5§

o7

83

bacteria (31)

Candidatus Pelagibacter ubique WP 006997411.1

i (:)LOO Ehrlichia chaffeensis WP 011452573.1
g:éolj % Anaplasma centrale WP 012880525.1

Wolbachia WP 010963036.1 MULTISPECIES

D4 | Neorickettsia sennetsu WP 011451801.1
100 Pame Icl[NC 001823.1NP 044773.1 29
88 mt Histiona aroides YP 007890568.1
71| 8 mt Jakoba bahamiensis YP 007890674.1
9B mt Seculamonas ecuadoriensis YP 007890825.1

Mver Icl|NC 008240.1YP 665696.1 15
Mijak Icl[NC 002553.1NP 066309.1 2
ik Atwi Icl|NC 036491.1YP 009446456.1 40
100 Mpol Icl[NC 037508.1YP 009479702.1 26
Ntab Icl|[NC 006581.1YP 173421.1 73
Andgo Icl|[NC 021124.1YP 007890465.1 1
Nqua rps1 Icl
TelT rps1 Icl
Pbil Icl|NC 031832.1YP 009317223.1 17
Pico Icl|MG202007.1ATY40867.1 2
100 mt Aureococcus anophagefferens JAFCAIO010000151.1
mt Pelagomonas calceolata YP 010152718.1
mt Jakoba libera YP 007890703.1
Hand Icl[NC 010637.1YP 001874768.1 12
mt Chroomonas placoidea YP 009476612.1
Gthe Icl|MH844545.1QBJ06321.1 29
mt Cryptomonas curvata YP 009476755.1
mt Proteomonas sulcata YP 009476716.1
mt Teleaulax amphioxeia YP 009475789.1
Rsal Icl[NC 002572.1NP 066465.1 12
mt Storeatula NC 037452.1YP 009476653.1 17

bacteria (29)

*{ bacteria (19)

100 Wolinella succinogenes WP 011139173.1
q4 Nautilia profundicola WP 015901904.1
8 Dictyoglomus thermophilum WP 012548394 .1

56

Elusimicrobium minutum WP 012414716.1

100 Dbru XP 041136171.1
94{§ Scer NP 013956.1
Cowc XP 004343024.2
Mbre XP 001742789.1
100, Hsap XP 0052697041

Hsap NP 055791.1
Drot EP00002 Diphylleia rotans P029609
Hema GEMP01000663.1.p1
Blasto OAO11975.1
TelT EP00656 Telonema subtile P003301
_|: Falb EP00159 Fonticula alba P004693
100, Vver EP00029 Vermamoeba vermiformis P005314
Vver EP00029 Vermamoeba vermiformis P005315
Acas XP 004334641.1
Nqua Colp41 TRINITY DN16045 c0 g1 i1 g.36316 m.36316
Gthe XP 005834243.1
Cpar tig00000605 g2475.11
Pbra EP00473 Plasmodiophora brassicae P003442
Mcal Malawimonas californiana 12210.mRNA.1
Mpol PTQ44615.1
Ntab XP 016442839.1
Mvir EP00899 Mesostigma viride P026493
Andgo 07060.mRNA.1
Ainv XP 008862834 .1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P009855 g9855.t1

——  Acetomicrobium mobile WP 014806659.1
ﬂEOceanithermus profundus WP 049773558.1

Deinococcus WP 011530706.1 MULTISPECIES

7
-< bacteria (13)

— hocteria (2)
Sphaerobacter thermophilus WP 012870980.1

130 Crinalium epipsammum WP 015204728.1
108 Anabaena cylindrica WP 015217139.1

Stanieria cyanosphaera WP 015193180.1
— Acaryochloris marina WP 012162010.1

100— Tpse XP 002292331.1

08 pg Ptri XP 002178261.1

LOO— Ctob KO0O28805.1

—1 Ehux XP 005756842.1

100 Ppur TRINITY DN1348 c0 g1 i1.p1

100

0y Ppur TRINITY DN1931 ¢c0 g1
Ppur TRINITY DN1931 c0 g1 i1.p2
9449 Cmer XP 005536954.1
Gsul XP 005704659.1
Gthe XP 005827004.1
Hand CAMPEP 0169472156
P21 100 Anabaena cylindrica WP 015216982.1
9 Crinalium epipsammum WP 015203768.1
Stanieria cyanosphaera WP 015195133.1
Acaryochloris marina WP 012164840.1
100, Ntab XP 016488643.1
Ntab XP 016478645.1
Mpol PTQ44802.1
Mvir EP00899 Mesostigma viride P025582
Ppro GHP06713.1
Crei XP 001694485.1
Bnat EP00466 Bigelowiella natans P016422
Egra Gene.49768 EG transcript 8610

F— Protein: rps1; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R7
0.50



10— FG transcript 4025 3

——— MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008702 g8702.t1
ﬂ)!: Nicotiana tabacum Ntab NP 054485.1

Marchantia polymorpha Mpol PTQ30673.1

Galdieria sulphuraria Gsul XP 005705035.1
Ppur TRINITY DN1237 c0 g1i12 2
Thalassiosira pseudonana CCMP1335 Tpse XP 002297516.
Acat CAMPEP 0171213720
Stanieria cyanosphaera WP 015194906.1
Acaryochloris marina WP 012163821.1
Anabaena cylindrica WP 015215818.1
Crinalium epipsammum WP 015203120.1
Rsal EP00961 Rhodomonas salina P039151
Dictyoglomus thermophilum WP 012547097.1
Deferribacter desulfuricans WP 013006811.1
Elusimicrobium minutum WP 012414818.1
bacteria (3)

bacteria (15)

llyobacter polytropus WP 013388212.1
bacteria (14)

bacteria (3)

bacteria (2)

bacteria (3)

Akkermansia muciniphila WP 012419726.1
Opitutus terrae WP 012377286.1
Francisella tularensis WP 003021616.1
Nitrosococcus oceani WP 002811513.1
Atwi GFYU01008125.1.p1

Coxiella burnetii RSA 493 NP 820375.2
Atwi GFYU01027496.1.p1

bacteria (6)

bacteria (4)

bacteria (14)

89 Mariprofundus ferrooxydans WP 018294889.1
98 Magnetococcus marinus WP 0117134921

bacteria (40)

100G Mmvir EP00899 Mesostigma viride P000102
! Mvir EP00899 Mesostigma viride P000103
ﬂ Pbil CAMNT 0000858981 3
93 Cpar tig00000388 g24806.11
Andgo IclINC 021124.1 prot YP 007890519.1 55
Pbra EP00473 Plasmodiophora brassicae P003502
100 Galdieria sulphuraria Gsul XP 005705246.1
Galdieria sulphuraria Gsul XP 0057052471
Cyanidioschyzon merolae strain 10D Cmer XP 005539327 .1
Homo sapiens Hsap NP 001358330.1
Monosiga brevicollis MX1 Mbre XP 001742053.1
Capsaspora owczarzaki ATCC 30864 Cowc XP 004344339.2
Nsim EP00160 Parvularia atlantis P019718
0 Allomyces macrogynus ATCC 38327 Amac KNE70030.1
— Allomyces macrogynus ATCC 38327 Amac KNE71086.1
M:Saccharomyces cerevisiae S288C Scer NP 011859.1
91 Brettanomyces bruxellensis Dbru XP 041135924 .1
Atwi Icl[NC 036491.1 prot YP 009446433.1 17
Maro Icl|AP019310.1 prot BBH42958.1 56
mt Jakoba bahamiensis YP 007890618.1
1799 mt Seculamonas ecuadoriensis YP 007890792.1
10 Pame Icl|NC 001823.1 prot NP 044803.1 59
mt Histiona aroides YP 007890599.1
Pycnococcus provasolii Ppro GHP03188.1
109| Pwic Icl|[MN794237.1 prot Q0Z41751.1 38
2 Noli Icl|[NC 008239.1 prot YP 665647.1 6
10— M%ol IclINC 037508.1 prot YP 009479736.1 60
1 100 Nicotiana tabacum Ntab XP 016487693.1
Nicotiana tabacum Ntab XP 016501068.1
0 Emiliania huxleyi CCMP 1516 Ehux XP 005772207 .1

—| L——— Chrysochromulina tobinii Ctob KO024894.1
TelT rps2 Icl

10 Vbra scaffold380 132
Cvel scaffold877 2

Vver Icl[NC 013986.1 prot YP 003540838.1 27

Tglo IclINC 023545.1 prot YP 009004137.1 35

Pkir Icl|INC 034798.1 prot YP 009370837.1 31

10— HBB2 rps2cl

100—— mt Pleurostomum flabellatum YP 010049273.1

10 mt Stachyamoeba lipophora YP 009118144.1
4100|:Ngru Icl|NC 002573.1 prot NP 066516.1 19

Nfow Icl[NC 021104.1 prot YP 007890037.1 19

95 Ttra Icl|[NC 026452.1 prot YP 009121404.1 31

Hmar Icl|LC515367.1 prot BBQ05328.1 5

94 109[ Pico Icl|]MG202007.1 prot ATY40866.1 1
Pico 30903 3

Reticulomyxa filosa Rfil ETO34394.1 hypothetical protein RFI 02700

te)
o

=
Py

98

I Lmar Icl|NC 045933.1 prot YP 009730057.1 13
mt Paravannella minima YP 009557776.1
100 10 Ddis Icl|NC 000895.1 prot NP 050107.1 41
100 mt Dictyostelium citrinum YP 003579826.1

— mt Dictyostelium intermedium YP 010191912.1
g5/ 80 1oq: mt Heterostelium pallidum YP 209599.1
77 mt Cavenderia fasciculata YP 001876557.1
Bmot EP00823 Brevimastigomonas motovehiculus P006235
99 mt Imasa heleensis YP 010165717.1
6 Mjak Icl|[NC 002553.1 prot NP 066341.1 35

Mcal Icl|[NC 026311.1 prot YP 009118109.1 32
| 9°| Acas Icl|[NC 001637.1 prot NP 042535.1 12
mt Balamuthia mandrillaris YP 009163153.1

Croe Icl[VLTN01000170.1 prot KAA0145453.1 27
4|_| mt Paramoeba pemaquidensis YP 009308411.1
8Bl M mt Cafileria marina YP 009688822.1
- mt Jakoba libera YP 007890735.1
85 10— Rsal Icl[NC 002572.1 prot NP 066476.1 23

' mt Storeatula NC 037452.1 prot YP 009476682.1 46

95 Blasto Icl|EF494740.3 prot ACH86076.1 15
mt Proteromonas lacertae YP 003795219.1

0 Otri Icl|JN383843.1 prot AEV66638.1 23

|
10—
' mt Halteria grandinella YP 010049568.1
10— Gthe Icl|MH844545.1 prot QBJ06314.1 36
L mt Cryptomonas curvata YP 009476766.1
75 10 Plasmodium falciparum 3D7 Pfal YP 009455730.1
| Toxoplasma gondii RH Tgon NP 044567 .1
MAST3i rps2 Icl
9 1 Cmar Icl[NC 013837.1 prot YP 003434212.1 5

8
1 0
10 mt Heterosigma akashiwo YP 005090286.1
9| mt Nannochloropsis gaditana YP 007317118.1
E 96| mt Microchloropsis salina YP 008519365.1
k mt Trachydiscus minutus YP 009237661.1
mt Vischeria stellata YP 009579069.1
mt Triparma laevis YP 009163718.1
99 10 mt Pelagomonas calceolata YP 010152730.1
I mt Aureococcus anophagefferens JAFCAI010000151.1
mt Aureoumbra lagunensis YP 010152752.1

9192 Ptri Icl|HQ840789.1 prot ADY18514.1 17
Taur Icl|AF288091.2 prot AAG23659.1 4
Tpse Icl|[NC 007405.1 prot YP 316599.1 14
96- mt Saprolegnia ferax YP 052907.1
9 99
100

mt Thraustotheca clavata YP 008475405.1

mt Achlya hypogyna YP 008475351.1

Ainv IclINC 032052.1 prot YP 009327270.1 34
mt Aphanomyces astaci YP 009327224.1
mt Phytopythium vexans YP 010395022.1
mt Pythium insidiosum YP 009167024.1
mt Globisporangium ultimum YP 003734815.1
mt Plasmopara viticola YP 009729766.1
mt Plasmopara halstedii YP 010394652.1
mt Bremia lactucae YP 009547919.1
mt Phytophthora agathidicida YP 010117854 .1
mt Phytophthora versiformis YP 010394809.1

mt Peronospora belbahrii YP 010394063.1

mt Peronospora tabacina YP 009178813.1

mt Hyaloperonospora arabidopsidis YP 010394024 .1
mt Pseudoperonospora humuli YP 009645896.1

mt Pseudoperonospora cubensis YP 009164909.1
mt Proteomonas sulcata YP 009476692.1

mt Teleaulax amphioxeia YP 009475755.1
Bnat rps2 Icl orf4256
Hand Icl[NC 010637.1 prot YP 001874780.1 24
mt Chroomonas placoidea YP 009476623.1
B4 Drot Icl[INC 029886.1 prot YP 009245584.1 15
96 mt Schizocladia ischiensis YP 010032402.1
98 Mver Icl|[NC 008240.1 prot YP 665712.1 31

79

98

Chlamydomonas reinhardtii Crei XP 001699000.2
Cvie GILI01007401.1.p1

Fonticula alba Falb EP00159 Fonticula alba P005453 XP 009497569.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008532 g8532.t1

eukaryotic ribosomal proteins SO/SA

F— Protein: rps2; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R8
0.50



7T S o cteria (107)

73

100~ Anabaena cylindrica WP 015215917.1
98I Acaryochloris WP 010469315.1
Crinalium epipsammum WP 015203294 .1
Stanieria cyanosphaera WP 015195227.1
Galdieria sulphuraria Gsul XP 005705012.1
100 Marchantia polymorpha Mpol PTQ45428.1
ﬂ|_—|_— Marchantia polymorpha Mpol PTQ32994.1
Nicotiana tabacum Ntab NP 054537.2
— 100] Mvir EP00899 Mesostigma viride P028137
—TU# Mvir EP00899 Mesostigma viride P029100
Mvir EP00899 Mesostigma viride P021565
llyobacter polytropus WP 013388238.1 30S ribosomal protein S3
llyobacter polytropus WP 013388238.1
Drot Icl|NC 029886.1YP 009245614.1 45
100; Ntab Icl[NC 006581.1YP 173410.1 61
91 -I i Nicotiana tabacum Ntab XP 016513511.1
98 Mpol IclINC 037508.1YP 009479694.1 18
98 Galdieria sulphuraria Gsul XP 005706219.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008079 g8079.t1
93 L Noli Icl[NC 008239.1YP 665660.1 19

85| 71| 9 3_|— Pwic Icl|MN794237.1Q0Z41750.1 37
Mver Icl|[NC 008240.1YP 665710.1 29

99

56

98 Amac Icl|NC 001715.1NP 043749.1 25
Chlamydomonas reinhardtii Crei XP 042919458.1
100 Jak IclINC 002553.1NP 066317.1 10

Mcal IclINC 026311.1YP 009118113.1 36

mt Imasa heleensis YP 010165732.1
Ttra Icl|NC 026452.1YP 009121389.1 16
Cowc Icl|[KC573038.1AGE93570.1 4
TelT rps3 Icl
63| Taur Icl|AF288091.2AAG23674.1 19

Nqua rps3 Icl

Pame IclINC 001823.1NP 044761.1 17
100 mt Histiona aroides YP 007890556.1

100 mt Jakoba bahamiensis YP 007890662.1

52 mt Seculamonas ecuadoriensis YP 007890813.1

— ——  mt Jakoba libera YP 007890715.1

Atwi Icl|NC 036491.1YP 009446465.1 49

Pbll IcIINC 031832.1YP 009317244.1 38

Vver IclINC 013986.1YP 003540820.1 9
57 Acas IclINC 001637.1NP 042548.1 25
mt Paravannella minima YP 009557790.1
5 Pkir IclINC 034798.1YP 009370814.1 8
Bnat Icl|HQ840955.1ADV41813.1 13
Pmar Icl[NC 026310.1YP 009118057.1 5
Ppro Icl[NC 013935.1YP 003495139.1 15

Bmot EP00823 Brevimastigomonas motovehiculus PO09575
Cmer Icl[NC 000887.3NP 059375.1 27
100| Plasmodium falciparum 3D7 Pfal YP 009455712.1
Babesia microti strain Rl Bmic YP 009363159.1
Toxoplasma gondii RH Tgon NP 044549.1
| E Eimeria tenella strain Penn State Eten NP 852625.2
Cyclospora cayetanensis Ccay XP 026189600.1
Ppur Icl|NC 002007.1NP 049318.1 25
100 Ddis IclINC 000895.1NP 050094.1 28
92 ﬁ|—|: mt Dictyostelium citrinum YP 492621.2
mt Cavenderia fasciculata YP 001876544.1
Cowc Icl|KC573038.1AGE93586.1 20
Mbre Icl|NC 004309.1NP 696980.1 17
90 Gnos Icl[NC 015117.1YP 004222752.1 24
5 mt Cyanoptyche gloeocystis YP 009092486.1
91 mt Gloeochaete wittrockiana YP 0090924221
100 Cpar Icl[NC 017836.1YP 006280838.1 21
—QZ{Et Cyanophora sudae YP 010041746.1
100 mt Cyanophora biloba YP 010041699.1
Hand Icl[NC 010637.1YP 001874795.1 39
100 mt Chroomonas placoidea YP 009476632.1
100 ﬁ? Gthe Icl|[MH844545.1QBJ06302.1 13
mt Cryptomonas curvata YP 009476741.1
mt Teleaulax amphioxeia YP 009475775.1
100 100— Rsal Icl|[NC 002572.1NP 066458.1 5
L mt Storeatula NC 037452.1YP 009476676.1 40
mt Proteomonas sulcata YP 009476701.1
100 Ngru Icl[NC 002573.1NP 066522.1 25
100 ﬂ'il\h‘ow IcIINC 021104.1YP 007890043.1 25
97 mt Pleurostomum flabellatum YP 010049282.1
— mt Stachyamoeba lipophora YP 009118126.1
78 HBB2 Icl ARQ20675.1
82 —  mt Phaeocystis globosa YP 010230008.1
100 _100—— Ehux [cllJN022704.1AEI29459.1 5
100 mt Isochrysis galbana NC 066487.1YP 010486780.1 11
77 100, Ctob Icl|KJ201908.1AHY04413.1 2
L mt Chrysochromulina parva YP 009459326.1
100 Ptri Icl|HQ840789.1ADY18526.1 29
98 100 Tpse IclNC 007405.1YP 316611.1 26
mt Triparma laevis YP 009163725.1
mt Schizocladia ischiensis YP 010032381.1
mt Vischeria stellata YP 009579082.1
mt Trachydiscus minutus YP 009237675.1
100; mt Nannochloropsis gaditana YP 007317129.1
mt Microchloropsis salina YP 008519376.1
100— Cmar Icl|[NC 013837.1YP 003434236.1 29
L——— mt Heterosigma akashiwo YP 005090314.1

499|— mt Synura synuroidea NP 038187.1
mt Ochromonas danica NP 066423.1

63| 100 mt Aureoumbra lagunensis YP 010152770.1
4‘ 100_|_— mt Aureococcus anophagefferens JAFCAIO010000151.1
mt Pelagomonas calceolata YP 010152720.1

100 Croe Icl|VLTN01000170.1KAA0145443.1 17
51 D% mt Cafileria marina YP 009688839.1
— Marchantia polymorpha Mpol PTQ48445.1

