op Schizosaccharomyces pombe@NP 588433

B PV Chlamydia trachomatis@WP 009873530

V ds Yersinia phage fHe Yen9 03@SOK58930

Bacteria

100

100

82

96

10

94

94

88

99

18

71

96

75

0

99

100

98

100

49

98

79

82

91

100

92

100

83

100

79

100

13

100

97

99

90

0.5



Pth2 Peptidyl-tRNA hydrolase

V ds Enterococcus phage EF1@ASZ76724
B Te Paenibacillus polymyxa&WP 013386412

B un Candidatus Falkowbacteria&OGF26139
B Te Bacillus&WP 040058779
V ds Bacillus virus G@YP 009015628

Bacteria

V ds Klosneuvirus KNV1@ARF12431
gene 185 LCMAC101 2

gene 174 LCPAC304 1
V ds Klosneuvirus KNV1@ARF11981
V ds Hokovirus HKV1@ARF10334
E Op Hydra vulgaris&XP 002160807

V ds Klosneuvirus KNV1@ARF11530
V ds Hokovirus HKV1@ARF10150

E Op Encephalitozoon hellem@XP 003887094
E Op Hepatospora eriocheir@ORD97993

E Op Edhazardia aedis@EJW04631
E Op Trachipleistophora hominis@ELQ76905

B Te Clostridiales&WP 009900664
V ds Clostridium phage phiCD211@YP 009221701

V ds EBPR siphovirus 2@AEI71025
V ds Cronobacter phage vB CsaM&YP 006987489

V ds Pectobacterium phage CBB@AMM43955
V ds Enterobacteria phage vB KleM RaK2&YP 007007343

V ds Caulobacter virus Rogue@YP 006989191
V ds Caulobacter virus phiCbK@YP 006988061
V ds Caulobacter virus phiCbK@AFO71672
V ds Caulobacter phage Ccr5@ARB14379
V ds Caulobacter virus Magneto@YP 006988845
V ds Caulobacter virus Karma@YP 006989547

N Po Fowlpox virus&NP 038992
N Po Penguinpox virus&YP 009046033

N Po Canarypox virus&NP 955070
E Op Amyelois transitella&XP 013188335

Eukaryotes

A un Candidatus Bathyarchaeota@OGD55450
A Ea Methanococcus maripaludis@WP 012193083

B Te Faecalibacterium prausnitzii&WP 005921358
B Te Candidatus Izimaplasma&KFZ25982

V ds Salicola phage SCTP 2@ASV44341
V ds Sinorhizobium phage phiM12&YP 009143202
V ds Sinorhizobium phage phiM12@YP 009143202
V un Agrobacterium phage Atu ph07@ASV44756

V ds Mycobacterium phage Baka&AEK08127
V ds Mycobacterium phage Phabba@ASZ74616

V un Xanthomonas phage XacN1@BBA65443

Eukaryotes

79

19
13

82

84

99

72

92
83

79

61
74

68

31

0

98
99

0

0
22

95

100

37

80

91
100

58

80

91

0
94

27

100
84

92

80

86

95

51

87

88

64

58 94

62

75

75

0.5



eIF1 Translation initiation factor 1 (eIF-1/SUI1) 

N Po Faustovirus@SMH63469

N Po Faustovirus ST1@SME65139

N Ph Orpheovirus IHUMI LCC2@YP 009448830

E St Aureococcus anophagefferens@XP 009032961

u me marine metagenome@EDI08967

E He Naegleria gruberi@XP 002671504

E Am Entamoeba invadens IP1@XP 004185710

N eM Tupanvirus@AUL78233

N eM Acanthamoeba polyphaga mimivirus@YP 003986971

N eM Acanthamoeba polyphaga moumouvirus@YP 007354321

N eM Megavirus chiliensis@YP 004894473

E Op Coemansia reversa@PIA14745

E Op Thelohanellus kitauei@KII63199

gene 111 LCMAC202 1

E He Naegleria gruberi@XP 002680076

E Am Acanthamoeba castellanii str Neff@XP 004334397

E Cr Guillardia theta CCMP2712@XP 005834881

E Vi Chlorella variabilis@XP 005847583

E Ha Emiliania huxleyi CCMP1516@EOD34817
Eukaryotes

E Eu Trypanosoma cruzi strain CL@XP 815469

E Cr Guillardia theta@XP 001713444

V ds Klosneuvirus KNV1@ARF11500

V ds Indivirus ILV1@ARF09556
N Ph Cafeteria roenbergensis virus BV PW1@YP 003969695