100 Pbra Icl|LS992577.1SYZ47147.1 31
@Cmt Polymyxa betae YP 010227904.1
mt Spongospora subterranea YP 009350070.1
ﬁ| Aper Icl|[KF651061.1AHA41670.1 34
MAST3i rps3 Icl
1001 Tthe Icl|[NC 003029.1NP 149378.1 15
of _|100 L mt Tetrahymena malaccensis YP 740730.1
99 mt Uronema marinum YP 009512654.1
100 Stromb Icl|MT471315.1QPL15919.1 35
92 100 Otri Icl|JN383843.1AEV66694.1 80
95 mt Halteria grandinella YP 010049601.1
Mbre Icl|NC 004309.1NP 696992.1 29
6 Akon Icl|NC 026286.1YP 009117137.1 26
Akon Icl|NC 026286.1YP 009117129.1 18
100 Dbru Icl[NC 013147.1YP 003127075.1 13
% Scer Icl YP 009144711.1
95 Nsim Icl[NC 020369.1YP 007476162.1 17
Blasto Icl|EF494740.3ACH86067.1 6
100; mt Saprolegnia ferax YP 052900.1
94 101000 mt Achlya hypogyna YP 008475358.1
mt Thraustotheca clavata YP 008475398.1
mt Aphanomyces astaci YP 009327217.1
mt Globisporangium ultimum YP 003734822.1
mt Phytopythium vexans YP 010395029.1

100

73

100

mt Pythium insidiosum YP 009167031.1
mt Bremia lactucae YP 009547912.1
mt Hyaloperonospora arabidopsidis YP 010394017.1
mt Peronospora tabacina YP 009178806.1
mt Peronospora belbahrii YP 010394056.1
mt Phytophthora agathidicida YP 0101178471
mt Phytophthora versiformis YP 010394802.1
mt Pseudoperonospora humuli YP 009645889.1
mt Pseudoperonospora cubensis YP 009164902.1
mt Plasmopara halstedii YP 010394645.1
mt Plasmopara viticola YP 009729753.1
§| Hmar Icl|LC515367.1BBQ05363.1 39
Egra Gene.81866 EG transcript 17627 g.81866
Tglo Icl|NC 023545.1YP 009004110.1 8
Pico Icl|[MG202007.1ATY40881.1 16
99— mt Balamuthia mandrillaris YP 009163140.1

L——— Cvie GILI01003419.1.p1
9 Maro Icl[AP019310.1BBH42918.1 16
99

[da)

Lmar Icl|NC 045933.1YP 009730068.1 24
Cvie GILI01006405.1.p1

100

eukaryotic cytoplasmic ribosomal proteins S3/S3-like

F— Protein: rps3; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.yeast+R7
0.50



99— mt Plasmopara halstedii YP 010394653.1
mt Plasmopara viticola YP 009729767 .1
mt Peronospora belbahrii YP 010394064.1
mt Phytophthora agathidicida YP 010117855.1
mt Phytophthora versiformis YP 010394810.1
mt Pseudoperonospora cubensis YP 009164871.1
mt Pseudoperonospora humuli YP 009645897.1
mt Peronospora tabacina YP 009178814.1
mt Bremia lactucae YP 009547920.1
mt Hyaloperonospora arabidopsidis YP 010394025.1
mt Pythium insidiosum YP 009167023.1
mt Phytopythium vexans YP 010395021.1
mt Globisporangium ultimum YP 003734814.1
100 Ainv Icl|NC 032052.1YP 009327271.1 35
mt Aphanomyces astaci YP 009327225.1
93 98— mt Thraustotheca clavata YP 008475406.1
mt Saprolegnia ferax YP 052908.1
mt Achlya hypogyna YP 008475350.1
100 Cmar Icl[NC 013837.1YP 003434213.1 6
L mt Heterosigma akashiwo YP 005090287.1
100 mt Trachydiscus minutus YP 009237662.1
82 |00 mt Vischeria stellata YP 009579070.1
e —| 1OOi mt Nannochloropsis gaditana YP 007317119.1
mt Microchloropsis salina YP 008519366.1
80—22 Cowc Icl|[KC573038.1AGE93619.1 52
mt Cafileria marina YP 009688834.1
mt Paramoeba pemaquidensis YP 009308412.1
Croe Icl[VLTN01000170.1KAA0145454.1 28
100 Toxoplasma gondii RH Tgon NP 044545.1
4@ Eimeria tenella strain Penn State Eten NP 852621.1
78 100 Babesia microti strain RI Bmic YP 009363155.1
O] Emiliania huxleyi CCMP1516
100, | Emiliania huxleyi CCMP1516
— L Chrysochromulina tobinii Ctob KO023693.1
Lmar Icl|NC 045933.1YP 009730055.1 11
99 100 Cmer Icl[NC 000887.3NP 059378.1 30
80 Ppro Icl|NC 013935.1YP 003495138.1 14
Bnat Icl|HQ840955.1ADV41827.1 27
Cvie GILI01006362.1.p1
100 100 mt Polymyxa betae YP 010227885.1
|| 94 mt Spongospora subterranea YP 009350048.1
Pbra Icl|LS992577.1SYZ47134.1 18
Taur Icl|AF288091.2AAG23660.1 5
Ptri Icl|[HQ840789.1ADY18515.1 18
Pico Icl]MG202007.1ATY40903.1 38
Tpse IclINC 007405.1YP 316600.1 15
mt Paravannella minima YP 009557777 .1
mt Schizocladia ischiensis YP 010032403.1
mt Triparma laevis YP 0091637171
Otri Icl|AEV66668.1
mt Synura synuroidea NP 038166.1
Mbre Icl[NC 004309.1NP 696974.1 11
mt Ministeria vibrans YP 007476203.1
100~ Nova EP00826 Nyctotherus ovalis P039278
'Nova EP00826 Nyctotherus ovalis P039279
99 100 mt Aureococcus anophagefferens JAFCAI010000151.1
94 —| L mt Pelagomonas calceolata YP 010152729.1
mt Aureoumbra lagunensis YP 010152751.1
92|87 Nsim Icl|[NC 020369.1YP 007476161.1 16
5 100 Pmar Icl[NC 026310.1YP 009118069.1 17
_|jm Hand Icl[INC 010637.1YP 001874786.1 30
99

100

96 t Chroomonas placoidea YP 009476607.1

Gthe Icl|MH844545.1QBJ06295.1 6

mt Cryptomonas curvata YP 009476731.1

mt Teleaulax amphioxeia YP 009475765.1

mt Proteomonas sulcata YP 009476689.1

Rsal Icl[NC 002572.1NP 066456.1 3

mt Storeatula NC 037452.1YP 009476678.1 42
99 Blasto Icl|[EF494740.3ACH86072.1 11

Ginc Icl]YP 0042227341

Pbg IclINC 031832.1YP 009317219.1 13

| 997 Cpar Icl[NC 017836.1YP 006280818.1 1
g9 100 wmophora sudae YP 010041728.1
mt Cyanophora biloba YP 010041683.1
MASTSi rps4 Icl
2 Mver IclINC 008240.1YP 665709.1 28
mt Gloeochaete wittrockiana YP 009092454.1
Ttra Icl[INC 026452.1YP 009121376.1 3

100, Allomyces macrogynus ATCC 38327 Amac KNE55326.1
100 Allomyces macrogynus ATCC 38327 Amac KNE59973.1
— 100~ Saccharomyces cerevisiae S288C Scer NP 014262.3
——— Brettanomyces bruxellensis Dbru XP 041139232.1

96 Noli Icl|NC 008239.1YP 665646.1 5
2 MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008082 g8082.t1
100 Ntab Icl|XP 016500822.1
Mpol Icl[NC 037508.1YP 009479733.1 57

92 98 Mjak Icl[NC 002553.1NP 066322.1 15
_|—|: Mcal Icl|[NC 026311.1YP 009118112.1 35
mt Imasa heleensis YP 010165744.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P003899 g3899.11
TelT rps4 Icl
00— Ngru Icl|NC 002573.1NP 066541.1 44
S L————— Nfow Icl[NC 021104.1YP 007890062.1 44
99 mt Balamuthia mandrillaris YP 009163154.1
100 Vver Icl|[NC 013986.1YP 003540847.1 36
Acas Icl|NC 001637.1NP 042528.1 5
|_|7 Drot Icl|[NC 029886.1YP 009245576.1 7
| 100~ Galdieria sulphuraria Gsul XP 005705084.1
=l bacteria (6)
{ Pwic Icl|MN794237.1Q0Z41744.1 31

97

O
-—

Maro Icl|AP019310.1BBH42925.1 23
100——— mt Heterostelium pallidum YP 209598.1

96 L mt Cavenderia fasciculata YP 001876556.1
100[— mt Dictyostelium intermedium YP 010191911.1

— '@r Ddis Icl|INC 000895.1NP 050106.1 40
mt Dictyostelium citrinum YP 003579825.1

Nqua rps4 Icl

96— Andgo IcIINC 021124.1YP 007890498.1 34

mt Seculamonas ecuadoriensis YP 007890767.1

Pame Icl|[NC 001823.1NP 044775.1 31

mt Histiona aroides YP 007890570.1

mt Jakoba libera YP 007890684.1

96 mt Jakoba bahamiensis YP 007890639.1

—— —————NNNN o cteria (3)

95

80 :
bacteria (37)

98| Tglo IclINC 023545.1YP 009004 138.1 36
Chlamydia pneumoniae WP 010883371.1
b0 92— Crinalium epipsammum WP 015203872.1
] 971 Anabaena cylindrica WP 015212516.1
Acaryochloris marina WP 012164324.1
Stanieria cyanosphaera WP 015194430.1
100{ [ 100 — Nicotiana tabacum Ntab NP 054500.1
98 L———— Marchantia polymorpha Mpol PTQ33324.1

9%

—  EG transcript 899 5
100[ Methylobacillus flagellatus WP 011479239.1
Nitrosomonas europaea WP 011112643.1
Sphaerobacter thermophilus WP 012870813.1
Akkermansia muciniphila WP 012419490.1
Acat CAMPEP 017121247

bacteria (8)
bacteria (5)

bacteria (50)

Hmar Icl|LC515367.1BBQ05345.1 21

100

eukaryotic cytoplasmic ribosomal proteins S9/S4

F————- Protein: rps4; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R7
0.50



92 Drot Icl[NC 029886.1 YP 009245587.1 18

Pam

Andgo IclINC 021124.1 YP 007890478.1 14

e Icl[NC 001823.1 NP 044752.1 8

mt Histiona aroides YP 007890547.1
mt Seculamonas ecuadoriensis YP 007890786.1
mt Jakoba bahamiensis YP 007890653.1

mt Jakoba libera YP 007890727 .1

Ttra Icl|NC 026452.1 YP 009121393.1 20
Cvie GILI01003136.1.p1

Bmot EP00823 Brevimastigomonas motovehiculus P006121

100

100

HBB2 Icl|[AQL10473.1
100, mt Nannochloropsis gaditana YP 007317137 1
mt Microchloropsis salina YP 008519386.1

mt Trachydiscus minutus YP 009237690.1
mt Vischeria stellata YP 009579057 .1
16%0 Ddis Icl[NC 000895.1 NP 050090.1 24

100 mt Dictyostelium citrinum YP 492624.1

mt Dictyostelium intermedium YP 010191897.1
mt Heterostelium pallidum YP 209582.1
_I_— mt Cavenderia fasciculata YP 001876540.1
100— Ngru Icl|NC 002573.1 NP 066499.1 2
_| L Nfow Icl[NC 021104.1 YP 007890020.1 2
99 mt Pleurostomum flabellatum YP 010049254.1

95 Akon Icl|NC 026286.1 YP 009117138.1 27
mt Stachyamoeba lipophora YP 009118137.1

10

mt Achlya hypogyna YP 008475340.1

mt Saprolegnia ferax YP 052887.1

100 — mt Pythium insidiosum YP 009167045.1
QgEmt Bremia lactucae YP 009547894.1

100~ Ainv Icl[NC 032052.1 YP 009327275.1 39
100 0 mt Aphanomyces astaci YP 009327229.1

mt Plasmopara viticola YP 009729741 .1
mt Plasmopara halstedii YP 010394627 .1
98| I mt Phytophthora agathidicida YP 010117832.1
{ool mt Hyaloperonospora arabidopsidis YP 0103939971
4~ mt Pseudoperonospora humuli YP 009645870.1
go| [~ mt Peronospora belbahrii YP 010394037.1
mt Phytophthora versiformis YP 010394783.1
— mt Peronospora tabacina YP 0091787871
mt Globisporangium ultimum YP 003734837.1
mt Phytopythium vexans YP 010395043.1

1 380 Tthe Icl|NP 149382.1
100 4|imt Tetrahymena malaccensis YP 740734.1
mt Tetrahymena pyriformis NP 049586.1

mt Ichthyophthirius multifiliis YP 004841725.1
Blasto Icl|EF494740.3 ACH86087.1 26

(2]
©

1 0076 Otri Icl|JN383843.1 prot AEV66655.1 40
mt Halteria grandinella YP 010049578.1
Stromb Icl|[MT471315.1 QPL15895.1 11

mt Paramoeba pemaquidensis YP 009308426.1

95

99 Taur Icl|AF288091.2 AAG23685.1 30

Tpse Icl|NC 007405. 1YP 316603.1 18
100 Cpar IclINC 017836.1 YP 006280848.1 31
mt Cyanophora biloba YP 010041670.1
mt Cyanophora sudae YP 010041709.1

mt Cyanoptyche gloeocystis YP 009092503.1

Nsim EP00160 Parvularia atlantis P0O09789

a 76
Vver Icl|NC 013986.1 YP 003540816.1 5

mt Paravannella minima YP 009557787 .1
100 Pbra Icl|LS992577.1 SYZ47135.1 19
100— mt Spongospora subterranea YP 009350047.1

] mt Polymyxa betae YP 010227884.1

mt Aureoumbra lagunensis YP 010152774.1

mt Gloeochaete wittrockiana YP 009092446.1
Acas IclINC 001637.1 NP 042545.1 22
Bnat Icl|HQ840955.1 ADV41834.1 34
mt Balamuthia mandrillaris YP 009163137.1
100— mt Aureococcus anophagefferens JAFCAI010000151.1

mt Pelagomonas calceolata YP 010152736.1

mt Imasa heleensis YP 010165733.1

100
9

Hmar Icl|LC515367.1 BBQ05325.2 3
Cmar Icl[NC 013837.1 YP 003434227.1 20
mt Heterosigma akashiwo YP 005090305.1

97

mt Proteromonas lacertae YP 003795210.1

87
1 97

Pkir Icl|[NC 034798.1 YP 009370841.1 35
| Tglo Icl|NC 023545.1 YP 009004106.1 4
97 mt Triparma laevis YP 009163702.1

mt Schizocladia ischiensis YP 010032408.1

_I: MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008642 g8642.t1
Ch

rysochromulina tobinii Ctob KO022201.1
Pwic Icl|[MN794237.1 Q0Z41746.1 33
Mpol Icl|NC 037508.1 YP 009479682.1 6
Mver Icl|[NC 008240.1 YP 665714.1 33

Chlamydomonas reinhardtii Crei XP 042916808.1
100, mt Ochromonas danica NP 066445.1

L————————— mt Synura synuroidea NP 038195.1

Pbil IclINC 031832.1 prot YP 009317240.1 34

Capsaspora owczarzaki ATCC 30864 Cowc XP 004364963.1

84

Noli Icl[NC 008239.1 YP 665675.1 34
Maro Icl|AP019310.1 BBH42933.1 32
00, Pico Icl|MG202007.1 ATY40869.1 4

' Pico 30903 3

92

Pycnococcus provasolii Ppro GHP06375.1

100 Cyanidioschyzon merolae strain 10D Cmer XP 005539450.1
_|?_|: Galdieria sulphuraria Gsul XP 005704883.1

Ppur TRINITY DN4126 c0 g1 i1.p2

s 100

Galdieria sulphuraria Gsul XP 005706943.1
100| Allomyces macrogynus ATCC 38327 Amac KNE56613.1
Allomyces macrogynus ATCC 38327 Amac KNE54959.1

4|:Saccharomyces cerevisiae S288C Scer NP 012647.1
Brettanomyces bruxellensis Dbru XP 041136935.1

_|: TelT rps7 Icl

Nqua rps7 Icl

—|j Homo sapiens Hsap NP 057055.2

Monosiga brevicollis MX1 Mbre XP 001747960.1
87 Mjak Icl[NC 002553.1 NP 066327.1 21
_r|: Mcal Icl[NC 026311.1 YP 009118116.1 39

00

76

Isosphaera p

Ori

©
30

Chlamydia

[{a)
—

bacteria (65)

e-d bacteria (4)
4 bacteria (11)
bacteria (3)
bacteria (8)

bacteria (8)
Sphaerobacter thermophilus

100

Gnos IclINC 015117.1 YP 004222756.1 28
100—— Rsal Icl[NC 002572.1 NP 066489.1 36
L——— mt Storeatula NC 037452.1 YP 009476667.1 31
_C Hand Icl[NC 010637.1 YP 001874793.1 37
mt Chroomonas placoidea YP 009476630.1
Gthe Icl|MH844545.1 QBJ06310.1 15
mt Cryptomonas curvata YP 009476743.1
mt Teleaulax amphioxeia YP 009475773.1
mt Proteomonas sulcata YP 009476699.1
Atwi Icl|NC 036491.1 YP 009446421.1 5
allida WP 013564060.1

86 Candidatus Pelagibacter WP 006996808.1
100, Rickettsia WP 004996646.1 MULTISPECIES
Rickettsia prowazekii WP 004597175.1

entia tsutsugamushi WP 012461712.1

Acetomicrobium mobile WP 014806362.1

pneumoniae WP 010883189.1

Candidatus Midichloria mitochondrii WP 013951314.1
101000 Ehrlichia chaffeensis WP 006010361.1
9 Wolbachia WP 007549313.1 MULTISPECIES

Neorickettsia sennetsu WP 011452071.1

Anaplasma centrale WP 012880962.1

WP 012871515.1

eukaryotic cytoplasmic ribosomal proteins S7/S5

F——-  Protein: rps7; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R9
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o6 Anabaena cylindrica WP 015215924 .1

g5 Crinalium epipsammum WP 015203287.1
Acaryochloris WP 010469304.1 MULTISPECIES
Stanieria WP 015195220.1 MULTISPECIES
Pwic JADZLO010000014.1 306
Nicotiana tabacum Ntab NP 054534.1
— Galdieria sulphuraria Gsul XP 005705010.1
bacteria (7)

bacteria (10)

bacteria (2)

bacteria (10)

0 bacteria (4)

bacteria (2)

98

bacteria (27)

Candidatus Pelagibacter ubique WP 006996825.1
Wolbachia WP 007551150.1 MULTISPECIES
Ehrlichia chaffeensis WP 011452590.1
Anaplasma centrale WP 012880544 .1

Candidatus Midichloria mitochondrii WP 013950581.1
O 100 Egra Gene.100934

100 Dpap DIPPA 02338.mRNA.1
—| 100E Tbru Tb927.10.13300

13%0 Cvie GILI01020553.1.p1 GENE.GILI01020553.1
bacteria (6)

DY) Mesorhizobium WP 006205453.1
bacteria (3)

bacteria (3)

- 9B5 Magnetospirillum magneticum WP 011385490.1
s bacteria (3)

= hacteria (2)

) bacteria (2)

== hacteria (2)

%){( Gluconobacter WP 011251952.1 MULTISPECIES

—_
N

Acetobacteraceae WP 003621081.1 MULTISPECIES

oo
‘—qogactena (4)

Turneriella parva WP 157210488.1

bacteria (2)
mt Jakoba bahamiensis YP 007890667.1

Drot Icl[NC 029886.1 prot YP 009245573.1 4
Ttra IcI|NC 026452.1 prot YP 009121377.1 4

HBB2 Icl|AQL10434.1

mt Imasa heleensis YP 010165757.1

Mijak Icl[INC 002553.1 prot NP 066318.1 11

Mcal Icl|[NC 026311.1 prot YP 009118090.1 13

Cvie GILI01004771.1.p1
Pame Icl[NC 001823.1 NP 044766.1 22
mt Histiona aroides YP 007890561.1
Andgo Icl|[NC 021124.1 YP 007890492.1 28
mt Seculamonas ecuadoriensis YP 007890818.1