N Ma Tokyovirus A1@YP 009254874

N Ma Tunisvirus fontaine2@AHC55058

Archaea, Bacteria

50

83

99

91

79

81

78

79

69

85

80

66

78

90

68

80

99

93

88

63

77

78

21

87

75

80

82

0.2



eIF2a Translation initiation factor 2, alpha subunit (eIF-2alpha)

Eukaryotes

E Op Coemansia reversa PIA13091

E Rh Reticulomyxa filosa ETO29455

gene 13 LCMAC103 5

N eM Tupanvirus AUL80040

N eM Tupanvirus AUL78656

gene 10 LCMAC201 3

gene 25 LCMAC202 6

V ds Klosneuvirus KNV1 ARF11761

V ds Indivirus ILV1 ARF09809

V ds Hokovirus HKV1 ARF10824

N eM Bodo saltans virus ATZ80727

V ds Catovirus CTV1 ARF09242

N eM Cafeteria roenbergensis virus BV PW1 YP 003969794

N Ir Silurus glanis ranavirus AAD38355

N Ir Common midwife toad ranavirus AFA44987

N Ir Ambystoma tigrinum virus YP 003830

Archaea

100

100

99

90
100

97
83

94

9

94

54

75

71

87

58

46

75

0.2



eIF2b Translation initiation factor 2, beta subunit 
(eIF-2beta)/eIF-5 N-terminal domain

N eM Tupanvirus@AUL79377
N eM Tupanvirus@AUL78077

V ds Catovirus CTV1@ARF09152
N eM Bodo saltans virus@ATZ80859
V ds Indivirus ILV1@ARF09704

V ds Klosneuvirus KNV1@ARF11579
V ds Hokovirus HKV1@ARF11108

E Eu Leishmania infantum JPCM5@XP 001463395@1
N eM Cafeteria roenbergensis virus BV PW1@YP 003969685

E Pa Trichomonas vaginalis G3@XP 001582342@1
E Am Entamoeba histolytica HM 1

E Fo Giardia lamblia ATCC 50803@XP 001704237@1
E Cr Guillardia theta CCMP2712@EKX37716@1

gene 2 LCMAC103 1
gene 40 LCPAC404 2

gene 11 LCMAC201 12
gene 32 LCMAC202 2

Eukaryotes

Archaea

E Fo Giardia lamblia ATCC 50803@XP 001709689@1
gene 7 LCMAC202 9

gene 13 LCMAC201 16
V ds Catovirus CTV1@ARF08902
V ds Klosneuvirus KNV1@ARF11411

N Ph Orpheovirus IHUMI LCC2@YP 009449143
N eM Tupanvirus@AUL77815
N eM Tupanvirus@AUL79101
V ds Abalone herpesvirus Victoria AUS 2009@YP 006908653

E Op Nematocida parisii ERTm3@EIJ89250@1
N Ma Port miou virus@ALH06981

V un Insectomime virus@AHA45997
N Ma Noumeavirus@YP 009345297
N Ma Brazilian marseillevirus@YP 009238866

N Ph Lausannevirus@YP 004347279@1
N Ma Tokyovirus A1@YP 009255092
N Ma Melbournevirus@YP 009094774
N Ma Cannes 8 virus@AGV01667
N Ma Marseillevirus marseillevirus@YP 003407038

gene 148 LCPAC304 1
E Am Acanthamoeba castellanii str Neff@XP 004340697@1

E Am Acanthamoeba castellanii str Neff@XP 004339729@1
N eM Cafeteria roenbergensis virus BV PW1@YP 003969636

N eM Cafeteria roenbergensis virus BV PW1@YP 003969697
E Eu Angomonas deanei@EPY31276@1

N eM Bodo saltans virus@ATZ80844
V ds Hokovirus HKV1@ARF10246

E Op Trachipleistophora hominis@ELQ74465@1
E Op Nosema ceranae BRL01@XP 002996205@1