Noli Icl[NC 008239.1 YP 665655.1 14
Mpol Icl[NC 037508.1 YP 009479698.1 22

Gsul XP 005704857.1

Acas Icl|[NC 001637.1 NP 042553.1 30
98— |

Candidatus Paracaedibacter symbiosus WP 032114070.1

100
99

Cmer Icl|NC 000887.3 NP 059370.1 22
mt Balamuthia mandrillaris YP 009163144.1

o8 100—— Ehux Icl|JN022704.1 AEI29455.1 1

ga[ L 100—— Rsallcl[NC 002572.1 NP 066478.1 25

100 L———— mt Isochrysis galbana NC 066487.1 YP 010486771.1 2
m

77 t Storeatula NC 037452.1 YP 009476656.1 20

_|: mt Teleaulax amphioxeia YP 009475786.1
mt Proteomonas sulcata YP 009476719.1

Otri Icl|JN383843.1 AEV66663.1 48
—| l mt Paulinella micropora YP 009709950.1

Mbre Icl|NC 004309.1 NP 696966.1 3

95 Nqua rps8 Icl
@aro Icl|AP019310.1 BBH42959.1 57

Tglo Icl|NC 023545.1 YP 009004115.1 13
mt Proteromonas lacertae YP 003795221.1
Lmar IclINC 045933.1 YP 009730074.1 30
100 mt Paramoeba pemaquidensis YP 009308394.1
mt Paravannella minima YP 009557795.1
1 O%T_l—_mt Dictyostelium citrinum YP 492652.1

—1 79

mt Dictyostelium intermedium YP 010191905.1
100 L Ddis IclINC 000895.1 NP 050099.1 33
—178 100——— mt Heterostelium pallidum YP 209591.1
| mt Cavenderia fasciculata YP 001876549.1
” Atwi Icl|NC 036491.1 YP 009446443.1 27

[ Stromb Icl|MT471315.1 QPL15899.1 15
mt Halteria grandinella YP 010049583.1
100, Ctob Icl|KJ201908.1 AHY04412.1 1
! mt Chrysochromulina parva YP 009459325.1
99 Gthe Icl|[MH844545.1 QBJ06320.1 27
mt Cryptomonas curvata YP 009476752.1
99 mt Synura synuroidea NP 038163.1
mt Ochrom1onas danica NP 066436.1

100 00 Ngru Icl[NC 002573.1 NP 066527.1 30
96 Nfow Icl[NC 021104.1 YP 007890048.1 30
mt Pleurostomum flabellatum YP 010049287.1

|| Akon Icl[NC 026286.1 YP 009117135.1 24

Pkir Icl|[NC 034798.1 prot YP 009370818.1 12
mt Stachyamoeba lipophora YP 009118131.1
100100 mt Polymyxa betae YP 010227881.1
mt Spongospora subterranea YP 009350045.1
92 Pbra Icl|LS992577.1 prot SYZ47138.1 22
JI—_Hand Icl|[NC 010637.1 YP 001874771.1 15
mt Chroomonas placoidea YP 009476615.1
94 Bnat EP00466 Bigelowiella natans P021305
mt Pelagomonas calceolata YP 010152732.1
mt Aureococcus anophagefferens JAFCAI010000151.1
100 Pmar IclINC 026310.1 YP 009118070.1 18
| Amac KNE67056.1
Amac KNE68031.1
ﬂr Scer NP 013879.1
Dbru XP 041137928.1
Vver Icl|NC 013986.1 YP 003540825.1 14
77 Blasto Icl|EF494740.3 ACH86074.1 13

Croe Icl[VLTN01000170.1 KAA0145451.1 25
Taur Icl|AF288091.2 AAG23657.1 2

Hmar Icl|LC515367.1 BBQ05368.1 44
110% Perkma XP 002771568.1
Perkma XP 002775431.1
100
81

100

100

Perkma XP 002786783.1

0%ema GEMP01106463.1.p1

Cvel 15423.t1-p1
Vbra 5285.11-p1
0y Bmic XP 012649252.1
Tann XP 953568.1
Pfal XP 001349086.1
Tgon XP 018637093.1
00, Ccay XP 022591106.2
Eten XP 013232649.1

TelT rps8 Icl

B r% 0Plasmopara viticola YP 009729764.1

mt Achlya hypogyna YP 008475353.1
mt Saprolegnia ferax YP 052905.1
mt Thraustotheca clavata YP 008475403.1

mt Aphanomyces astaci YP 009327222.1

mt Bremia lactucae YP 009547917.1

Bmot EP00823 Brevimastigomonas motovehiculus P001050

mt Hyaloperonospora arabidopsidis YP 010394022.1
mt Plasmopara halstedii YP 010394650.1
mt Phytophthora versiformis YP 010394807.1
mt Peronospora belbahrii YP 010394061.1
mt Pseudoperonospora humuli YP 009645894.1
mt Pseudoperonospora cubensis YP 009164907 .1
mt Peronospora tabacina YP 009178811.1
mt Phytophthora agathidicida YP 010117852.1
mt Globisporangium ultimum YP 003734817.1
mt Pythium insidiosum YP 009167026.1
mt Phytopythium vexans YP 010395024 .1
mt Schizocladia ischiensis YP 010032400.1
mt Cafileria marina YP 009688835.1
mt Trachydiscus minutus YP 009237659.1
mt Microchloropsis salina YP 008519363.1

mt Vischeria stellata YP 009579067 .1
100— Cmar Icl|NC 013837.1 YP 003434210.1 3

mt Heterosigma akashiwo YP 005090284.1

mt Triparma laevis YP 009163720.1
Ptri Icl|[HQ840789.1 ADY18512.1 15
Tpse IclINC 007405.1 YP 316597.1 12
MASTSi rps8 Icl
Nova Icl|GU057832.1 ADN85894.1 32

[da)

78

— Pbil Icl[NC 031832.1 YP 009317249.1 43

Pico Icl|MG202007.1 ATY40901.1 36
mt Jakoba libera YP 007890710.1

100

eukaryotic ribosomal proteins S15A/S22A

F——- Protein: rps8; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+F+R7
0.50



100 .
bacteria (101)

99|

1004 Acaryochloris WP 010467965.1
10Q; Nostocales WP 008232935.1 MULTISPECIES
98| 109 Cyanobacteria WP 198016669.1
Crinalium epipsammum WP 198013675.1
—— Gsul NW 005178440.1 190
— Mvir EP00899 Mesostigma viride P016113
Mpol PTQ47004.1
00, Ntab XP 0164986341
Ntab XP 016482148.1
EG transcript 17391 2
Bnat EP00466 Bigelowiella natans PO08037
Crei XP 001693282.1
—— Ppro GHP05301.1
00 Vbra 2873.t1-p1
Cvel 11375.t1-p1
00, Pfal XP 024329210.1
100 ! Pfal XP 001348755.1
[ Amac KNE62981.1
Amac KNE61981.1
gg[ [ Falb EP00159 Fonticula alba P002416 XP 009494532.1
Acas XP 004353515.1
Ctob KO030327.1
100 Scer NP 010326.1
Dbru XP 041134534.1
—— Nsim EP00160 Parvularia atlantis P002157
Mcal Malawimonas californiana 03514.mRNA.1

79 Pbil CAMPEP 0113880750
M 00 Gthe NW 005434605.1 1411
ER%I EP00961 Rhodomonas salina P283715
Hand CAMPEP 0169474032
99 Cowc XP 004343234.1
o Mbre XP 001749941.1
Hsap XP 005249263.1
100) Hsap NP 060611.2
| Hsap XP 011513027.1
Hsap XP 011513026.1
Pwic Icl|[MN794237.1 Q0Z41748.1 35
Mver Icl[NC 008240.1 YP 665718.1 37
Mpol Icl[NC 037508.1 YP 009479691.1 15
Ntab YP 173396.1
Drot Icl[NC 029886.1 YP 009245613.1 44
Andgo Icl|[NC 021124.1 YP 007890484.1 20
mt Jakoba bahamiensis YP 007890659.1
HBB2 rps10 Icl|AQL10444.1
Tglo Icl[NC 023545.1 YP 009004122.1 20
mt Seculamonas ecuadoriensis YP 007890810.1
MAST4A scaffold812 size15854 9
Pame Icl|[NC 001823.1 NP 044758.1 14
mt Histiona aroides YP 007890553.1
Ttra IcIINC 026452.1 YP 009121392.1 19
1(1)00 Cpar IclINC 017836.1 YP 006280849.1 32
97 97 | mt Cyanophora biloba YP 010041671.1
79 mt Cyanophora sudae YP 010041710.1
—— Pkir Icl|NC 034798.1 YP 009370811.1 5
mt Synura synuroidea NP 038182.1
90 mt Pleurostomum flabellatum YP 010049278.1
96 100——— Ngru Icl[NC 002573.1 NP 066518.1 21
L—— Nfow Icl[NC 021104.1 YP 007890039.1 21
5 Stromb Icl|orf33071
mt Cafileria marina YP 009688850.1

Pbra Icl|LS992577.1 SYZ47126.1 10
i Noli Icl[NC 008239.1 YP 665662.1 21
89 98 Blasto Icl|EF494740.3 ACH86082.1 21
1 mt Proteromonas lacertae YP 003795204.1
(A MAST3i rps10 Icl
90,

95

91

91
100

100

mt Ochromonas danica NP 066432.1

mt Pelagomonas calceolata YP 010152707.1

mt Aureoumbra lagunensis YP 010152743.1
100 Maro Icl|AP019310.1 BBH42932.1 31

100

81 og Ptri Icl|[HQ840789.1 ADY18511.1 14
Tpse Icl|NC 007405.1 YP 316596.1 11
95 mt Triparma laevis YP 009163706.1
08 mt Trachydiscus minutus YP 009237656.1

mt Vischeria stellata YP 009579064.1

100, mt Nannochloropsis gaditana YP 007317114.1

89 mt Microchloropsis salina YP 008519360.1
| Atwi Icl|]NC 036491.1 YP 009446434.1 18

mt Jakoba libera YP 007890719.1
100 Cmar Icl|[NC 013837.1 YP 003434229.1 22
mt Heterosigma akashiwo YP 005090307.1
TelT rps10 Icl

Croe Icl|[VLTNO1000170.1 KAA0145447.1 21
mt Schizocladia ischiensis YP 010032406.1
Gnos Icl|NC 015117.1 YP 004222729.1 1
mt Stachyamoeba lipophora YP 009118123.1
Aper Icl|KF651061.1 AHA41671.1 35
mt Cyanoptyche gloeocystis YP 009092504.1
mt Gloeochaete wittrockiana YP 009092445.1

,?80 mt Thraustotheca clavata YP 008475415.1

100{ mt Thraustotheca clavata YP 008475388.1
100 mt Saprolegnia ferax YP 052889.1
mt Achlya hypogyna YP 008475369.1

08 100, Ainv Ici[NC 032052.1 YP 009327273.1 37
mt Aphanomyces astaci YP 009327227 .1
mt Plasmopara halstedii YP 010394625.1
mt Plasmopara viticola YP 009729739.1
mt Hyaloperonospora arabidopsidis YP 010393995.1
mt Bremia lactucae YP 009547892.1
mt Pythium insidiosum YP 009167047.1
mt Phytophthora versiformis YP 010394785.1
0 mt Phytopythium vexans YP 010395045.1
mt Globisporangium ultimum YP 003734839.1
mt Peronospora belbahrii YP 010394039.1
mt Phytophthora agathidicida YP 010117830.1

mt Peronospora tabacina YP 009178789.1
190; mt Pseudoperonospora humuli YP 009645872.1
mt Pseudoperonospora cubensis YP 009164886.1

100
eukaryotic ribosomal protein S20
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53 .
bacteria (96)

llyobacter polytropus WP 013388218.1 30S ribosomal protein S11

Nicotiana tabacum Ntab NP 054533.1 ribosomal protein S11 plastid
Mvir EP00899 Mesostigma viride P021565 jgi|Mesvir1|2940|Mv04970-RA.1
Stanieria cyanosphaera WP 015195210.1 30S ribosomal protein S11
Acaryochloris WP 010480577.1 MULTISPECIES
98| 10Q- Anabaena WP 015215932.1 MULTISPECIES
Crinalium epipsammum WP 015203277.1 30S ribosomal protein S11
— Candidatus Pelagibacter ubique WP 006996833.1 30S ribosomal protein S11
— Deferribacter desulfuricans WP 013008448.1 30S ribosomal protein S11
—  Mbre XP 001747918.1
Andgo Icl[NC 021124.1YP 007890496.1 32
0 Pame Icl|NC 001823.1NP 044771.1 27
mt Histiona aroides YP 007890566.1
0 mt Seculamonas ecuadoriensis YP 007890823.1
mt Jakoba bahamiensis YP 007890672.1
98 Noli Icl|NC 008239.1YP 665652.1 11
Mpol Icl]NC 037508.1YP 009479701.1 25
MAST4A rps11 Icl

9 Crei XP 001695507.2
8‘9— Pwic Icl[MN794237.1Q0Z41730.1 17

98 Mver Icl|[NC 008240.1YP 665722.1 41
—| 100& Cmar Icl|[NC 013837.1YP 003434219.1 12
08 mt Heterosigma akashiwo YP 005090297.1

Drot Icl|YP 009245620.1

— TelT rps11 Icl
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008081 g8081.t1
og Ntab XP 0164328071

Ntab XP 016432806.1
1 Ntab XP 016512756.1

91 | Ntab XP 016512755.1
] Ntab XP 0164416831
8p Hmar Icl|LC515367.1BBQ05342.1 18

Ppro GHP02829.1
Pbil IclINC 031832.1YP 009317252.1 46
Gsul XP 005708488.1
991 00, mt Microchloropsis salina YP 008519361.1
mt Nannochloropsis gaditana YP 007317115.1
mt Vischeria stellata YP 009579065.1
mt Trachydiscus minutus YP 009237657 .1
Ehux XP 005782455.1
mt Triparma laevis YP 009163721.1
Ppur Icl|NC 002007.1NP 049320.1 27
100— mt Aureococcus anophagefferens JAFCAI010000151.1 KAH8042915.1 2
mt Pelagomonas calceolata YP 010152723.1
mt Jakoba libera YP 007890705.1
Atwi Icl|[NC 036491.1YP 009446431.1 15
Cvie GILI01003223.1.p1
Maro Icl|AP019310.1BBH42911.1 9
Lmar IclINC 045933.1YP 009730077.1 33
mt Paravannella minima YP 009557798.1
L 66 Tglo IclINC 023545.1YP 009004118.1 16
{'jHBBz Icl|AQL10431.1

Scer NP 014093.1

Nqua rps11
94 Acas IclINC 001637.1 NP 042556.1 33
Otri Icl|AEV66630.1
mt Balamuthia mandrillaris YP 0091631471
MASTS3i rps11 Icl
Stromb Icl|QPL15918.1
mt Paulinella micropora YP 009709951.1
Aper Icl|KF651061.1 AHA41662.1 26
Taur Icl|AF288091.2 AAG23668.1 13
Pkir Icl|[NC 034798.1YP 009370821.1 15
mt Paramoeba pemaquidensis YP 009308419.1
— | 100—— Ptri Icl|HQ840789.1 ADY18523.1 26
L Tpse Icl[NC 007405.1 YP 316608.1 23
——  mt Gloeochaete wittrockiana YP 009092456.1
1380 Mijak Icl|[NC 002553.1 NP 066321.1 14
_| E Mcal Icl[NC 026311.1 YP 009118081.1 4
mt Imasa heleensis YP 010165722.1
Vver Icl|[NC 013986.1 YP 003540828.1 17
Cmer IclINC 000887.3 NP 059369.1 21
74 L[ | 98— Gnos Icl[NC 015117.1 YP 004222739.1 11
100— Cpar Icl[NC 017836.1YP 006280833.1 16
ﬂ'@[ mt Cyanophora biloba YP 010041694.1
mt Cyanophora sudae YP 010041741.1
110%0 mt Polymyxa betae YP 010227879.1
4|51t Spongospora subterranea YP 009350043.1
100 Pbra Icl|LS992577.1SYZ47140.1 24
95 ﬂ|— mt Synura synuroidea NP 038179.1
mt Ochromonas danica NP 066434.1
100 Ddis Icl[NC 000895.1NP 050102.1 36

O

A\
'U\I'_l—_mt Dictyostelium citrinum YP 492649.1

87

97

Ttra Icl|[NC 026452.1YP 009121382.1 9
100— Ngru Icl|[NC 002573.1NP 066529.1 32
Nfow Icl|YP 007890050.1
L mt Pleurostomum flabellatum YP 010049289.1
mt Cyanoptyche gloeocystis YP 009092469.1
Blasto Icl|EF494740.3ACH86080.1 19
Pmar IclINC 026310.1YP 009118056.1 4
100 100— Ccay XP 026189606.1
Eten NP 852633.1
Tgon NP 044556.1
00, Bmot EP00823 Brevimastigomonas motovehiculus P002197
! Bmot EP00823 Brevimastigomonas motovehiculus P002198
mt Aureoumbra lagunensis YP 010152766.1
110% mt Thraustotheca clavata YP 008475394.1
0! | mt Saprolegnia ferax YP 052896.1
100] L mt Achlya hypogyna YP 008475362.1
100, Ainv Icl|NC 032052.1YP 009327259.1 23
100 L mt Aphanomyces astaci YP 009327213.1
é mt Hyaloperonospora arabidopsidis YP 010394013.1
%5

mt Pythium insidiosum YP 009167035.1
mt Phytopythium vexans YP 010395033.1
mt Globisporangium ultimum YP 003734826.1
mt Peronospora belbahrii YP 010394052.1
mt Peronospora tabacina YP 009178802.1
mt Phytophthora agathidicida YP 010117843.1
mt Phytophthora versiformis YP 010394798.1
mt Bremia lactucae YP 009547908.1
100, mt Pseudoperonospora humuli YP 009645885. 1
mt Pseudoperonospora cubensis YP 009164899.1
10Q;- mt Plasmopara halstedii YP 010394641.1
mt Plasmopara viticola YP 009729757 .1
Egra Gene.105403
100— Rsal Icl|NC 002572.1NP 066481.1 28
L—— mt Storeatula NC 037452.1YP 009476659.1 23
@|_— Gthe Icl|[MH844545.1QBJ06303.1 24
mt Cryptomonas curvata YP 009476749.1
100— Hand Icl[NC 010637.1YP 001874774.1 18
— mt Chroomonas placoidea YP 009476618.1
9 mt Proteomonas sulcata YP 009476722.1
89 mt Teleaulax amphioxeia YP 009475783.1
100, Amac KNE59541.1
L Amac KNE61214.1
99 Nsim IclINC 020369.1YP 007476164.1 19
Bnat Icl|HQ840955.1 ADV41821.1 21
Cowc XP 011270837.1
Hsap NP 789775.1
100]| Hsap NP 073750.2
Hsap NP 001308901.1
Hsap NP 001308899.1

Nsim EP00160 Parvularia atlantis P013442
Neorickettsia sennetsu WP 011451685.1

100

eukaryotic ribosomal protein S14
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0 Galdieria sulphuraria Gsul XP 005705008.1 pt DNA-directed RNA polymerase subunit alpha

mt Dictyostelium intermedium YP 010191908.1



10Q Tthe IclINC 003029.1 prot NP 149373.1 10
100f mt Tetrahymena malaccensis YP 740725.1
100} mt Tetrahymena pyriformis NP 049577.1
mt Tetrahymena pigmentosa YP 740814.1
mt Tetrahymena paravorax YP 740770.1
mt Ichthyophthirius multifiliis YP 004841717.1
mt Uronema marinum YP 009512649.1
mt Paramecium aurelia NP 039477 .1
mt Thuricola similis YP 010147309.1
100 Nova Icl|GU057832.1 prot ADN85897.1 35

te] mt Euplotes vanleeuwenhoeki YP 010117039.1
a ﬂ@':étromb IcliMT471315.1 prot QPL15910.1 26

Otri Icl|JN383843.1 prot AEV66678.1 63
mt Halteria grandinella YP 010049593.1
B Pmar Icl[NC 026310.1 prot YP 009118071.1 19
gv]— mt Paulinella micropora YP 009709961.1
95 mt Diacronema viridis YP 010127229.1
mt Paramoeba pemaquidensis YP 009308425.1

Acar EP00971 Amphidinium carterae P264886
1———— Ttra Icl|[NC 026452.1 prot YP 009121394.1 21