E Op Spraguea lophii 42 110@EPR80009@1

Eukaryotes

87
66

100
41

63

73

41

74

81

100

90

93

88

86

88

82

74

80

44

75

63

100

66

88
91

89

75
80

44

99

82

48

98

88

34

45

60

7

87

99
94

100

93

69

66

42

99

95

79

0.5



eIF2g Translation initiation factor 2, gamma subunit 
(eIF-2gamma; GTPase)

E Vi Chlamydomonas reinhardtii@XP 001700034

E Vi Volvox carteri@XP 002950696

E Ja Stygiella incarcerata@ANM86126@1

E Op Ancylostoma ceylanicum@EPB73238

E Op Trichoplax adhaerens@XP 002112890@1

E Al Stylonychia lemnae@CDW81762

E Am Entamoeba histolytica@XP 649842

E Op Nematocida sp ERTm5@OAG30615@1

E Op Vittaforma corneae ATCC 50505@XP 007604682@1

E Op Spraguea lophii 42 110@EPR79488@1

E Op Encephalitozoon cuniculi@AGE96030@1

gene 31 LCMAC103 5

gene 11 LCMAC201 12

gene 32 LCMAC202 2

A TA Pyrobaculum ferrireducens@AET32364@1

A TA Sulfolobus islandicus@WP 048052024@1

A Ea Pyrococcus furiosus@WP 011012863@1

A Ea Ferroplasma acidarmanus@WP 009887143@1

A Ea Methanococcus vannielii@WP 011972333@1

A Ea Archaeoglobus profundus@WP 012939733

A TA Cenarchaeum symbiosum A@ABK78543@1

A Ea Methanosarcina@AKB22676

A Ea Haloferax mucosum@WP 008320750@1

N eM Tupanvirus@AUL78783

N eM Tupanvirus@AUL77507

N eM Cafeteria roenbergensis virus BV PW1@YP 003970112

V ds Hokovirus HKV1@ARF10849

N eM Bodo saltans virus@ATZ80956

V ds Catovirus CTV1@ARF09296

V ds Indivirus ILV1@ARF09757

V ds Klosneuvirus KNV1@ARF12618

93

94

77

89

94

100

100

95

82

65

96

96

91

100

90

94

95

97

68

99

96

84

74

51

77
26

99

44

0.2



eIF4e Translation initiation factor 4E (eIF-4E)
N Ph Chrysochromulina ericina virus@YP 009173322

B Pr Alphaproteobacteria bacterium@OUU62280
B Pr Candidatus Endolissoclinum@OUU26049

N eM Organic Lake phycodnavirus 1@ADX06074
N eM Organic Lake phycodnavirus 2@ADX06402

N eM Phaeocystis globosa virus@YP 008052407
V un Tetraselmis virus 1@AUF82209

E Vi Chlamydomonas eustigma@GAX84512
E Vi Tetrabaena socialis@PNH00915

N eM Cafeteria roenbergensis virus BV PW1@YP 003969852
N eM Bodo saltans virus@ATZ80516

E Op Hydra vulgaris@XP 004205637
V ds Catovirus CTV1@ARF09024

gene 12 LCMiAC02 12
V ds Hokovirus HKV1@ARF10999

gene 6 LCMiAC01 18
V ds Indivirus ILV1@ARF09452

V ds Klosneuvirus KNV1@ARF11337
N eM Acanthamoeba polyphaga mimivirus@AKI80229
N eM Acanthamoeba castellanii mamavirus@AEQ60688
N eM Tupanvirus@AUL79602
N eM Tupanvirus@AUL78296

N eM Saudi moumouvirus@AQN68208
N eM Acanthamoeba polyphaga moumouvirus@YP 007354285
N eM Moumouvirus Monve@AEX62927
N eM Moumouvirus goulette@AGF85439

N eM Powai lake megavirus@ANB50499
N eM Megavirus lba@AGD92289
N eM Megavirus chiliensis@YP 004894432
N eM Acanthamoeba polyphaga mimivirus@AVG46112

E Al Paramecium tetraurelia@XP 001455593
E Op Echinococcus granulosus@EUB57997

Eukaryotes

Eukaryotes

E Op Rozella allomycis@EPZ35641
gene 18 LCMiAC02 3

N Po Anomala cuprea entomopoxvirus@YP 009001589
Eukaryotes

E St Plasmopara halstedii@CEG48555
gene 20 LCMAC103 3

E Cr Hemiselmis andersenii@XP 001712444
Eukaryotes

E Op Tropilaelaps mercedesae@OQR73226
N eM Tupanvirus@AUL77794
N eM Tupanvirus@AUL79080