95 Perkinsus marinus ATCC 50983 Perkma XP 002788121.1
9%{%0\0& CAMPEP 0171193084

Hema GEMP01077833.1.p1
100 Omar CAMPEP 0204342250
Vbra 15385.t1-p1

10 Babesia microti strain Rl Bmic XP 012647312.1
8 Theileria annulata Tann XP 954264.1
9 Plasmodium falciparum 3D7 Pfal XP 001351432.1
Cyclospora cayetanensis Ccay XP 026190559.1
87 Toxoplasma gondii ME49 Tgon XP 002370729.2

Cvel 28382.t1-p1
mt Ministeria vibrans YP 007476196.1
93,— Cvie GILI01006746.1.p2

99

Reticulomyxa filosa Rfil ETO32493.1
mt Spongospora subterranea YP 009350047.1
mt Polymyxa betae YP 010227883.1
Pbra Icl|LS992577.1 prot SYZ47136.1 20
HBB2 rps12 Icl|AQL10449.1
Pkir Icl|NC 034798.1 prot YP 009370845.1 39
EU 17 18 rps12 Icl
mt Stachyamoeba lipophora YP 009118139.1
mt Pleurostomum flabellatum YP 010049308.1
Ngru Icl[NC 002573.1 prot NP 066504.1 7
|| Nfow Icl[NC 021104.1 prot YP 007890025.1 7
— Aper Icl|KF651061.1 prot AHA41654.1 18
MAST4 rps12 Icl
Bmot EP00823 Brevimastigomonas motovehiculus T015257 8
83 @g{ mt Imasa heleensis YP 0101657341
Mjak Icl|[NC 002553.1 prot NP 066330.1 24
Mcal Icl|[NC 026311.1 prot YP 009118098.1 21
Pico IcllMG202007.1 prot ATY40900.1 35
Egra Gene.104652 EG transcript 26732 g.104652
Drot IclINC 029886.1 prot YP 009245588.1 19
§|j Bnat Icl|HQ840955.1 prot ADV41811.1 11
Atwi Icl|[NC 036491.1 prot YP 009446424.1 8
94 Nsim IclINC 020369.1 prot YP 007476184.1 39
Taur Icl|AF288091.2 prot AAG23686.1 31
Blasto Icl|EF494740.3 prot ACH86088.1 27
Homo sapiens Hsap NP 066930.1
100, Chlamydomonas reinhardtii Crei XP 042927751.1
Chlamydomonas reinhardtii Crei XP 042927752.1
Hmar Icl|LC515367.1 prot BBQ05324.1 2
Mbre Icl[NC 004309.1 prot NP 696970.1 7
Ppro Icl|INC 013935.1 prot YP 003495135.1 11
— Ctob Icl|KJ201908.1 prot AHY04417.1 6
DO mt Phaeocystis globosa YP 010230019.1
100— Ehux Icl|JN022704.1 prot AEI29474.1 20
mt Isochrysis galbana NC 066487.1 prot YP 010486775.1 6
Nsim EP00160 Parvularia atlantis P011573
Cowc Icl|KC573038.1 prot AGE93646.1 80
9100E Acas Icl|[NC 001637.1 prot NP 042544.1 21

Il
(o]

mt Balamuthia mandrillaris YP 009163136.1

mt Paravannella minima YP 009557786.1

Vver Icl[NC 013986.1 prot YP 003540815.1 4

mt Cavenderia fasciculata YP 001876539.1

mt Heterostelium pallidum YP 209581.1

100— mt Dictyostelium intermedium YP 010191896.1

Ddis Icl|[NC 000895.1 prot NP 050089.1 23

mt Dictyostelium citrinum YP 003579818.1

Galdieria sulphuraria Gsul XP 005703381.1

Brettanomyces bruxellensis Dbru XP 041138285.1

Saccharomyces cerevisiae S288C Scer NP 014434 .1

Babesia microti strain RI Bmic YP 009363173.1

0, Allomyces macrogynus ATCC 38327 Amac KNE56228.1
Allomyces macrogynus ATCC 38327 Amac KNE54584.1

? Cmer Icl[NC 000887.3 prot NP 059379.1 31

Croe Icl|[VLTNO1000170.1 prot KAA0145437.1 11
p mt Cafileria marina YP 009688837.1
Maro Icl|AP019310.1 prot BBH42927.1 25

mt Proteromonas lacertae YP 003795209.1
— Pwic Icl|[MN794237.1 prot Q0Z41745.1 32
91600 Eimeria tenella strain Penn State Eten NP 852634.1
100 Cyclospora cayetanensis Ccay XP 026189606.1
3%4 ‘ Plasmodium falciparum 3D7 Pfal YP 009455722.1
T&

100

6
1

0

Toxoplasma gondii RH Tgon NP 0445571
Rsal Icl[NC 002572.1 prot NP 066488.1 35
mt Storeatula NC 037452.1 prot YP 009476668.1 32
Cmar IclINC 013837.1 prot YP 003434226.1 19
mt Heterosigma akashiwo YP 005090306.1
— Ptri Icl|HQ840789.1 prot ADY18517.1 20
— Tpse Icl[NC 007405.1 prot YP 316602.1 17
— mt Schizocladia ischiensis YP 010032407.1
100, mt Pelagomonas calceolata YP 010152735.1
mt Aureococcus anophagefferens JAFCAI010000151.1
—— mt Triparma laevis YP 009163703.1
9 mt Ochromonas danica NP 066444.1
mt Synura synuroidea NP 038194.1
9— mt Microchloropsis salina YP 008519384.1
mt Trachydiscus minutus YP 009237688.1
mt Vischeria stellata YP 009579058.1
mt Cyanoptyche gloeocystis YP 009092483.1
Gnos IclINC 015117.1 prot YP 004222757.1 29
mt Gloeochaete wittrockiana YP 009092447 .1
1901 Cpar Icl[NC 017836.1 prot YP 006280847.1 30
mt Cyanophora sudae YP 010041755.1
mt Cyanophora biloba YP 010041708.1
Tglo Icl|NC 023545.1 prot YP 009004105.1 3
‘l_l} Lmar IclINC 045933.1 prot YP 009730064.1 20
Ppur IclINC 002007.1 prot NP 049316.1 23
Hand Icl[NC 010637.1 prot YP 001874792.1 36
mt Chroomonas placoidea YP 009476629.1
Mver Icl|NC 008240.1 prot YP 665713.1 32
mt Aureoumbra lagunensis YP 010152773.1
0 Gthe Icl|[MH844545.1 prot QBJ06309.1 16
mt Cryptomonas curvata YP 009476744.1
mt Proteomonas sulcata YP 009476698.1
mt Teleaulax amphioxeia YP 009475772.1
Pbil Icl]NC 031832.1 prot YP 009317241.1 35
MAST3i rps12 Icl
19%0 Pame Icl[NC 001823.1 prot NP 044751.1 7
mt Histiona aroides YP 007890546.1

p7 mt Seculamonas ecuadoriensis YP 007890787.1
g mt Jakoba bahamiensis YP 007890652.1
o4l mt Jakoba libera YP 007890728.1
[— Falb rps12 Icl
— TelT rps12 Icl

Ainv Icl|[NC 032052.1 prot YP 009327274.1 38

Tbru RPS12.p1 Icl
83 mt Aphanomyces astaci YP 009327228.1
[ ©99, mt Achlya hypogyna YP 008475341.1
mt Saprolegnia ferax YP 052888.1
mt Thraustotheca clavata YP 008475387.1
mt Thraustotheca clavata YP 008475416.1
mt Globisporangium ultimum YP 003734838.1
9F mt Pythium insidiosum YP 009167046.1
g3 Mt Phytopythium vexans YP 010395044.1
— mt Plasmopara halstedii YP 010394626.1
mt Phytophthora versiformis YP 010394784.1
89[ mt Plasmopara viticola YP 009729740.1
8¢~ mt Bremia lactucae YP 009547893.1
mt Phytophthora agathidicida YP 010117831.1
mt Pseudoperonospora humuli YP 009645871.1
od mt Hyaloperonospora arabidopsidis YP 010393996.1
‘T- mt Pseudoperonospora cubensis YP 009164885.1
8‘{ mt Peronospora tabacina YP 009178788.1
mt Peronospora belbahrii YP 010394038.1

91 Nqua rps12
9— Noli Icl|[NC 008239.1 prot YP 665663.1 22
00~ Mpol Icl|NC 037508.1 prot YP 009479681.1 5
Ntab Icl[NC 006581.1 prot YP 173380.1 31

bacteria (105)
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100 mt Pseudoperonospora cubensis YP 009164900.1
M mt Pseudoperonospora humuli YP 009645886.1
mt Hyaloperonospora arabidopsidis YP 010394014.1
mt Bremia lactucae YP 009547909.1

mt Plasmopara halstedii YP 010394642.1

mt Plasmopara viticola YP 009729756.1

mt Phytophthora agathidicida YP 010117844.1

mt Phytophthora versiformis YP 010394799.1

mt Peronospora belbahrii YP 010394053.1

mt Peronospora tabacina YP 009178803.1

mt Phytopythium vexans YP 010395032.1

mt Globisporangium ultimum YP 003734825.1

mt Pythium insidiosum YP 009167034.1

mt Aphanomyces astaci YP 009327214.1

mt Achlya hypogyna YP 008475361.1

mt Saprolegnia ferax YP 052897.1

mt Thraustotheca clavata YP 008475395.1

84 mt Cafileria marina YP 009688841.1

mt Aureoumbra lagunensis YP 010152765.1

94 mt Proteromonas lacertae YP 003795224.1

mt Paramoeba pemaquidensis YP 009308396.1
ﬁ| Pkir IclINC 034798.1 YP 009370820.1 14

m 83 HBB2 rps13 Icl|AQL10432.1

mt Stachyamoeba lipophora YP 009118120.1

Akon Icl|NC 026286.1 YP 009117124.1 13

100 mt Pleurostomum flabellatum YP 010049290.1

4|j|j Ngru Icl|NC 002573.1 NP 066530.1 33
Nfow Icl[NC 021104.1 YP 007890051.1 33
JC Cmar Icl|NC 013837.1 YP 003434239.1 32
mt Heterosigma akashiwo YP 005090317.1

89 Pbra Icl|LS992577.1 SYZ47141.1 25
mt Spongospora subterranea YP 009350042.1
mt Polymyxa betae YP 010227878.1
Acas Icl[NC 001637.1 NP 042555.1 32
Aper Icl|KF651061.1 AHA41667.1 31
Croe Icl[VLTNO1000170.1 KAA0145440.1 14
mt Synura synuroidea NP 038178.1
mt Ochromonas danica NP 066435.1
mt Thuricola similis YP 010147339.1

96 Oftri Icl|JN383843.1 AEV66673.1 58
91 97 499|_L_ Stromb Icl|MT471315.1 QPL15905.1 21
mt Halteria grandinella YP 010049588.1

99 mt Paramecium aurelia NP 039482.1
98 mt Uronema marinum YP 009512643.1
mt Ichthyophthirius multifiliis YP 004841711.1
mt Tetrahymena paravorax YP 740764.1
900 Tthe IclNC 003029.1 NP 149367.1 4
mt Tetrahymena malaccensis YP 740719.1
mt Tetrahymena pigmentosa YP 740808.1
] mt Tetrahymena pyriformis NP 049571.1
95 Vver IclINC 013986.1 YP 003540827.1 16
B9 mt Cyanoptyche gloeocystis YP 009092506.1
5 Blasto Icl|EF494740.3 ACH86064.1 3
8 MAST3i rps13 Icl
00 Cowc Icl|[KC573038.1 AGE93640.1 74
mt Sphaerothecum destruens YP 009734642.1
98 Mbre IclINC 004309.1 NP 696977.1 14
ﬁ|_| Taur Icl|AF288091.2 AAG23667.1 12
mt Paravannella minima YP 009557797.1
80 100 mt Aureococcus anophagefferens JAFCAI010000151.1
] |89 mt Pelagomonas calceolata YP 010152724.1
5 Pico Icl|MG202007.1 ATY40891.1 26
—— mt Gloeochaete wittrockiana YP 0090924571
99 100— mt Heterostelium pallidum YP 209593.1
100 L——— mt Cavenderia fasciculata YP 001876551.1
100 mt Dictyostelium intermedium YP 010191907.1
—TU% Ddis Icl[NC 000895.1 NP 050101.1 35
mt Dictyostelium citrinum YP 492650.1
100 mt Trachydiscus minutus YP 009237684.1
mt Nannochloropsis gaditana YP 007317133.1
mt Vischeria stellata YP 009579054 .1
Lmar Icl[NC 045933.1 YP 009730076.1 32
X mt Triparma laevis YP 009163722.1
79 E Ptri Icl|HQ840789.1 ADY18502.1 4
Tpse IclNC 007405.1 YP 316595.1 10
L Drot Icl[NC 029886.1 YP 009245619.1 50
mt Schizocladia ischiensis YP 010032384.1
99 Noli Icl[NC 008239.1 YP 665653.1 12
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008081 g8081.11
Pwic Icl|[MN794237.1 Q0Z41731.1 18
Mver Icl|NC 008240.1 YP 665699.1 18
Ntab Icl|NC 006581.1 YP 173403.1 54
00; Mpol Icl|NC 037508.1 YP 009479700.1 24
Marchantia polymorpha Mpol PTQ37847.1

99

98

99 Ttra IclNC 026452.1 YP 009121381.1 8
78 Falb rps13 Icl
w4 TelT rps13 Icl

8 Gnos Icl|NC 015117.1 YP 004222740.1 12
1001~ Cpar Icl|NC 017836.1 YP 006280834.1 17
_TUE[ mt Cyanophora sudae YP 010041742.1
mt Cyanophora biloba YP 010041695.1
99 Bnat EP00466 Bigelowiella natans P002314
‘P Bmot EP00823 Brevimastigomonas motovehiculus PO09096
Chlamydomonas reinhardtii Crei XP 042916130.1

100, Allomyces macrogynus ATCC 38327 Amac KNE54949.1
92 99 | Allomyces macrogynus ATCC 38327 Amac KNE56603.1

100 Brettanomyces bruxellensis Dbru XP 041135105.1
93 {Saccharomyces cerevisiae S288C Scer NP 014318.3

95|— Nqua rps13
mt Balamuthia mandrillaris YP 009163146.1
100 Mcal IclINC 026311.1 YP 009118087.1 10
mt Imasa heleensis YP 010165723.1
Mijak IclINC 002553.1 NP 066320.1 13
Maro Icl]AP019310.1 BBH42966.1 64
mt Jakoba libera YP 007890707.1
MAST4 rps13 Icl
Pycnococcus provasolii Ppro GHP12317.1
mt Seculamonas ecuadoriensis YP 007890822.1
00 Pame Icl[NC 001823.1 NP 044770.1 26
D6 mt Histiona aroides YP 007890565.1

99 L mt Jakoba bahamiensis YP 007890671.1

Andgo Icl|[NC 021124.1 YP 007890495.1 31
I Atwi Icl|[NC 036491.1 YP 009446430.1 14

Cmer NC 010128.1 24

[ —— Nsim EP00160 Parvularia atlantis P014814
mt Ministeria vibrans YP 007476214.1
Pbil Icl]NC 031832.1 YP 009317251.1 45

100 Rsal Icl|[NC 002572.1 NP 066480.1 27
93 P6(100 mt Storeatula NC 037452.1 YP 009476658.1 22
— ] mt Proteomonas sulcata YP 009476721.1

mt Teleaulax amphioxeia YP 009475784.1
100 Hand Icl[INC 010637.1 YP 001874773.1 17
- mt Chroomonas placoidea YP 009476617.1
ﬂi Gthe Icl|[MH844545.1 QBJ06312.1 25
mt Cryptomonas curvata YP 009476750.1

77

ﬂ| Tglo IclINC 023545.1 YP 009004117.1 15
Hmar Icl|LC515367.1 BBQ05352.1 28
8 Chlamydia pneumoniae WP 010883266.1
Isosphaera pallida WP 013564969.1
Opitutus terrae WP 012373033.1
Akkermansia muciniphila WP 012419492 .1

bacteria (11)

bacteria (2)

Carboxydothermus WP 011345166.1 MULTISPECIES
100r Anabaena WP 015215931.1 MULTISPECIES

99IL_ gtanieria cyanosphaera WP 0151952111
Acaryochloris WP 010480576.1 MULTISPECIES
Crinalium epipsammum WP 015203278.1

Ppur TRINITY DN3463 c0 g1i5 3

Galdieria sulphuraria Gsul XP 005705008.1
Sporomusaceae WP 018703346.1 MULTISPECIES
Acetivibrio clariflavus WP 014256819.1

bacteria (14)

— llyobacter polytropus WP 013388219.1
100— Chrysochromulina tobinii Ctob KO021465.1
ﬁL L— Emiliania huxleyi CCMP1516 Ehux XP 005759877.1
Deferribacter desulfuricans WP 013008449.1

Bnat EP00466 Bigelowiella natans P009946
Pycnococcus provasolii Ppro GHP09416.1
Chlamydomonas reinhardtii Crei XP 001700563.1
1007 Mvir EP00899 Mesostigma viride P009661

Marchantia polymorpha Mpol PTQ50119.1
00, Nicotiana tabacum Ntab XP 016493236.1
Nicotiana tabacum Ntab XP 016505622.1
| Myxococcus WP 011553358.1 MULTISPECIES
Syntrophobacter fumaroxidans WP 011698436.1

Desulfatibacillum WP 012611020.1 MULTISPECIES

0

:

100

N

bacteria (62)

F—— Protein: rps13; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R7

0.50



100

100

RN N
0

92

180 Tthe Icl[NC 003029.1 NP 149376.1 13
mt Tetrahymena malaccensis YP 740728.1
mt Tetrahymena pigmentosa YP 740817.1
99 mt Tetrahymena pyriformis NP 049580.1

100 | mt Ichthyophthirius muiltifiliis YP 004841720.1
100 mt Tetrahymena paravorax YP 740773.1
— mt Uronema marinum YP 009512652.1
99| L ——— mtEuplotes vanleeuwenhoeki YP 010117047.1

100 Cpar Icl[INC 017836.1 YP 006280831.1 14
919E mt Cyanophora sudae YP 010041739.1
mt Cyanophora biloba YP 010041692.1

89 % Bmot EP00823 Brevimastigomonas motovehiculus PO08263

mt Aureoumbra lagunensis YP 010152763.1
mt Sphaerothecum destruens YP 009734659.1

100, Falb rps14 Icl

i 93 ! Fonticula alba Falb EP00159 Fonticula alba P006303 XP 009498419.1
Pkir Icl[NC 034798.1 YP 009370832.1 26
—| Akon IclINC 026286.1 YP 009117134.1 23

Tglo Icl|NC 023545.1 YP 009004114.1 12

Otri Icl|JN383843.1 AEV66666.1 51

mt Halteria grandinella YP 010049585.1

Stromb Icl|MT471315.1 QPL15902.1 18

mt Gloeochaete wittrockiana YP 009092463.1

100 Amac GG745364.1 2064
100 Atwi GFYU01043116.1.p1
00— Saccharomyces cerevisiae S288C Scer NP 015492.1

Brettanomyces bruxellensis Dbru XP 041135295.1
Hmar Icl|LC515367.1 BBQ05367.1 43
Atwi Icl|[NC 036491.1 YP 009446419.1 3

100

Lmar Icl|NC 045933.1 YP 009730073.1 29
MAST4A rps14 Icl
Mijak Icl|[NC 002553.1 NP 066314.1 7
Mcal Icl|[NC 026311.1 YP 009118094.1 17
100 100 Ngru Icl[NC 002573.1 NP 066526.1 29
Nfow Icl|NC 021104.1 YP 007890047.1 29
mt Pleurostomum flabellatum YP 010049286.1

99| EU 17 18 rps14 Icl orf9862
MAST3i rps14 Icl
S Cmer Icl[NC 000887.3 NP 059371.1 23

mt Cyanoptyche gloeocystis YP 009092489.1
mt Stachyamoeba lipophora YP 009118130.1

Mbre Icl[NC 004309.1 NP 696965.1 2
1 Theileria annulata Tann XP 951962.1
Babesia microti strain Rl Bmic XP 012650196.1
98| L_ plasmodium falciparum 3D7 Pfal XP 001348625.1
100 Toxoplasma gondii ME49 Tgon XP 002370475.1
Cyclospora cayetanensis Ccay XP 026194356.1

Vbra 18254.11-p1
Chlamydomonas reinhardtii Crei XP 001697160.1

Egra Gene.132811

Viver Icl[NC 013986.1 YP 003540824.1 13

Nova Icl|GU057832.1 ADN85893.1 31
Pwic Icl|MN794237.1 Q0Z41724.1 11

Noli Icl|[NC 008239.1 YP 665656.1 15

100, Mpol Icl|NC 037508.1 YP 009479697.1 21

9 Marchantia polymorpha Mpol PTQ26559.1

Ntab Icl[NC 006581.1 YP 173367.1 17

Nicotiana tabacum Ntab XP 016481514.1

Drot Icl|[NC 029886.1 YP 009245574.1 5

Bnat Icl|HQ840955.1 ADV41810.1 10
mt Schizocladia ischiensis YP 010032398.1
mt Seculamonas ecuadoriensis YP 007890817.1
Homo sapiens Hsap NP 071383.1

98 100— Pame Icl|NC 001823.1 NP 044765.1 21
94 mt Histiona aroides YP 007890560.1
—| _I_E— TelT rps14 Icl
Pbil IclNC 031832.1 YP 009317248.1 42

mt Dictyostelium citrinum YP 003579823.1

mt Dictyostelium intermedium YP 010191904.1

1 0%6 Ddis Icl[NC 000895.1 NP 050098.1 32
100 _|

(o)
=N

=1l

87]
— HBB2 rps14 Icl|AQL10435.1

97 %: mt Cavenderia fasciculata YP 001876548.1

mt Heterostelium pallidum YP 209590.1
— Cowc Icl|[KC573038.1 AGE93569.1 3
99 100——— Ehux Icl|JN022704.1 AEI29471.1 17
— mt Isochrysis galbana NC 066487.1 YP 010486784.1 15
Acas IclINC 001637.1NP 042552.1 29
Andgo IclINC 021124.1 YP 007890491.1 27
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008081 g8081.t1

90 97 Blasto Icl|EF494740.3 ACH86073.1 12
_|_‘— mt Proteromonas lacertae YP 003795222.1
Ginc rps14 Icl orf10907

99 Pbra Icl|LS992577.1 SYZ47139.1 23
99 mt Spongospora subterranea YP 0093500441
mt Polymyxa betae YP 010227880.1

Mver Icl|[NC 008240.1 YP 665719.1 38

ﬂ: mt Paravannella minima YP 009557794.1

mt Teleaulax amphioxeia YP 009475779.1

fo')
W

mt Ministeria vibrans YP 007476191.1

Taur Icl|AF288091.2 AAG23664.1 9
_|_|— mt Imasa heleensis YP 010165740.1

mt Paramecium aurelia NP 039474.1
ﬂ: mt Synura synuroidea NP 038192.1
mt Ochromonas danica NP 066442.1
100 Ctob Icl|KJ201908.1 AHY04420.1 9

85 — mt Chrysochromulina parva YP 009459333.1

] Sﬁ|:l-|and IclINC 010637.1 YP 001874799.1 43

90

95
84

mt Chroomonas placoidea YP 009476636.1

L | g9 99 Gthe Icl|[MH844545.1QBJ06308.1 20
_|__|: Cbur rps14 Icl orf4720
mt Cryptomonas curvata YP 009476745.1

mt Cafileria marina YP 009688818.1

99 mt Proteomonas sulcata YP 009476705.1
_@stal IclINC 002572.1 NP 066462.1 9
mt Storeatula NC 037452.1YP 009476672.1 36

Ptri Icl|HQ840789.1 ADY18507.1 9
Tpse IclNC 007405.1 YP 316617.1 32
Ttra Icl|NC 026452.1 YP 009121375.1 2
Cmar Icl[NC 013837.1 YP 003434241.1 34
mt Heterosigma akashiwo YP 005090320.1
mt Triparma laevis YP 009163715.1
mt Phaeocystis globosa YP 010230017.1
mt Paramoeba pemaquidensis YP 009308393.1
mt Pelagomonas calceolata YP 010152727.1
Cvie Icl|[MG202006.1ATY40847.1 5
mt Trachydiscus minutus YP 009237682.1

mt Vischeria stellata YP 009579053.1
100; mt Microchloropsis salina YP 008519378.1
mt Nannochloropsis gaditana YP 007317131.1

100

100| Pico Icl|[MG202007.1ATY40874.1 9

Pico 46610 3

mt Thraustotheca clavata YP 008475402.1
mt Saprolegnia ferax YP 052904.1
mt Achlya hypogyna YP 008475354.1
00, Ainv Ici[NC 032052.1YP 009327267.1 31

mt Aphanomyces astaci YP 009327221.1
mt Pythium insidiosum YP 009167027 .1
mt Phytopythium vexans YP 010395025.1
mt Globisporangium ultimum YP 003734818.1
mt Peronospora tabacina YP 009178810.1
mt Pseudoperonospora cubensis YP 009164906.1
mt Bremia lactucae YP 009547916.1
mt Hyaloperonospora arabidopsidis YP 010394021.1
mt Plasmopara viticola YP 009729763.1
mt Peronospora belbahrii YP 010394060.1
mt Phytophthora versiformis YP 010394806.1
mt Plasmopara halstedii YP 010394649.1
mt Phytophthora agathidicida YP 010117851.1
Maro Icl|AP019310.1BBH42957.1 55

100——— mt Jakoba libera YP 007890711.1

L— mt Jakoba bahamiensis YP 007890666.1

Nqua rps14
— Sneathiella glossodoripedis WP 025899902.1

bacteria (15)

bacteria (11)

7 bacteria (4)
—=—— hacteria (2)

Neorickettsia sennetsu WP 011451676.1

91 Aper Icl|AHA41656.1
86 Plasmodium falciparum 3D7 Pfal XP 001348056.1
100[ L7 Eimeria tenella Eten XP 013234510.1

8

Toxoplasma gondii ME49 Tgon XP 018637775.1

92,* Babesia microti strain Rl Bmic XP 012648667.1
Theileria annulata Tann XP 951845.1
Chlorobaculum parvum WP 012501452.1

Acaryochloris marina WP 012164397.1

Thalassiosira pseudonana CCMP1335 Tpse XP 002297510.1
Nicotiana tabacum Ntab NP 054495.1

Crinalium epipsammum WP 015201344.1

Stanieria cyanosphaera WP 041619192.1

Anabaena cylindrica WP 015213685.1

bacteria (66)

F—— Protein: rps14; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R7

0.50



bacteria (25)

bacteria (3)
9% 100, Nqua Colp44 TRINITY DN8262 c0 g1 i1 1
I TelT EPO0656 Telonema subtile P016483
1 Sphingobium indicum WP 007687139.1
9 Pacificimonas flava WP 008600121.1
bacteria (3)
100, spotted fever group WP 004997078.1 MULTISPECIES
Rickettsia prowazekii WP 004596731.1
Orientia tsutsugamushi WP 012461397 .1
Mvir EP00899 Mesostigma viride P017029
99~ Wolbachia WP 006279266.1
99 Ehrlichia chaffeensis WP 006010456.1
Anaplasma WP 010266854.1 MULTISPECIES
| Candidatus Midichloria mitochondrii WP 013950886.1
s Geminicoccus roseus WP 0271344771
— Rhodospirillum centenum WP 012567379.1
- bacteria (4)
‘ bacteria (8)
Desulfatibacillum alkenivorans WP 073477258.1
bacteria (3)
700~ Syntrophobacter fumaroxidans WP 011699835.1
U3—< bacteria (4)
B3 g® bacteria (4)
81 bacteria (4)
95

97| 100
98

i Ttra Icl|translated contigCDS
84 Rubrobacter xylanophilus WP 011564368.1

Deferribacter desulfuricans WP 013007010.1

bacteria (8)

gg Isosphaera pallida WP 013565851.1
bacteria (5)
Myxococcus WP 011553574.1 MULTISPECIES
Elusimicrobium minutum WP 012414912.1
Vver IclINC 013986.1YP 003540852.1 41
Pwic JADZLO010000017.1 2513

bacteria (4)

100,— Mjak Icl|[NC 002553.1NP 066315.1 8

96 Mcal rps16 Icl|orf13463
Naegleria fowleri Nfow XP 044568303.1
Naegleria gruberi Ngru XP 002680112.1

Drot EP00002 Diphylleia rotans P024011

9%1 Bmot EP00823 Brevimastigomonas motovehiculus T000776 10
sgl_? Bnat EP00466 Bigelowiella natans P009806

Homo sapiens Hsap NP 057149.1
Cdpar tig00021036 g17325.11
1 0| Allomyces macrogynus ATCC 38327 Amac KNE63364.1
Allomyces macrogynus ATCC 38327 Amac KNE64559.1
ﬂ: Brettanomyces bruxellensis Dbru XP 041139442.1
Saccharomyces cerevisiae S288C Scer NP 015312.1
Galdieria sulphuraria Gsul XP 005709236.1
y Pycnococcus provasolii Ppro GHP09811.1
— TelT EP00656 Telonema subtile P012082
0 Omar CAMPEP 0204256068
Hema GEMP01103567.1.p2
Theileria annulata Tann XP 954062.1
Babesia microti strain Rl Bmic XP 012648813.1
Plasmodium falciparum 3D7 Pfal XP 001351866.1
Cvel 21052.11-p1
Toxoplasma gondii ME49 Tgon XP 002369781.1
O Cyclospora cayetanensis Ccay XP 026192224.1
Eimeria tenella Eten XP 013229665.1
Vbra 16963.t1-p1
Monosiga brevicollis MX1 Mbre XP 001747940.1
Acat CAMPEP 0171187926
Chlamydia pneumoniae WP 010882766.1
Tetrahymena thermophila SB210 Tthe XP 001023295.2
Chlamydomonas reinhardtii Crei XP 042920014.1
Egra Gene.102447 EG transcript 25670 g.102447 m.102447
Dpap DIPPA 30227.mRNA.1
Atwi GFYU01042820.1.p1
Cvie GILI01005670.1.p1 GENE.GILI01005670.1
93 Tglo TRINITY DN255 c0 g1 i1.p1
Cyanidioschyzon merolae strain 10D Cmer XP 005535873.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO14822.1
9 HBB2 EP01027 Heterolobosea sp BB2 P001093 GEZU01001662.1
Pkir EP00761 Pharyngomonas kirbyi P012108
{ Andgo 00845.mRNA.1

99

10d

MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P000783 g783.t1
— Aphanomyces invadans Ainv XP 008880390.1

Taur BLSG01000216.1 4125
Thalassiosira pseudonana CCMP1335 Tpse XP 002287799.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002178613.1

Nsim EP00160 Parvularia atlantis P013062
_L@psaspora owczarzaki ATCC 30864 Cowc XP 004365532.2

[da)

—

O

Fonticula alba Falb EP00159 Fonticula alba PO00105

Chrysochromulina tobinii Ctob KOO27027.1
Pbil CAMPEP 0113890936
—r Bnat EP00466 Bigelowiella natans P004835
100 Rsal EP00961 Rhodomonas salina P051781

Guillardia theta CCMP2712 Gthe XP 005831544.1

Hand CAMPEP 0169453422
Nicotiana tabacum Ntab XP 016500283.1
Nicotiana tabacum Ntab XP 016514623.1
Nicotiana tabacum Ntab XP 016514622.1
Nicotiana tabacum Ntab XP 016503802.1
Nicotiana tabacum Ntab XP 016493749.1
Marchantia polymorpha Mpol PTQ33598.1
Marchantia polymorpha Mpol PTQ46539.1
Mvir EP00899 Mesostigma viride P020034
100, Gnos EC122516.1.p1 GENE.EC122516.1
Gnos EC119396.1.p1 GENE.EC119396.1
Cafeteria roenbergensis Croe KAA0153627.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P015244 g15244.t1
Pbra EP00473 Plasmodiophora brassicae P002271
Pycnococcus provasolii Ppro GHP10882.1
Chlamydomonas reinhardtii Crei XP 001700529.1
100 Nicotiana tabacum Ntab NP 054479.1
I‘(T)OO{ Acaryochloris WP 010471471.1 MULTISPECIES

O
o0

100

Stanieria WP 015192773.1 MULTISPECIES
Crinalium epipsammum WP 015203351.1
Anabaena cylindrica WP 015214383.1

F— Protein: rps16; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+R5
0.50



9

100

mt Peronospora tabacina YP 009178805.1
mt Hyaloperonospora arabidopsidis YP 010394016.1
mt Pseudoperonospora humuli YP 009645888.1
mt Peronospora belbahrii YP 010394055.1
mt Plasmopara viticola YP 0097297541
mt Bremia lactucae YP 009547911.1
mt Plasmopara halstedii YP 010394644.1
mt Phytophthora agathidicida YP 010117846.1
mt Phytophthora versiformis YP 010394801.1
mt Phytopythium vexans YP 010395030.1
mt Globisporangium ultimum YP 003734823.1
mt Pythium insidiosum YP 009167032.1
88, Ainv Icl|NC 032052.1 YP 009327262.1 26
98| - mt Aphanomyces astaci YP 009327216.1
94r mt Thraustotheca clavata YP 008475397.1
| 10Q; mt Achlya hypogyna YP 008475359.1
mt Saprolegnia ferax YP 052899.1

Pbra Icl|LS992577.1 SYZ47146.1 30

89

100
| E5E mt Polymyxa betae YP 010227905.1
98

mt Spongospora subterranea YP 009350071.1
mt Ochromonas danica NP 066422.1

mt Synura synuroidea NP 038188.1
Nova Icl|]ADN85891.1
mt Vischeria stellata YP 009579081.1
100 Otri Icl|JN383843.1 AEV66674.1 59
| Stromb Icl|MT471315.1 QPL15906.1 22

mt Halteria grandinella YP 010049589.1
Cvie Icl|[MG202006.1 ATY40864.1 23

484|7 MAST3i rsp19 Icl
i mt Cyanoptyche gloeocystis YP 009092485.1
100 mt Uronema marinum YP 009512645.1
00 mt Ichthyophthirius multifiliis YP 004841713.1
—1 100—— mt Tetrahymena paravorax YP 740766.1

TDO— mt Tetrahymena pigmentosa YP 740810.1
mt Tetrahymena pyriformis NP 049573.1
140~ Tthe Icl|]NC 003029.1 NP 149369.1 6

99 mt Tetrahymena malaccensis YP 740721.1
Mijak Icl[NC 002553.1 NP 066342.1 36
_|:Mcal Icl|NC 026311.1 YP 009118084.1 7
Mbre Icl[NC 004309.1 NP 696979.1 16
94 Blasto Icl|[EF494740.3 ACH86066.1 5

mt Proteromonas lacertae YP 003795226.1
Cowc Icl|[KC573038.1 AGE93572.1 6

mt Stachyamoeba lipophora YP 009118125.1
— mt Heterostelium pallidum YP 209584 .1

qs8 mt Cavenderia fasciculata YP 001876542.1
100 mt Dictyostelium intermedium YP 010191899.1
Ddis Icl|[NC 000895.1 NP 050092.1 26

mt Dictyostelium citrinum YP 003579819.1
95 mt Paravannella minima YP 009557789.1
93 mt Paramoeba pemaquidensis YP 009308428.1
0 Vver IclINC 013986.1 YP 003540819.1 8

mt Pleurostomum flabellatum YP 010049281.1
97 Ngru Icl[NC 002573.1 NP 066521.1 24
Nfow Icl[NC 021104.1 YP 007890042.1 24
499|——Cmar IclINC 013837.1 YP 003434237.1 30
92

mt Heterosigma akashiwo YP 005090315.1
1 98 Ptri Icl|HQ840789.1 ADY18525.1 28

99 mt Ministeria vibrans YP 007476216.1
—94 Acas Icl|[NC 001637.1 NP 042547.1 24
99

100 Taur Icl|AF288091.2 AAG23673.1 18

Aper Icl|KF651061.1 AHA41668.1 32

Ppro Icl|trans] contig CDS
Gnos IclINC 015117.1 YP 004222751.1 23

L Atwilcl[NC 036491.1 YP 009446466.1 50
77| Maro Icl|AP019310.1 BBH42934.1 33
mt Diacronema viridis YP 0101272111
100, Pico Icl|[MG202007.1 ATY40898.1 33
169 Pico 46597 3
9 TelT rps19 Icl

MAST4A rps19 Icl

Nqua rps19
Noli IcI[NC 008239.1YP 665661.1 20

10F(’)Wic IclIMN794237.1 Q0Z41722.1 9

| Ntab Icl|[NC 006581.1 YP 173409.1 60
8 Nicotiana tabacum Ntab XP 016452468.1
100 Marchantia polymorpha Mpol PTQ46721.1
Mpol Icl[NC 037508.1 YP 009479693.1 17
Marchantia polymorpha Mpol PTQ28693.1

— Mver Icl[NC 008240.1 YP 665703.1 22
98 m

t Imasa heleensis YP 010165746.1
% Rsal Icl[INC 002572.1 NP 066490.1 37
mt Storeatula NC 037452.1 YP 009476666.1 30
9: Pbil Icl]NC 031832.1 YP 009317243.1 37

B

99

78

9

mt Seculamonas ecuadoriensis YP 007890812.1

B ﬂ:Hand Icl|[NC 010637.1 YP 001874794.1 38

mt Chroomonas placoidea YP 009476631.1
96| 100——— Gthe Icl|MH844545.1 QBJ06306.1 14

mt Cryptomonas curvata YP 009476742.1

(Eg': mt Teleaulax amphioxeia YP 009475774 .1

mt Proteomonas sulcata YP 009476700.1

ll: Ttra Icl|[NC 026452.1 YP 009121390.1 17

94 HBB2 rps19 Icl|AQL10442.1

Andgo Icl[NC 021124.1 YP 007890486.1 22
Tglo Icl|NC 023545.1 YP 009004109.1 7
Hmar Icl|LC515367.1 BBQ05362.1 38

Ppur TRINITY DN1256 c1 g1 i1.p2
Drot IclNC 029886.1 YP 009245625.1 56

100 — Pame Icl[NC 001823.1 NP 044760.1 16

mt Histiona aroides YP 007890555.1
mt Jakoba libera YP 007890717.1
rS%Jakoba bahamiensis YP 007890661.1

mt Gloeochaete wittrockiana YP 009092424.1
| mt Cafileria marina YP 009688843.1
100 Cpar IclINC 017836.1 YP 006280839.1 22
@ Cyanophora sudae YP 010041747 .1
mt Cyanophora biloba YP 010041700.1
Candidatus Pelagibacter WP 006996815.1
bacteria (2)
— Kordiimonas gwangyangensis WP 020401304.1
—gMicavibrio aeruginosavorus WP 014103660.1
g bacteria (10)

bacteria (2)

Rhodospirillum rubrum WP 011390434.1
Kiloniella laminariae WP 020592342.1
bacteria (2)
Hyphomicrobium denitrificans WP 013215050.1
Mesorhizobium WP 015317982.1
1 Mcal Malawimonas californiana 12541.mRNA.1
bacteria (3)
Sneathiella glossodoripedis WP 025899911.1
Candidatus Odyssella thessalonicensis WP 010299447 .1
Parvularcula bermudensis WP 013300919.1
Candidatus Paracaedibacter symbiosus WP 032112433.1

D7 Mvir EP00899 Mesostigma viride P016962
Orientia tsutsugamushi WP 011944436.1
Rickettsia prowazekii WP 004596203.1

spotted fever group WP 004997794 .1

—=m hacteria (2)

— Magnetococcus marinus WP 011712529.1
ey Mariprofundus ferrooxydans WP 009849492.1
bacteria (11)

Proteobacteria WP 002633604.1

Syntrophobacter fumaroxidans WP 011698416.1
75— Desulfatibacillum WP 012611039.1
—4 bacteria (5)
Stanieria WP 015195229.1
Anabaena cylindrica WP 015215915.1
Crinalium epipsammum WP 015203296.1
Acaryochloris WP 010469318.1
Nicotiana tabacum Ntab NP 054539.1
100— Acat CAMPEP 0171204866