N Ph Pandoravirus dulcis@YP 008319043
N Ph Pandoravirus salinus@YP 008436977

V un Mollivirus sibericum@YP 009165329
N Ph Pandoravirus inopinatum@YP 009120169

N Ph Pandoravirus dulcis@YP 008319240

92

99

97

100
86

94

84

70

85

92

95

89

74

65

98

99

55

100

20
99

91
85

99

41

94

90

97
87

19
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92
92

88
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41

95
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94

75

77
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eIF5B / IF2 Translation initiation factor IF-2 
Initiation Factor 2 (IF2) eukaryotic Initiation Factor 5B (eIF5B) family; IF2/eIF5B

E Al Perkinsus marinus@XP 002787635

E Op Verruconis gallopava@XP 016218762@1

E Op Schizosaccharomyces pombe 972h@NP 593218@1

E Vi Hordeum vulgare@BAK05787

E Vi Oryza sativa@AAT44302

E Vi Nicotiana tabacum@XP 016472769

E Vi Auxenochlorella protothecoides@JAT76285@1

E St Saprolegnia diclina@XP 008617018

E St Phytophthora sojae@XP 009513791@1

E Op Homo sapiens@EAX01865@1

E Op Branchiostoma floridae@XP 002609142@1

E Op Stegodyphus mimosarum@KFM78349@1

E Op Sarcoptes scabiei@KPM03109@1

E Al Cyclospora cayetanensis@OEH78216@1

E Al Cryptosporidium ubiquitum@OII73111

E Al Plasmodium yoelii 17X@ETB63317@1

E Al Babesia bigemina@XP 012766160@1

E Op Nosema bombycis@ABO69715@1

gene 46 LCMAC103 1
N eM Cafeteria roenbergensis virus BV PW1@YP 003969745

V ds Indivirus ILV1@ARF09929

N eM Bodo saltans virus@ATZ80239

Archaea

97

93

90

96

50

98

86

60

100

58

11

76

56

96

80

83 98

93

79
99

43

0.2



eRF1 Peptide chain release factor 1 (eRF1)

Marseilleviridae

gene 20 LCMAC103 6

E Cr Guillardia theta@XP 001713608@1

E Am Entamoeba invadens IP1@XP 004256936@1

E Vi Ostreococcus tauri@XP 003079338@1

E Al Cryptosporidium muris RN66@XP 002142352@1

E Op Rhizopus microsporus@CEG80510@1

E Op Aspergillus nomius NRRL 13137@XP 015406009@1

E Al Paramecium tetraurelia strain d4 2@XP 0014252

E Al Tetrahymena thermophila SB210@XP 001018735@1

E Al Pseudocohnilembus persalinus@KRX05899@1

E Pa Trichomonas vaginalis G3@XP 001317480@1

E Eu Trypanosoma congolense IL3000@CCD14880@1

E Fo Spironucleus salmonicida@EST45466@1

E Fo Giardia intestinalis ATCC 50581@EES98709@1

E Vi Selaginella moellendorffii@XP 002968245@1

E Am Acanthamoeba castellanii str Neff@XP 00433541

E He Naegleria gruberi strain NEG M@XP 002681657@1

E Al Tetrahymena thermophila@XP 001018211@3

Archaea, with Archaeal_BJ1_virus@CAM32974

gene 49 50 LCMAC202 3

N Ph Orpheovirus IHUMI LCC2@YP 009448690

V un Pacmanvirus A23@YP 009361487

N eM Bodo saltans virus@ATZ80563

V ds Hokovirus HKV1@ARF10994

gene 19 LCMiAC02 7

V ds Klosneuvirus KNV1@ARF11430

V ds Catovirus CTV1@ARF08895

V ds Catovirus CTV1@ARF08894

V ds Hokovirus HKV1@ARF10995

Mimiviridae

97
83

18

91
100

64

100
5

81

97
83
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54

75

89

89

92

78

89

16
48
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RLI1   Translation initiation factor RLI1 
in Archaea: ribosome biogenesis/translation initiation ATPase RLI 