Acar EP00971 Amphidinium carterae P106465

[{o]

bacteria (7)
bacteria (3)

Acidimicrobium ferrooxidans WP 015797871.1
bacteria (4)

bacteria (23)

9— Dbru AHMD01000492.1 6
100

Saccharomyces cerevisiae S288C Scer NP 014435.3

100[ Allomyces macrogynus ATCC 38327 Amac KNE68305.1

Allomyces macrogynus ATCC 38327 Amac KNE69581.1

o g9g[— mt Pelagomonas calceolata YP 010152721.1

83 B

100

mt Thuricola similis YP 010147345.1

— mt Aureococcus anophagefferens JAFCAIO10000151.1 KAH8042917.1 4

mt Schizocladia ischiensis YP 010032382.1
Tpse Icl[NC 007405.1 YP 316610.1 25

Pkir IclINC 034798.1 YP 009370813.1 7
mt Microchloropsis salina YP 008519375.1
mt Trachydiscus minutus YP 009237674.1

mt Triparma laevis YP 0091637241

Croe Icl[VLTNO1000170.1 KAA0145442.1 16

Lmar IclINC 045933.1 YP 009730067.1 23

_|——mot EP00823 Brevimastigomonas motovehiculus P009156

Bnat EP00466 Bigelowiella natans P004186
Chlamydomonas reinhardtii Crei XP 0429221571

eukaryiotic ribosomal protein S15
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bacteria (96)

99 Nsim EP00160 Parvularia atlantis P021634

Fonticula alba Falb EP00159 Fonticula alba P002584 XP 009494700.1
Pbra EP00473 Plasmodiophora brassicae P005671

Aphanomyces invadans Ainv XP 008867404.1

MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P013386 g13386.t1

Bmot EP00823 Brevimastigomonas motovehiculus P002061

78|400 Pwic JADZLO010000011.1 1290
| Marchantia polymorpha Mpol PTQ36659.1
K TelT EP00656 Telonema subtile P049759
0 Cpar tig00021357 g20795.11

Cafeteria roenbergensis Croe KAA0151917.1
Bnat EP00466 Bigelowiella natans P015687

10 Cvie GILI01015479.1.p1
g ———=mm bacteria (3)
[y Atwi GFYU01011354.1.p1

1100 3 Mcal Malawimonas californiana 07705.mRNA.1
4@[ Mjak EP00700 Malawimonas jakobiformis P000913
Mjak EP00700 Malawimonas jakobiformis PO00504
1 Cyanidioschyzon merolae strain 10D Cmer XP 0055349541
100, Pbil CAMPEP 0113871432
Pbil CAMPEP 0113888776
Mvir EP00899 Mesostigma viride P009984
- Ppur TRINITY DN13118 c0 g1 i1.p3
Drot EP00002 Diphylleia rotans P039623
ﬂ|:Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002182965.1
Thalassiosira pseudonana CCMP 1335 Tpse XP 002292570.1
100 Chlamydomonas reinhardtii Crei XP 001698118.2
Nova EP00826 Nyctotherus ovalis P0O16059
Pycnococcus provasolii Ppro GHP03159.1
Thecamonas trahens ATCC 50062 Ttra XP 013755464.1
Monosiga brevicollis MX1 Mbre XP 0017468371
Capsaspora owczarzaki ATCC 30864 Cowc XP 011270012.1
ﬂ: Brettanomyces bruxellensis Dbru XP 041138254.1
Saccharomyces cerevisiae S288C Scer NP 010401.1

100, Allomyces macrogynus ATCC 38327 Amac KNE69446.1
91 Allomyces macrogynus ATCC 38327 Amac KNE68914.1

87 Allomyces macrogynus ATCC 38327 Amac KNE68912.1
1 100 Hema GEMP01084759.1.p1
Perkinsus marinus ATCC 50983 Perkma XP 002768171.1
Acat CAMPEP 0171194038
Omar CAMPEP 0204333146
Cvel 8219.t1-p1
Vbra 22603.t1-p1
Toxoplasma gondii ME49 Tgon XP 002369335.2
Eimeria tenella Eten XP 013232275.1
Plasmodium falciparum 3D7 Pfal XP 001349022.1
83 Babesia microti strain Rl Bmic XP 021338483.1
Theileria annulata Tann XP 954130.1
9|7 Taur BLSG01000357.1 122
Dpap DIPPA 32694. mRNA.1
_|:Andgo IclINC 021124.1 prot YP 007890473.1 9
Galdieria sulphuraria Gsul XP 005708364.1
ﬂ|——Pame Icl[NC 001823.1 prot NP 044747.1 3
mt Histiona aroides YP 007890542.1
ﬁ— mt Jakoba bahamiensis YP 007890648.1
mt Jakoba libera YP 007890733.1
Plasmodium falciparum 3D7 Pfal XP 001350509.1
Babesia microti strain Rl Bmic XP 021338516.1
Theileria annulata Tann XP 953652.1
Homo sapiens Hsap NP 064621.3
Vbra 13266.t1-p1
Cvel 21377 .t1-p1
Toxoplasma gondii ME49 Tgon XP 002366947.2
Cyclospora cayetanensis Ccay XP 026190452.1
Candidatus Pelagibacter ubique WP 011282160.1
Acat CAMPEP 0171199522
Thalassiosira pseudonana CCMP 1335 Tpse XP 002297540.1
Galdieria sulphuraria Gsul XP 005704995.1
Rsal EP00961 Rhodomonas salina P028859
Bnat EP00466 Bigelowiella natans P0O07757
100, Emiliania huxleyi CCMP1516 Ehux XP 005781458.1
Emiliania huxleyi CCMP1516 Ehux XP 005763305.1
Crinalium epipsammum WP 015204898.1
Anabaena cylindrica WP 0152146921
Acaryochloris marina WP 012163304.1
Stanieria cyanosphaera WP 015192978.1
Mvir EP00899 Mesostigma viride P012191
Chlamydomonas reinhardtii Crei XP 001701761.1
Pycnococcus provasolii Ppro GHP03830.1
Marchantia polymorpha Mpol PTQ39921.1
100, Nicotiana tabacum Ntab XP 016489543.1
Nicotiana tabacum Ntab XP 016506691.1
Hand CAMPEP 0172053140
99— Tetrahymena thammophila SB210 Tthe XP 001030600.2
etrahymena thermophila e .
il S Reticulomyxa filosa Rfil ETO20126.1
|92' — Blastocystis sp. ATCC 50177/Nand |l Blasto OAO12781.1
o8|t 99 Nicotiana tabacum Ntab XP 016459274.1
- 100[! Nicotiana tabacum Ntab XP 016454220.1
Or Nicotiana tabacum Ntab XP 016459276.1
Nicotiana tabacum Ntab XP 016459277.1
100/ || 100 Anaplasma centrale WP 012880957.1
@rlichia chaffeensis WP 011452918.1
Wolbachia WP 010962311.1
99 L Guillardia theta CCMP2712 Gthe XP 005835831.1
H Neorickettsia sennetsu WP 011452065.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO15399.1
Nova EP00826 Nyctotherus ovalis PO10050
Acanthamoeba castellanii str. Neff Acas XP 004367556.1

83
100
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100
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100

78 m

m
10

mt Bremia lactucae YP 009547910.1
mt Plasmopara halstedii YP 010394643.1
mt Plasmopara viticola YP 009729755.1
mt Phytophthora agathidicida YP 010117845.1
mt Phytophthora versiformis YP 010394800.1
mt Peronospora tabacina YP 009178804.1
mt Peronospora belbahrii YP 010394054 .1
mt Hyaloperonospora arabidopsidis YP 010394015.1
mt Pseudoperonospora humuli YP 009645887.1
mt Pseudoperonospora cubensis YP 009164901.1

mt Pythium insidiosum YP 009167033.1
mt Phytopythium vexans YP 010395031.1

Ainv Icl[NC 032052.1 prot YP 009327261.1 25
mt Aphanomyces astaci YP 009327215.1

mt Thraustotheca clavata YP 008475396.1

t Saprolegnia ferax YP 052898.1

6Achlya hypogyna YP 008475360.1

mt Pelagomonas calceolata YP 0101527221

mt Aureococcus anophagefferens JAFCAI010000151.1 KAH8042916.1 3
mt Aureoumbra lagunensis YP 010152769.1

mt Schizocladia ischiensis YP 010032383.1

Ptri Icl|HQ840789.1 prot ADY18524.1 27

Tpse Icl|NC 007405.1 prot YP 316609.1 24

77|14

] 100

Croe Icl|[VLTNO1000170.1 KAA0145441.1 15
mt Triparma laevis YP 009163723.1
Cmar Icl[NC 013837.1 prot YP 003434238.1 31
mt Heterosigma akashiwo YP 005090316.1
mt Vischeria stellata YP 009579080.1
mt Trachydiscus minutus YP 009237673.1
mt Microchloropsis salina YP 008519374.1
mt Nannochloropsis gaditana YP 007317127 .1
MASTS3i rpl3 Icl
mt Synura synuroidea NP 038189.1
mt Ochromonas danica NP 066421.1
— mt Cyanoptyche gloeocystis YP 009092496.1
Gnos IclINC 015117.1 prot YP 004222750.1 22
Cpar IclINC 017836.1 prot YP 006280840.1 23
mt Cyanophora sudae YP 010041748.1
mt Cyanophora biloba YP 010041701.1
mt Proteromonas lacertae YP 003795225.1
Mbre Icl|NC 004309.1 prot NP 696993.1 30
Cowc Icl[KC573038.1 prot AGE93606.1 40

00| Homo sapiens Hsap NP 057034.2
L Homo sapiens Hsap NP 001287777.1
Atwi Icl|NC 036491.1 prot YP 009446467.1 51
— Pbil Icl|NC 031832.1 prot YP 009317242.1 36
Blasto IcI|EF494740 3 prot ACH86065.1 4
Lmar Icl|NC 045933.1 prot YP 009730066.1 22
mt Gloeochaete wittrockiana YP 009092468.1
Ngru Icl|NC 002573.1 prot NP 066520.1 23
Nfow Icl|[NC 021104.1 prot YP 007890041.1 23
mt Pleurostomum flabellatum YP 010049280.1
——  mt Stachyamoeba lipophora YP 009118124.1

EU 17 18 rpl2 Icl
Pkir Icl|INC 034798.1 prot YP 009370812.1 6

mt Paramoeba pemaquidensis YP 009308427 .1
100——— Ntab Icl|NC 006581.1 prot YP 173397.1 48

94

L——— Ntab Icl|NC 006581.1 prot YP 173485.1 137
Taur Icl|AF288091.2 prot AAG23672.1 17
Tglo Icl]NC 023545.1 prot YP 009004108.1 6
mt Paravannella minima YP 009557788.1
mt Cafileria marina YP 009688842.1
——— HBB2 rpl2 Icl]AQL10443.1

100—— Acas Icl|NC 001637.1 prot NP 042546.1 23

78

mt Balamuthia mandrillaris YP 009163138.1
mt Dictyostelium citrinum YP 492623.1

10
1001 it Dictyostelium intermedium YP 010191898.1

100 Ddis Icl[NC 000895.1 prot NP 050091.1 25

9 mt Heterostelium pallidum YP 209583.1
mt Cavenderia fasciculata YP 001876541.1

Babesia microti strain Rl Bmic YP 009363157.1
Toxoplasma gondii RH Tgon NP 044547 .1

100— Eimeria tenella strain Penn State Eten NP 852623.1
Cyclospora cayetanensis Ccay XP 026189607.1

Nova EP00826 Nyctotherus ovalis P032846
100 100 Otri Icl|JN383843.1 prot AEV66675.1 60
mt Halteria grandinella YP 010049590.1

96

Stromb Icl|MT471315.1 prot QPL15907.1 23
mt Thuricola similis YP 010147312.1

Aper Icl|KF651061.1 prot AHA41663.1 27
100 mt Paramecium aurelia NP 039480.1

79

8
87
96

100

95  100P

03

1
e}

100

mt Tetrahymena paravorax YP 740767.1
88 mt Ichthyophthirius multifilis YP 004841714.1
mt Uronema marinum YP 009512646.1
mt Tetrahymena pigmentosa YP 740811.1
mt Tetrahymena pyriformis NP 049574.1
Tthe Icl[NC 003029.1 prot NP 149370.1 7
mt Tetrahymena malaccensis YP 740722.1

fols TelT rpl2 Icl
0 mt Imasa heleensis YP 010165747.1
9 Ttra Icl|[NC 026452.1 prot YP 009121391.1 18
00— Mjak Icl|[NC 002553.1 prot NP 066335.1 29
10!(\J/Ical IclINC 026311.1 prot YP 009118085.1 8
Mpol Icl|[NC 037508.1 prot YP 009479692.1 16
1oor—LMpollct o

Marchantia polymorpha Mpol PTQ50255.1

94 100| Nicotiana tabacum Ntab XP 016493674.1

Nicotiana tabacum Ntab XP 016435027.1
Drot Icl]NC 029886.1 prot YP 009245601.1 32
Maro Icl|AP019310.1 prot BBH42926.1 24
100 Theileria annulata Tann XP 954958.1
Babesia microti strain Rl Bmic XP 021338646.1
Vbra 21840.t1-p1
Plasmodium falciparum 3D7 Pfal XP 001348008.1
Cvel 5048.11-p1
Hema GEMP01075066.1.p1
Omar CAMPEP 0204342534
Toxoplasma gondii ME49 Tgon XP 018638135.1
100, Perkinsus marinus ATCC 50983 Perkma XP 002787182.1
Perkinsus marinus ATCC 50983 Perkma XP 002781192.1

I: Cyclospora cayetanensis Ccay XP 026192537.1

Eimeria tenella Eten XP 013228026.1
Egra Gene.55311 EG transcript 9967 g.55311
Chlamydomonas reinhardtii Crei XP 001692579.2

Pycnococcus provasolii Ppro GHP06409.1
0 Nsim EP00160 Parvularia atlantis P018958

Fonticula alba Falb EP00159 Fonticula alba P005240 XP 009497356.1

ﬂéaccharomyces cerevisiae S288C Scer NP 010864.3

Brettanomyces bruxellensis Dbru XP 041134999.1

100| Allomyces macrogynus ATCC 38327 Amac KNE56337.1

Allomyces macrogynus ATCC 38327 Amac KNE54687.1
Mvir EP00899 Mesostigma viride P014691
Bmot EP00823 Brevimastigomonas motovehiculus PO06007

9C_|_—EChrysochromuI|na tobinii Ctob KO0O23771.1

miliania huxleyi CCMP1516 Ehux XP 005770894.1

Reticulomyxa filosa Rfil ETO15835.1
Cvie GILI01028071.1.p2

Pbra EP00473 Plasmodiophora brassicae P009533

Cvie GILI01098186.1.p2

Pmar EW704599.1 1

Bnat EP00466 Bigelowiella natans P020618

Pico 19644 4

mt Sphaerothecum destruens YP 009734655.1
Galdieria sulphuraria Gsul XP 005704042.1
Cyanidioschyzon merolae strain 10D Cmer XP 005537915.1

00Guillardia theta CCMP2712 Gthe XP 005823249.1

Hand CAMPEP 0172047576
Hand CAMPEP 0169480594

Andgo Icl[NC 021124.1 prot YP 007890485.1 21
Nqua rp
Pame Icl|[NC 001823.1 prot NP 044759.2 15

mt Histiona aroides YP 007890554.1

mt Seculamonas ecuadoriensis YP 007890811.1
mt Jakoba bahamiensis YP 007890660.1

12

M

Candidatu

bacteria (7)

——ll b2

Hmar Icl|LC515367.1 prot BBQ05361.1 37

mt Jakoba libera YP 007890718.1
0, spotted fever group WP 0049977911
Rickettsia prowazekii WP 004596202.1

vir EP0O0899 Mesostigma viride P016962

Orientia tsutsugamushi WP 012461609.1

s Midichloria mitochondrii WP 013950570.1

bacteria (14)
bacteria (4)

7 U- bacteria (4)

cteria (4)

98 — Magnetococcus marinus WP 011712528.1

— Di

Vver

bacteria (29)

Chlamydia pneumoniae WP 010883282.1
Anabaena cylindrica WP 015215914 .1
Crinalium epipsammum WP 015203297 .1
Stanieria cyanosphaera WP 015195230.1
Acaryochloris WP 010469319.1

Galdieria sulphuraria Gsul XP 005705013.1
1001 Nsim EP00160 Parvularia atlantis P013107
Ntab Icl|[NC 006581.1 prot YP 173359.1 9
Nicotiana tabacum Ntab NP 054540.1

Pwic JADZLO010000014.1 300

—— Sphaerobacter thermophilus WP 012871522.1

ctyoglomus thermophilum WP 012547693.1

bacteria (7)

Halobacteroides halobius WP 015325931.1
bacteria (2)

bacteria (4)

bacteria (8)

bacteria (4)

bacteria (14)
MAST4A rpl2 Icl

IclINC 013986.1 prot YP 003540818.1 7
00~ Tbru Tb927.5.3360 mMRNA-p1

100

—— Cvie GILI01021270.1.p1

99|— Nova Icl|GU057832.1 prot ADN85889.1 27
|—|: Nova Icl|GU057832.1 prot ADN85890.1 28
Nova EP00826 Nyctotherus ovalis P0O00119

eukaryotic cytoplasmic ribosomal proteins L2/L8
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mt Ministeria vibrans YP 007476213.1
4|_|— Plasmodium falciparum 3D7 Pfal YP 009455710.1



bacteria (14)

bacteria (6)
bacteria (8)

bacteria (3)

Sphaerobacter thermophilus WP 012871531.1

bacteria (42)
100, Mvir EP00899 Mesostigma viride P029100

Mvir EP00899 Mesostigma viride P021565

Mvir EP00899 Mesostigma viride P028137

Marchantia polymorpha Mpol PTQ50340.1

0, Nicotiana tabacum Ntab XP 016434689.1

Nicotiana tabacum Ntab XP 016511344.1

&= bacteria (2)
bacteria (2)

%0 Hoyosella WP 013805290.1 MULTISPECIES

Alloscardovia omnicolens WP 101636173.1
Pseudoclavibacter faecalis WP 019619538.1
Akkermansia muciniphila WP 012419973.1
Acat CAMPEP 0171204974
Chrysochromulina tobinii Ctob KOO29787.1
Emiliania huxleyi CCMP1516 Ehux XP 005780508.1

bacteria (2)
Mariprofundus ferrooxydans WP 009849484.1
Magnetococcus marinus WP 011712537 .1

100

bacteria (26)

Pacificimonas flava WP 008603039.1
bacteria (2)

bacteria (3)

bacteria (6)

Micavibrio aeruginosavorus WP 014103652.1

bacteria (3)

bacteria (11)

Sneathiella glossodoripedis WP 037493818.1
Candidatus Puniceispirillum marinum WP 013047272.1
Candidatus Endolissoclinum faulkneri WP 015087924.1

bacteria (6)

Mvir EP00899 Mesostigma viride P016963

spotted fever group WP 010977582.1 MULTISPECIES
Rickettsia prowazekii WP 004599192.1

Orientia tsutsugamushi WP 012461617.1

Pico Icl|MG202007.1 ATY40892.1 27

Hmar Icl|LC515367.1 BBQ05366.1 42

100, Ntab Icl|NC 006581.1 YP 173369.1 19
Nicotiana tabacum Ntab XP 016483119.1

100

Mpol Icl|[NC 037508.1 YP 009479696.1 20
ﬂ|:Drot Icl|NC 029886.1 prot YP 009245609.1 40
Pycnococcus provasolii Ppro GHP07722.1
45993,7 Bnat Icl|HQ840955.1 prot ADV41818.1 18
Pbra Icl|LS992577.1 prot SYZ47152.1 36
100 100, Allomyces macrogynus ATCC 38327 Amac KNE54811.1
_| Allomyces macrogynus ATCC 38327 Amac KNE56461.1
100 Atwi GFYU01038661.1.p1

100|: Brettanomyces bruxellensis Dbru XP 041136469.1
Saccharomyces cerevisiae S288C Scer NP 010523.3
7 Andgo Icl|[NC 021124.1 YP 007890490.1 26

Falb rpl5 Icl
Nqua rpl5 Icl
ﬂ| Tglo IclINC 023545.1 YP 009004113.1 11
HBB2 rpl5 Icl|AQL10436.1

Mver Icl|[NC 008240.1 YP 665691.1 10

mt Jakoba libera YP 007890712.1

Noli Icl[INC 008239.1 YP 665657.1 16

Pwic Icl|[MN794237.1 Q0Z41733.1 20

mt Teleaulax amphioxeia YP 009475778.1

mt Proteomonas sulcata YP 009476704.1

Rsal Icl[NC 002572.1 NP 066461.1 8

mt Storeatula NC 037452.1 YP 009476673.1 37
Galdieria sulphuraria Gsul XP 005704082.1

Ttra Icl|[NC 026452.1 YP 009121374.1 1
84 Pkir Icl[NC 034798.1 YP 009370817.1 11
Atwi Icl|[NC 036491.1 YP 009446460.1 44

100— Pame Icl|[NC 001823.1 NP 044764.1 20
7 E mt Histiona aroides YP 007890559.1

95

mt Seculamonas ecuadoriensis YP 007890816.1

00 mt Jakoba bahamiensis YP 007890665.1
Mjak Icl|[NC 002553.1 NP 066313.1 6

—__° Mcal Icl|[NC 026311.1 YP 009118093.1 16

—— Pbil Icl|[NC 031832.1 YP 009317247.1 41
Lmar IclINC 045933.1 YP 009730072.1 28

93 98
_|_|— TelT rpl5 Icl
mt Imasa heleensis YP 010165730.1

81@0 Gthe Icl|[MH844545.1 QBJ06298.1 10
mt Cryptomonas curvata YP 009476738.1
Gnos IclINC 015117.1 YP 004222738.1 10
0 Hand Icl[NC 010637.1 YP 001874798.1 42
mt Chroomonas placoidea YP 009476635.1
mt Cyanoptyche gloeocystis YP 009092488.1
100 Cpar Icl[NC 017836.1 YP 006280832.1 15
ﬂmt Cyanophora biloba YP 010041693.1
mt Cyanophora sudae YP 010041740.1
Cowc Icl|KC573038.1 AGE93567.1 1
& I_I:Ddis Icl[NC 000895.1 NP 050097.1 31
100 | mt Dictyostelium intermedium YP 010191903.1
98 mt Dictyostelium citrinum YP 003579822.1
mt Heterostelium pallidum YP 209589.1
Acas IclINC 001637.1 NP 042551.1 28
Blasto Icl|EF494740.3 ACH86078.1 17
MASTS3i rpl5 Icl
89 mt Paravannella minima YP 009557793.1
Mbre IclINC 004309.1 NP 696982.1 19
Cmer Icl|[NC 000887.3 NP 059372.1 24
Taur Icl|AF288091.2 AAG23666.1 11
Croe Icl[VLTN0O1000170.1 KAA0145435.1 9

mt Stachyamoeba lipophora YP 009118129.1
Akon Icl[NC 026286.1 YP 009117131.1 20

QA

[T

91

7 ——
81 100
i ﬂlNgru Icl|[NC 002573.1 NP 066525.1 28
Nfow Icl[NC 021104.1 YP 007890046.1 28

83: MAST4A rpl5 Icl
mt Triparma laevis YP 009163699.1

mt Proteromonas lacertae YP 003795211.1
Cmar Icl|NC 013837.1 YP 003434247.1 40

100
|| 81— mt Heterosigma akashiwo YP 005090321.1
100: mt Aureococcus anophagefferens JAFCAI010000151.1
mt Pelagomonas calceolata YP 010152705.1
mt Schizocladia ischiensis YP 010032411.1
mt Trachydiscus minutus YP 009237667.1
100[ mt Nannochloropsis gaditana YP 007317122.1

9 mt Microchloropsis salina YP 008519369.1

—— mt Vischeria stellata YP 009579075.1

mt Aureoumbra lagunensis YP 010152745.1
Ptri Icl|HQ840789.1 ADY18520.1 23
Tpse Icl[NC 007405.1 YP 316605.1 20
mt Cafileria marina YP 009688824 .1
mt Achlya hypogyna YP 008475366.1
mt Saprolegnia ferax YP 052892.1
mt Thraustotheca clavata YP 008475390.1
00y Ainv Icl|NC 032052.1 YP 009327255.1 19
mt Aphanomyces astaci YP 009327209.1

0; mt Pseudoperonospora humuli YP 009645860.1
mt Pseudoperonospora cubensis YP 009164873.1
mt Hyaloperonospora arabidopsidis YP 010393989.1
mt Globisporangium ultimum YP 003734830.1

mt Phytopythium vexans YP 0103950371
mt Pythium insidiosum YP 009167038.1

mt Plasmopara viticola YP 009729726.1

mt Plasmopara halstedii YP 010394617.1

mt Peronospora belbahrii YP 010394028.1

mt Peronospora tabacina YP 009178770.1

mt Bremia lactucae YP 009547881.1
mt Phytophthora versiformis YP 010394774.1
mt Phytophthora agathidicida YP 010117819.1
— Maro Icl|AP019310.1 BBH42935.1 34

g ©

100 . i
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97 100— Acas Icl[NC 001637.1 NP 042554.1 31
96 —| E Candidatus Paracaedibacter symbiosus WP 032114069.1

mt Aureoumbra lagunensis YP 010152753.1

mt Balamuthia mandrillaris YP 009163145.1

Pkir Icl|NC 034798.1 YP 009370819.1 13
mt Ochromonas danica NP 066437.1
mt Synura synuroidea NP 038164.1

99
100 0 Cpar Icl[NC 017836.1 YP 006280830.1 13

mt Cyanophora sudae YP 010041738.1
mt Cyanophora biloba YP 010041691.1

Toxoplasma gondii RH Tgon NP 044553.1

15 90 Falb rpl6 Icl
mt Ministeria vibrans YP 007476199.1
mt Paulinella micropora YP 009709969.1
HBB2 rpl6 Icl|AQL10433.1
Blasto Icl|[EF494740.3 ACH86075.1 14
I 95, Taur Icl|AF288091.2 AAG23658.1 3
‘f Pfal NC 036769.1 9

00— Ccay NW 020312266.1 31

L— Eimeria tenella strain Penn State Eten NP 852630.1

mt Proteromonas lacertae YP 003795220.1

I 95 100— Ngru Icl|[NC 002573.1 NP 066528.1 31
/I _|—|; Nfow Icl|NC 021104.1 YP 007890049.1 31
mt Pleurostomum flabellatum YP 010049288.1

mt Stachyamoeba lipophora YP 009118132.1

Bnat Icl|[HQ840955.1 ADV41809.1 9

Akon Icl[NC 026286.1 YP 009117136.1 25

98

1

Nova Icl|GU057832.1 ADN85896.1 34

94 — Otri Icl|JN383843.1 AEV66652.1 37

mt Euplotes vanleeuwenhoeki YP 010117054.1
Stromb Icl|MT471315.1 QPL15894.1 10

mt Halteria grandinella YP 0100495771

mt Thuricola similis YP 010147334.1

00

— 100

99— mt Uronema marinum YP 009512653.1
99 mt Ichthyophthirius multifiliis YP 004841721.1
DO mt Tetrahymena paravorax YP 740774 .1
mt Tetrahymena pigmentosa YP 740818.1
mt Tetrahymena pyriformis NP 049581.1
190 Tthe Icl|NC 003029.1 NP 149377.1 14
mt Tetrahymena malaccensis YP 740729.1
110%0 Ddis Icl|[NC 000895.1 NP 050100.1 34
4{L mt Dictyostelium intermedium YP 010191906.1
mt Dictyostelium citrinum YP 492651.1

84

100— mt Heterostelium pallidum YP 209592.1
_|_— mt Cavenderia fasciculata YP 001876550.1

Vver Icl|[NC 013986.1 YP 003540826.1 15

MASTS3i rpl6 Icl orf17965

mt Paramoeba pemaquidensis YP 009308395.1
mt Paravannella minima YP 009557796.1

] 100 mt Polymyxa betae YP 010227882.1
4@|_— Pbra Icl|LS992577.1 SYZ47137.1 21
] mt Spongospora subterranea YP 009350046.1

Cvie Icl|[MG202006.1 ATY40848.1 6

Lmar Icl[NC 045933.1 YP 009730075.1 31

mt

10

—— TelT rpl6 Icl
100

mt Cyanoptyche gloeocystis YP 009092491.1
Gnos IclINC 015117.1 YP 004222737.1 9
mt Gloeochaete wittrockiana YP 009092434.1

Pico Icl|[MG202007.1 ATY40875.1 10
Ainv Icl[NC 032052.1 YP 009327269.1 33
mt Aphanomyces astaci YP 009327223.1
mt Achlya hypogyna YP 008475352.1
mt Saprolegnia ferax YP 052906.1
mt Thraustotheca clavata YP 008475404.1
mt Pythium insidiosum YP 009167025.1

Globisporangium ultimum YP 003734816.1

0rBt Phytopythium vexans YP 010395023.1

mt Pseudoperonospora cubensis YP 009164908.1
mt Pseudoperonospora humuli YP 009645895.1
mt Hyaloperonospora arabidopsidis YP 010394023.1

mt Peronospora tabacina YP 009178812.1

mt Bremia lactucae YP 009547918.1

mt Phytophthora versiformis YP 010394808.1
mt Phytophthora agathidicida YP 010117853.1

mt Peronospora belbahrii YP 010394062.1
mt Plasmopara viticola YP 009729765.1
mt Plasmopara halstedii YP 010394651.1

Mijak Icl[NC 002553.1 NP 066345.1 39
_:Mcal Icl|NC 026311.1 YP 009118089.1 12

Cowc Icl|[KC573038.1 GE93590.1 24
mt Cafileria marina YP 009688823.1

Pbil Icl|[NC 031832.1 YP 009317250.1 44
Nsim EP00160 Parvularia atlantis P020237

mt Imasa
100

Cmer IclINC 000887.3 NP 059356.1 8

mt Jakoba libera YP 007890709.1

heleensis YP 010165750.1

Rsal Icl[NC 002572.1 NP 066479.1 26

mt Storeatula NC 037452.1 YP 009476657.1 21
mt Proteomonas sulcata YP 009476720.1

mt Teleaulax amphioxeia YP 009475785.1
Hand Icl[NC 010637.1 YP 001874772.1 16

mt Chroomonas placoidea YP 009476616.1

Gthe Icl|[MH844545.1 QBJ06301.1 26

mt Cryptomonas curvata YP 009476751.1

mt Pelagomonas calceolata YP 010152731.1

mt Aureococcus anophagefferens JAFCAI010000151.1 KAH8042950.1 37

83

Atwi Icl[NC 036491.1 YP 009446452.1 36

Drot Icl[NC 029886.1 YP 009245618.1 49

Maro Icl|AP019310.1 BBH42965.1 63

Tglo Icl|NC 023545.1 YP 009004116.1 14

81 mt Schizocladia ischiensis YP 010032401.1
| 100— mt Trachydiscus minutus YP 009237660.1

mt Vischeria stellata YP 009579068.1

100

0, mt Microchloropsis salina YP 008519364.1

mt Nannochloropsis gaditana YP 0073171171
— mt Jakoba bahamiensis YP 007890668.1
W Andgo Icl|[NC 021124.1 YP 007890493.1 29

Noli Icl|NC

76

Mver Icl|[NC 008240.1 YP 665700.1 19
Pycnococcus provasolii Ppro GHP03212.1
008239.1 YP 665654.1 13

MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008081 g8081.t1
Galdieria sulphuraria Gsul XP 005706948.1
Ptri Icl|[HQ840789.1 ADY18513.1 16
Tpse IclINC 007405.1 YP 316598.1 13
mt Triparma laevis YP 009163719.1
Cmar Icl|NC 013837.1 YP 003434211.1 4
mt Heterosigma akashiwo YP 005090285.1
Nqua rpl6 Icl
Pwic Icl|[MN794237.1 Q0Z41732.1 19
100[ Mpol Icl|[NC 037508.1 YP 009479699.1 23
Marchantia polymorpha Mpol PTQ26965.1
100 Marchantia polymorpha Mpol PTQ28683.1
100 Nicotiana tabacum Ntab XP 016443556.1
Nicotiana tabacum Ntab XP 016484084.1
0Q Nicotiana tabacum Ntab XP 016472362.1
Nicotiana tabacum Ntab XP 016503650.1

77

79

Croe Icl|VLTN01000170.1 prot KAA0145452.1 26

96 100— saccharomyces cerevisiae $288C Scer NP 012017.1
__|_— Brettanomyces bruxellensis Dbru XP 041136356.1
100[ Allomyces macrogynus ATCC 38327 Amac KNE63817.1
Allomyces macrogynus ATCC 38327 Amac KNE71875.1
MAST4A rpl6 Icl
Bmot EP00823 Brevimastigomonas motovehiculus P004105
1 mt Seculamonas ecuadoriensis YP 007890819.1
Pame Icl|[NC 001823.1 NP 044767.1 23
mt Histiona aroides YP 007890562.1

Vbra scaffold380 63
Thecamonas trahens ATCC 50062 Ttra XP 013754762.1
100— Emiliania huxleyi CCMP1516 Ehux XP 005764822.1

Chrysochromulina tobinii Ctob KO0O28411.1
| Cvel scaffold1191 74

Candidatus Endolissoclinum faulkneri WP 015087921.1
Hmar Icl|LC515367.1 BBQ05351.1 27

bacteria (14)
100 .
bacteria (4)

1
-< bacteria (12)
100

5—< bacteria (4)
bacteria (3)
bacteria (3)

75 8i|:Chlamydia pneumoniae WP 010883271.1

Galdieria sulphuraria Gsul XP 005705010.1
Niastella koreensis WP 014220836.1
100 Dyadobacter fermentans WP 015813803.1
8 Paludibacter propionicigenes WP 013445973.1
Aequorivita sublithincola WP 014782650.1

Chlorobaculum parvum WP 041466088.1
Bnat EP00466 Bigelowiella natans PO08018
EG transcript 4233 5
Chlamydomonas reinhardtii Crei XP 001696829.1
Mvir EP00899 Mesostigma viride P010012
Marchantia polymorpha Mpol PTQ48626.1
0y Nicotiana tabacum Ntab XP 016508970.1
Nicotiana tabacum Ntab XP 016483153.1
Nicotiana tabacum Ntab XP 016433553.1

[{o)

bacteria (34)

¢4 bacteria (5)

bacteria (4)

bacteria (2)

Rsal EP00961 Rhodomonas salina P075983
bacteria (8)

Deferribacter desulfuricans WP 013008458.1
Halobacteroides halobius WP 015325943.1
Cryptobacterium curtum WP 012803362.1
Streptococcus mutans WP 002262325.1

Reticulomyxa filosa Rfil ETO34512.1
bacteria (2)

— llyobacter polytropus WP 013388229.1
—=—esmml hacteria (3)

100

—
0.50
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Pame IcI|[NC 001823.1 NP 044748.1 4
Pbil Icl]NC 031832.1 YP 009317224.1 18
mt Seculamonas ecuadoriensis YP 007890790.1
mt Jakoba bahamiensis YP 007890649.1
Pkir Icl|INC 034798.1 YP 009370828.1 22
mt Jakoba libera YP 007890732.1
Ptri Icl orf28345
Tpse Icl|orf33573
mt Histiona aroides YP 007890543.1
Ainv Icl|YP 009327277 .1
MAST4A rpl10 Icl
Cvie GILI01008145.1.p1
Gthe Icl|QBJ06323.1
— Nqua rpl10-like
_| Rsal Icl|NP 066464.1
9 TelT rpl10 Icl
HBB2 Icl|AQL10459.1
— Hand Icl|YP 001874769.1
;2: Andgo Icl|[NC 021124.1 YP 007890474.1 10
Capsaspora owczarzaki ATCC 30864 Cowc XP 004348037.1

1QQ| Homo sapiens Hsap NP 660298.2

Homo sapiens Hsap NP 683685.1
79| | Fonticula alba Falb EP00159 Fonticula alba P002172 XP 009494288.1
Allomyces macrogynus ATCC 38327 Amac KNE55339.1
Allomyces macrogynus ATCC 38327 Amac KNE59987.1
Noli Icl|orf19461
100 Ntab Icl|NC 006581.1 YP 173484.1 136
Nicotiana tabacum Ntab XP 016455877.1
00| Mpol Icl|NC 037508.1 YP 009479741.1 65
Marchantia polymorpha Mpol PTQ26919.1
Marchantia polymorpha Mpol PTQ50174.1
_|:Thecamonas trahens ATCC 50062 Ttra XP 013757608.1
Galdieria sulphuraria Gsul XP 005704221.1
89 Monosiga brevicollis MX1 Mbre XP 001749272.1
H §£E Nsim EP00160 Parvularia atlantis P003674
Pbra EP00473 Plasmodiophora brassicae P000912
100|: 3 Mcal Malawimonas californiana 03313.mRNA.1

100

100 Mjak EP00700 Malawimonas jakobiformis P002015
100 Emiliania huxleyi CCMP1516 Ehux XP 005761031.1
—::hrysochromunna tobinii Ctob KOO28491.1
94 ﬂ: Saccharomyces cerevisiae S288C Scer NP 010079.1

Brettanomyces bruxellensis Dbru XP 041139010.1
Micavibrio aeruginosavorus WP 014103677.1
Candidatus Midichloria mitochondrii WP 052567676.1
Wolbachia WP 006279539.1 MULTISPECIES
1001 Ehrlichia chaffeensis WP 006010858.1
Anaplasma centrale WP 012880956.1
bacteria (4)

Candidatus Puniceispirillum marinum WP 041860951.1
Candidatus Pelagibacter ubique WP 006996803.1
Atwi GFYU01009406.1.p1

Rhodospirillum rubrum WP 011390507.1

bacteria (21)

0w, bacteria (2)
Myxococcus WP 011553125.1 MULTISPECIES

bacteria (28)

bacteria (7)
bacteria (10)

bacteria (7)
Deferribacter desulfuricans WP 013008482.1
bacteria (5)
bacteria (4)
Turneriella parva WP 014804023.1
Elusimicrobium minutum WP 012415594 .1
100 e bacteria (2)
Anabaena cylindrica WP 015214691.1
92| Crinalium epipsammum WP 0152048971
00iL Acaryochloris marina WP 012163305.1
Stanieria cyanosphaera WP 015192977 .1

100| Mvir EP00899 Mesostigma viride P026332
% Mvir EP00899 Mesostigma viride P026331

100, Nicotiana tabacum Ntab XP 016436266.1
10011 Nicotiana tabacum Ntab XP 016437426.1
Marchantia polymorpha Mpol PTQ31135.1

Pycnococcus provasolii Ppro GHP08394.1
Chlamydomonas reinhardtii Crei XP 001696474.1
Acat CAMPEP 0171208840

Egra Gene.14989

— Bnat EP00466 Bigelowiella natans P020089
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002182524.1
Thalassiosira pseudonana CCMP1335 Tpse XP 002288521.1
Hand CAMPEP 0114126378
Guillardia theta CCMP2712 Gthe XP 005828283.1
Emiliania huxleyi CCMP1516 Ehux XP 005778429.1
Vbra 18266.t1-p1
Cvel 12987.t11-p1
Theileria annulata Tann XP 954413.1
Babesia microti strain RI Bmic XP 012647963.1
Plasmodium falciparum 3D7 Pfal XP 001351446.1
Galdieria sulphuraria Gsul XP 005703811.1
Pwic JADZLO010000003.1 2689

Cyanidioschyzon merolae strain 10D Cmer XP 005536102.1
Cpar tig00020516 g9966.t1
100; Gnos EC121931.1.p1 GENE.EC121931.1
Gnos EC121364.1.p1 GENE.EC121364.1

Neorickettsia sennetsu WP 011452064 .1

79
94

=

84
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Pwic JADZLO010000005.1 5425