Eukaryota

gene 5 LCPAC302 27
E Op Encephalitozoon cuniculi@NP 586464

gene 11 LCPAC304 10
V ds Klosneuvirus KNV1@ARF11417

V ds Catovirus CTV1@ARF09097 96
A TA Sulfolobus solfataricus@NP 341836

A TA Aeropyrum pernix@NP 147723

A TA Pyrobaculum aerophilum@NP 559949

A Ea Thermoplasma acidophilum@NP 394943

A Ea Thermoplasma volcanium@NP 112017

A Ea Methanothermobacter thermautotrophicus@NP 276806

A Ea Methanocaldococcus jannaschii@Y719 METJA

A Ea Pyrococcus abyssi@NP 126925

A Ea Pyrococcus horikoshii@NP 142789

A Ea Methanopyrus kandleri@NP 613378

A Ea Archaeoglobus fulgidus@NP 068845

A Ea Methanosarcina acetivorans@NP 618095

A Ea Haloarcula marismortui@AAV46954

A Ea Halobacterium salinarum@NP 281170

61

100

95

100

57

100

43

95

100

50

90

77

100

92

91

96

72

91

0.1



eIF1a   Translation initiation factor 1A / IF-1 (eIF-1A for eukaryotes) 

V ds Catovirus CTV1@ARF09162

V ds Hokovirus HKV1@ARF10938

V ds Indivirus ILV1@ARF09693

V ds Klosneuvirus KNV1@ARF11620

gene 3 LCMiAC01 10

E Op Enterocytozoon bieneusi H348@XP 002649777

N eM Organic Lake phycodnavirus@ADX06597

E Eu Trypanosoma brucei brucei TREU927@XP 847418

E Eu Bodo saltans@CUG91571

V un Tetraselmis virus 1@AUF82151

E Al Tetrahymena thermophila@Q22Y66

E Al Perkinsus marinus@XP 002764690

E Al Paramecium tetraurelia@A0DN77

N eM Tupanvirus deep ocean@AUL78768

N eM Tupanvirus soda lake@AUL77490

E Op Rozella allomycis CSF55@EPZ33930

Eukaryotes

Archaea

86

51

6

78

98

75

68

97 100

87

55

25

94

100

89

35

87

0.2



LCV contigs containing a translation protein and a ‘bona fide’ 
NCLDV protein, as defined by PIM clusters

LCMAC101_1 pim0002,pim0003,pim0004,pim0007,pim0008,pim0011,pim0014,pim0022,
pim0027,pim0030,pim0031,pim0053,pim0054,pim0136,pim0142,pim0144

LCMAC101_2 pim0001,pim0005,pim0013
LCMAC103_1 pim0011,pim0027,pim0054
LCMAC103_3 pim0005,pim0142
LCMAC103_4 pim0002,pim0003,pim0030
LCPAC404_2 pim0004,pim0005,pim0011,pim0013
LCMAC201_11 pim0004,pim0014
LCMAC202_1 pim0004,pim0014,pim0022,pim0027,pim0144
LCMAC202_10 pim0002,pim0031
LCMAC202_18 pim0001,pim0013
LCMAC202_3 pim0004,pim0014,pim0054
LCMAC202_4 pim0007,pim0053,pim0136
LCMAC202_6 pim0003,pim0008,pim0011,pim0030
LCPAC001_1 pim0001,pim0016,pim0030,pim0136
LCPAC001_11 pim0004,pim0019
LCPAC101_2 pim0027,pim0030,pim0035
LCMAC103_5 pim0004
LCMAC201_16 pim0054
LCMAC201_3 pim0003
LCMAC201_4 pim0027
LCPAC101_20 pim0004
LCPAC101_21 pim0142
LCPAC304_1 pim0116
LCPAC304_11 pim0011
LCPAC304_5 pim0054
LCPAC202_1 pim0192
LCPAC201_6 pim0192
LCPAC101_1 pim0192
LCPAC302_27 pim0192
LCPAC104_3 pim0192
LCPAC103_11 pim0192
LCPAC304_5 pim0134
LCPAC201_3 pim0134
LCPAC202_4 pim0134
LCPAC403_2 pim0134
LCPAC001_4 pim0134
LCPAC103_11 pim0134
LCPAC101_2 pim0134
LCPAC401_3 pim0134
LCPAC406_1 pim0134
LCPAC001_4 pim0042
LCDPAC01_7 pim0042

LCPAC103_3 pim0042
LCMAC202_1 pim0042
LCPAC202_5 pim0042
LCPAC302_16 pim0042
LCPAC102_1 pim0042
LCPAC201_4 pim0042
LCMAC101_1 pim0042
CPAC101_5 pim0042
LCMAC102_1 pim0042
LCMAC201_17 pim0042
LCPAC104_2 pim0042
LCPAC304_2 pim0042
LCMAC202_10 pim0071
LCPAC202_1 pim0071
LCMAC101_1 pim0071
LCPAC201_1 pim0071
LCIVAC01_6 pim0071
LCDPAC02_1 pim0071
LCDPAC01_10 pim0071
LCMAC201_7 pim0071
LCPAC103_7 pim0071
LCMAC201_10 pim0224
LCMAC102_1 pim0224
LCPAC304_5 pim0224

LCMAC202_12 pim0224
LCMAC101_1 pim0224
LCMAC103_6 pim0224
LCDPAC01_16 pim0224
LCPAC401_2 pim0015
LCPAC403_1 pim0015
LCPAC104_1 pim0015
LCMAC101_5 pim0015
LCDPAC02_3 pim0015
LCPAC202_1 pim0015
LCPAC201_6 pim0015
LCPAC304_7 pim0015
LCPAC103_1 pim0015
LCMAC201_4 pim0015
LCIVAC01_1 pim0015
LCPAC101_2 pim0015
LCMAC102_1 pim0015
LCPAC406_7 pim0015
LCPAC404_1 pim0015
LCMAC103_8 pim0015
LCMAC202_11 pim0015
LCPAC001_6 pim0015
LCPAC302_19 pim0015
LCDPAC01_8 pim0015



pim0001 NCLDV major capsid protein
pim0002 DNA polymerase elongation subunit family B
pim0003 packaging ATPase
pim0004 DNA-directed RNA polymerase subunit alpha
pim0005 DNA-directed RNA polymerase subunit beta
pim0007 DNA-directed RNA polymerase subunit 5
pim0008 A18-like helicase
pim0011 Flap endonuclease
pim0013 Poxvirus Late Transcription Factor VLTF3
pim0014 Erv1/Alr family disulfide (thiol) oxidoreductase
pim0015 DNA topoisomerase II
pim0016 YqaJ viral recombinase
pim0019 DNA primase 
pim0022 D5-like helicase-primase
pim0027 mRNA capping enzyme
pim0030 T4 phage RNA ligase with polynucleotide kinase domain 
pim0031 RuvC, Holliday junction resolvases (HJRs)
pim0035 FtsJ-like methyltransferase
pim0042 Ribonuclease III
pim0053 ribonucleoside diphosphate reductase, large subunit
pim0054 ribonucleoside diphosphate reductase, beta subunit
pim0071 deoxynucleotide monophosphate kinase
pim0116 pfam03003: Pox_G9-A16 ; Pox virus entry-fusion-complex G9/A16
pim0134 uncharacterized transmembrane protein conserved in pithoviruses
pim0136 Poxvirus early transcription factor (VETF), large subunit
pim0142 L1R_F9L; Lipid membrane protein of large eukaryotic DNA viruses
pim0144 transcription initiation factor IIB
pim0192 protein kinase conserved in pithoviruses
pim0224 thermonuclease/nuclease

LCMiAC02_3 D5-like helicase-primase (NCVOG0023)
LCMiAC01_1 NCLDV major capsid protein (NCVOG0022)
LCMiAC02_12 DNA-directed RNA polymerase subunit alpha (NCVOG0274)
LCMiAC01_18 DNA-directed RNA polymerase subunit alpha (NCVOG0274)
LCMiAC01_2 mRNA capping enzyme (NCVOG1451)
LCMiAC01_5 Phosphoinositide 3-kinase (NCVOG0242)
LCMiAC01_9 gene_16_LCMiAC01_9 is similar to TROVE domain protein [Klosneuvirus KNV1]
LCMiAC02_7 polynucleotide kinase-3'-phosphatase (NCVOG0243)

LCV contigs containing a translation protein and a ‘bona fide’ 
NCLDV protein, as defined by  NCVOG  and/or top blastp hits

PIM cluster annotations
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