Bnat EP00466 Bigelowiella natans P016418
Pycnococcus provasolii Ppro GHP09885.1
Chlamydomonas reinhardtii Crei XP 001702580.1
Mvir EP00899 Mesostigma viride P011527
Marchantia polymorpha Mpol PTQ49354.1
Nicotiana tabacum Ntab XP 016498725.1
Nicotiana tabacum Ntab XP 016496643.1

Egra Gene.29294

Ppur TRINITY DN6900 c0 g1 i1 1

Galdieria sulphuraria Gsul XP 005704995.1
Acat CAMPEP 0171188042

Acat CAMPEP 0171265458

100 Chrysochromulina tobinii Ctob KO053846.1
Emiliania huxleyi CCMP1516 Ehux XP 005777442.1
Acaryochloris WP 010475526.1 MULTISPECIES
Stanieria WP 015192979.1 MULTISPECIES
Crinalium epipsammum WP 015204899.1
Anabaena cylindrica WP 015214693.1

Nautilia WP 015901971.1 MULTISPECIES
Wolinella succinogenes WP 011138403.1
llyobacter polytropus WP 013386635.1

bacteria (9)

"« bacteria (5)
bacteria (12)

bacteria (2)
bacteria (9)

Elusimicrobium minutum WP 012415653.1
bacteria (2)

bacteria (2)
Acidithiobacillus WP 035193444.1 MULTISPECIES

93

100{ 9

bacteria (22)

bacteria (2)
bacteria (13)

bacteria (2)
bacteria (3)
bacteria (4)
Candidatus Endolissoclinum faulkneri WP 044283189.1
bacteria (3)
100, spotted fever group WP 004996639.1 MULTISPECIES
Rickettsia prowazekii WP 004597179.1
Orientia tsutsugamushi WP 012462214.1

Candidatus Midichloria mitochondrii WP 041185390.1

98|: Ehrlichia chaffeensis WP 230577182.1

100 Anaplasma centrale WP 012880958.1
Wolbachia WP 006279541.1 MULTISPECIES
Neorickettsia sennetsu WP 011452066.1
Tglo TRINITY DN1900 c0 g1 i1.p1
Andgo Icl|NC 021124.1 YP 007890472.1 8
1do 1001 Ddis Icl[NC 000895.1 NP 050087.1 21

T J(t[ mt Dictyostelium citrinum YP 492625.2

100 mt Dictyostelium intermedium YP 010191894.1
[ mt Heterostelium pallidum YP 209579.1
mt Cavenderia fasciculata YP 001876537.1
Drot Icl[NC 029886.1 YP 009245627.1 58
7 Atwi Icl|NC 036491.1 prot YP 009446451.1 35
mt Paramoeba pemaquidensis YP 009308423.1

8@ 100— Eimeria tenella strain Penn State Eten NP 852638.2
L— Cyclospora cayetanensis Ccay XP 026189598.1
Vver Icl|[NC 013986.1 YP 003540813.1 2

Ig

88 4|_— Nqua rpl11
Pkir Icl|INC 034798.1 YP 009370824.1 18

100|
100— Acas Icl[NC 001637.1 NP 042543.1 20

HBB2 Icl|AQL10460.1
mt Stachyamoeba lipophora YP 009118162.1
100 mt Pleurostomum flabellatum YP 010049279.1
ﬁliNgru IclINC 002573.1 NP 066519.1 22
Nfow Icl|[NC 021104.1 YP 007890040.1 22

97 mt Imasa heleensis YP 010165742.1

100 Mjak Icl|[NC 002553.1 NP 066310.1 3

Mcal Icl[NC 026311.1 YP 009118103.1 26
mt Jakoba bahamiensis YP 007890647 .1
mt Jakoba libera YP 007890734.1
mt Seculamonas ecuadoriensis YP 007890791.1
Pame Icl|[NC 001823.1 NP 044746.1 2
mt Histiona aroides YP 007890541.1
Maro Icl|AP019310.1 BBH42963.1 61
100 Pbil CAMPEP 0113883040
Pbil CAMPEP 0113883376
Guillardia theta CCMP2712 Gthe XP 005819718.1
Hand CAMPEP 0114151432
Rsal CAMNT 0042075977 10
Chrysochromulina tobinii Ctob KO022893.1
Emiliania huxleyi CCMP1516 Ehux XP 005761246.1
Cpar tig00000361 g24402.t1
Cyanidioschyzon merolae strain 10D Cmer XP 005539364.1
Galdieria sulphuraria Gsul XP 005705097.1
Homo sapiens Hsap NP 057134.1
100| Homo sapiens Hsap NP 733935.1
D6 Homo sapiens Hsap XP 016873624.1
] Homo sapiens Hsap NP 733934.1
——  Capsaspora owczarzaki ATCC 30864 Cowc XP 004344448.1

Mbre NW 001865050.1 5292
Nsim EP00160 Parvularia atlantis P019844

98

100 Saccharomyces cerevisiae S288C Scer NP 014214.1
9‘i|:|: Brettanomyces bruxellensis Dbru XP 041138100.1
715 Allomyces macrogynus ATCC 38327 Amac KNE57840.1

Egra Gene.103535
100: Cvie GILI01007553.1.p1
Tbru Th927.2.4740
Thecamonas trahens ATCC 50062 Ttra XP 013761578.1

10Q Nicotiana tabacum Ntab XP 016478617.1
100 Nicotiana tabacum Ntab XP 016510995.1

l Nicotiana tabacum Ntab XP 016484882.1
—| Marchantia polymorpha Mpol PTQ37508.1
1 TelT EP00656 Telonema subtile P012854
Mvir EP00899 Mesostigma viride P015956
Pycnococcus provasolii Ppro GHP04089.1
Chlamydomonas reinhardtii Crei XP 001697125.1
Pico 31156 6
100 Otri ARYC01017288.1 45
Tetrahymena thermophila SB210 Tthe XP 012655101.1
Cvie GILI01011359.1.p1
Bmot EP00823 Brevimastigomonas motovehiculus T0O06778 2
Bnat EP00466 Bigelowiella natans P017452
Cafeteria roenbergensis Croe KAA0150354.1
Pbra EP00473 Plasmodiophora brassicae P002260
Aphanomyces invadans Ainv XP 008879110.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P012983 g12983.t1
98 1QQ|: Thalassiosira pseudonana CCMP1335 Tpse XP 002286368.1
h Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002178618.1
— Blastocystis sp. ATCC 50177/Nand |l Blasto OAO14966.1
100 Perkinsus marinus ATCC 50983 Perkma XP 002786802.1
Perkinsus marinus ATCC 50983 Perkma XP 002787808.1
Hema GEMP01122250.1.p1
Vbra 10348.t1-p1
Acat CAMPEP 0171179094
Omar CAMPEP 0204326878
Theileria annulata Tann XP 953987.1
Babesia microti strain Rl Bmic XP 012649372.1
Plasmodium falciparum 3D7 Pfal XP 001347786.2
Cvel 7166.t1-p1
Toxoplasma gondii ME49 Tgon XP 002369492.1
Or Eimeria tenella Eten XP 013227866.1
Cyclospora cayetanensis Ccay XP 026192788.1

F———- Protein: rpll11; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R8
0.50

mt Balamuthia mandrillaris YP 009163134.1
L— Candidatus Paracaedibacter symbiosus WP 156962194.1



19070 mt Tetrahymena pyriformis NP 049608.1
mt Tetrahymena pigmentosa YP 740845.1
o7 mt Tetrahymena paravorax YP 740801.1

100{10Dr Tthe IclNC 003029.1 prot NP 149405.1 42
100 mt Tetrahymena malaccensis YP 740757.1
100 — mt Ichthyophthirius multifiliis YP 004841745.1
100 | mt Uronema marinum YP 0095126371
mt Thuricola similis YP 010147333.1
100 mt Paramecium aurelia NP 039495.1
100 mt Euplotes vanleeuwenhoeki YP 010117026.1
100 Stromb Icl|MT471315.1 QPL15927.1 43
98 |dOE Otri Icl[JN383843.1 AEV66700.1 86
] mt Halteria grandinella YP 010049607.1
93 Hand Icl[NC 010637.1 prot YP 001874797.1 41
mt Chroomonas placoidea YP 009476634.1
§ mt Teleaulax amphioxeia YP 009475777 .1

mt Proteomonas sulcata YP 009476703.1

100——— Rsal Icl|NC 002572.1 NP 066460.1 7

L——— mt Storeatula NC 037452.1 YP 009476674.1 38
Gthe Icl|[MH844545.1 prot QBJ06307.1 11

100
4|:mt Cryptomonas curvata YP 009476739.1

N mt Paravannella minima YP 009557792.1
mt Pleurostomum flabellatum YP 010049284.1

mt Plasmopara halstedii YP 010394616.1
100~ Ainv Icl|NC 032052.1 YP 009327256.1 20
991 mt Aphanomyces astaci YP 009327210.1
100f mt Saprolegnia ferax YP 052893.1
mt Achlya hypogyna YP 008475365.1
mt Thraustotheca clavata YP 008475391.1
mt Bremia lactucae YP 009547880.1
mt Hyaloperonospora arabidopsidis YP 010393988.1
mt Globisporangium ultimum YP 003734829.1
mt Pythium insidiosum YP 009167037.1
mt Phytopythium vexans YP 010395036.1
mt Peronospora belbahrii YP 0103940271
mt Plasmopara viticola YP 009729725.1
mt Phytophthora versiformis YP 010394773.1
mt Phytophthora agathidicida YP 010117818.1
mt Peronospora tabacina YP 009178769.1
mt Pseudoperonospora cubensis YP 009164872.1
mt Pseudoperonospora humuli YP 009645859.1
mt Paramoeba pemaquidensis YP 009308391.1

bil IclINC 031832.1 YP 009317246.1 40

7] 180 P
—doi MASTS3i rpl14 Icl
mt Proteromonas lacertae YP 003795212.1

Maro Icl|AP019310.1 BBH42928.1 26
Nova Icl|GU057832.1 ADN85884.1 22

Croe Icl[VLTN01000170.1 KAA0145434.1 8
mt Cafileria marina YP 009688829.1
Cmer Icl[NC 000887.3 NP 059373.1 25
mt Synura synuroidea NP 038193.1
88 mt Ochromonas danica NP 066443.1
5 100 Ptri Icl|HQ840789.1 ADY18519.1 22
Tpse IclINC 007405 YP 316604.1 19

mt Triparma laevis YP 009163700.1
100 mt Aureococcus anophagefferens JAFCAI010000151.1

mt Pelagomonas calceolata YP 010152704.1

mt Aureoumbra lagunensis YP 010152746.1
100: Cmar Icl|[NC 013837.1 YP 003434248.1 41

mt Heterosigma akashiwo YP 005090322.1

100 mt Microchloropsis salina YP 008519368.1
Mrachydiscus minutus YP 009237666.1
mt Vischeria stellata YP 009579074.1

100~ Ngru Icl|NC 002573.1 NP 066524.1 27
Nfow Icl|NC 021104.1 YP 007890045.1 27

Akon Icl|NC 026286.1 YP 009117130.1 19

mt Stachyamoeba lipophora YP 009118128.1

Cvie Icl|[MG202006.1 ATY40855.1 13

Pkir Icl|[NC 034798.1 YP 009370816.1 10

Mbre Icl[NC 004309.1 NP 696981.1 18
Taur Icl|AF288091.2 AAG23665.1 10

99
B ﬂ|—‘ Lmar IclINC 045933.1 YP 009730071.1 27
Falb rpl14 Icl

Nsim EP00160 Parvularia atlantis PO00619
Gnos Icl|translated contigCDS

100— Cpar Icl|NC 017836.1 YP 006280836.1 19
—Bgmt Cyanophora sudae YP 010041744.1
] mt Cyanophora biloba YP 010041697 .1
Vver IclINC 013986.1 YP 003540822.1 11
Chlamydomonas reinhardtii Crei XP 001694002.1
Bnat Icl|[HQ840955.1 ADV41820.1 20

mt Cyanoptyche gloeocystis YP 009092478.1
mt Paulinella micropora YP 009709947 .1

100
99 L— Bmot EP00823 Brevimastigomonas motovehiculus P007398

100— mt Polymyxa betae YP 010227902.1
04— Pbra Icl|LS992577.1 SYZ47151.1 35
—— mt Spongospora subterranea YP 009350067.1

Tglo IclNC 023545.1 YP 009004112.1 10
00, Homo sapiens Hsap NP 001305698.1

100 ﬂ' "' Homo sapiens Hsap NP 001305699.1

10

10

_‘_\
oo

77

EU 17 18 rpl14 Icl

98
MAST4A rpl14 Icl
mt Diacronema viridis YP 010127213.1

Noli Icl|[NC 008239.1 YP 665658.1 17
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008080 g8080.t1

Mijak Icl[INC 002553.1 NP 066311.1 4

Mcal Icl[NC 026311.1 YP 009118092.1 15

100: Brettanomyces bruxellensis Dbru XP 041138828.1
Saccharomyces cerevisiae S288C Scer NP 012751.1

95
Allomyces macrogynus ATCC 38327 Amac KNE72990.1
Reticulomyxa filosa Rfil ETO10781.1

94
100 Chrysochromulina tobinii Ctob KO053072.1
] Emiliania huxleyi CCMP1516 Ehux XP 005775765.1

Blasto Icl|EF494740.3 ACH86077.1 16
Tbru Tb927.4.930

91

TelT rpl14 Icl
mt Imasa heleensis YP 010165731.1

78] mt Schizocladia ischiensis YP 010032410.1
Pycnococcus provasolii Ppro GHP06023.1

Mver Icl|[NC 008240.1 YP 665687.1 6
mt Gloeochaete wittrockiana YP 009092428.1

100 100, Acas Icl[NC 001637.1 NP 042550.1 27
p0 Candidatus Paracaedibacter symbiosus WP 032114072.1
mt Balamuthia mandrillaris YP 009163142.1

HBB2 Icl|AQL10437.1
Pico 30903 3
t Dictyostelium citrinum YP 003579821.1

100 m
85 ﬂ[L mt Dictyostelium intermedium YP 010191902.1
100 Ddis Icl[NC 000895.1 NP 050096.1 30

99 ﬂzmt Heterostelium pallidum YP 209588.1
mt Cavenderia fasciculata YP 001876546.1
| 99 Babesia microti strain Rl Bmic YP 009363162.1
99 Plasmodium falciparum 3D7 Pfal YP 009455715.1
Toxoplasma gondii RH Tgon NP 044552.1

— 100
|OOE Eimeria tenella strain Penn State Eten NP 852628.1
Cyclospora cayetanensis Ccay XP 026189601.1

Hmar Icl|LC515367.1 BBQ05365.1 41
Atwi Icl[NC 036491.1 YP 009446423.1 7
Drot IclINC 029886.1 YP 009245616.1 47

81 Nqua rpl14
77 Ttra Icl|NC 026452.1 YP 009121395.1 22
Aper Icl|KF651061.1 AHA41664.1 28

84
4|100| Cowc Icl|KC573038.1 prot AGE93584.1 18
mt Ministeria vibrans YP 007476211.1

98 Andgo IclNC 021124.1 YP 007890489.1 25

Egra Gene.121573

mt Jakoba bahamiensis YP 007890664.1
Pame Icl|[NC 001823.1 NP 044763.1 19
mt Histiona aroides YP 007890558.1
mt Seculamonas ecuadoriensis YP 007890815.1
mt Jakoba libera YP 007890713.1
=l bacteria (4)
100, typhus group WP 004596218.1 MULTISPECIES
92[ L 'spotted fever group WP 004997813.1 MULTISPECIES
Orientia tsutsugamushi WP 012461615.1
Mvir EP00899 Mesostigma viride P016963
Marchantia polymorpha Mpol PTQ38826.1
100, Nicotiana tabacum Ntab XP 016460347.1
Nicotiana tabacum Ntab XP 016474685.1
Candidatus Midichloria mitochondrii WP 013950577 .1

bacteria (4)
Caulobacter WP 010919137.1 MULTISPECIES

90

91

bacteria (47)

B

—==ll hacteria (3)

86 Deferribacter desulfuricans WP 013008463.1
bacteria (3)

H3
bacteria (8)
84 bacteria (28
; 1(1)0% Mvir EP00899 Mesostigma viride P029100
Mvir EP00899 Mesostigma viride P021565
1

L Mvir EP00899 Mesostigma viride P028137
91] 100—— pwic JADZLO010000014.1 304

[ 6 Galdieria sulphuraria Gsul XP 005705011.1
8 Nicotiana tabacum Ntab NP 054535.2
9 Anabaena cylindrica WP 0152159211
1
10

Stanieria WP 015195223.1 MULTISPECIES
Crinalium epipsammum WP 015203290.1

92
Acaryochloris WP 010469308.1 MULTISPECIES

3
% < bacteria (9)
— Oceanithermus profundus WP 013458241.1 50S ribosomal protein L14

llyobacter polytropus WP 013388234.1

Vbra 18277 .t1-p1
100 Theileria annulata Tann XP 953057.1

Babesia microti strain Rl Bmic XP 012650325.1
Plasmodium falciparum 3D7 Pfal XP 002808701.1
Toxoplasma gondii ME49 Tgon XP 002366198.1

Hema GEMP01094788.1.p1

Omar CAMPEP 0204371922

Acat CAMPEP 0171209266
Perkinsus marinus ATCC 50983 Perkma XP 002773502.1

Eimeria tenella Eten XP 013233493.1

100

100 . i
eukaryotic proteins rpl23

F———- Protein: rpl14; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.insect+R7
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Drot Icl|NC 029886.1 YP 009245615.1 46

Cowc Icl|KC573038.1 AGE93585.1 19

Cvie Icl|[MG202006.1 ATY40844.1 2

mt Cyanoptyche gloeocystis YP 009092487 .1
Gnos Icl|NC 015117.1 YP 004222753.1 25

Aper Icl|KF651061.1 AHA41655.1 19
100|: Ehux Icl|[JN022704.1 AEI29461.1 7
mt Isochrysis galbana NC 066487.1 YP 010486786.1 17
1QQ[ Ctob Icl|KJ201908.1 AHY04431.1 20
mt Chrysochromulina parva YP 009459323.1
mt Phaeocystis globosa YP 010230021.1
mt Cafileria marina YP 009688838.1

95 Mbre IclINC 004309.1 NP 696971.1 8
9 mt Synura synuroidea NP 038186.1
82 mt Ochromonas danica NP 066424.1

77

1001~

mt Aureoumbra lagunensis YP 010152771.1
mt Pelagomonas calceolata YP 010152719.1

— mt Aureococcus anophagefferens JAFCAI010000151.1 KAH8042919.1 6
L mt Schizocladia ischiensis YP 010032380.1

99

Bmot EP00823 Brevimastigomonas motovehiculus PO07181
Cmar IclINC 013837.1 YP 003434235.1 28

mt Heterosigma akashiwo YP 005090313.1

Ptri Icl|HQ840789.1 ADY18527.1 30
Tpse IclINC 007405.1 YP 316612.1 27

mt Triparma laevis YP 009163726.1

mt Trachydiscus minutus YP 009237685.1

1001 490, mt Microchloropsis salina YP 008519381.1
100[ " 1 mt Nannochloropsis gaditana YP 0073171341

mt Vischeria stellata YP 009579055.1
Vver IclINC 013986.1 YP 003540821.1 10

0

M
— Pwic

Acas Icl[NC 001637.1 NP 042549.1 26
Lmar Icl|[NC 045933.1 YP 009730070.1 26
Blasto Icl|EF494740.3 ACH86068.1 7

Cpar Icl[NC 017836.1 YP 006280837.1 20

mt Cyanophora biloba YP 010041698.1

mt Cyanophora sudae YP 010041745.1

mt Gloeochaete wittrockiana YP 009092423.1

9S_|: Maro Icl|[AP019310.1 BBH42923.1 21

Hmar Icl|LC515367.1 BBQ05364.1 40
AST4A EP00942 MAST-04A sp MAST-4A-sp1 P007559 g7559.t1
IclIMN794237.1 Q0Z41723.1 10

96100— Noli IclINC 008239.1 YP 665659.1 18
—— MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008080 g8080.t1

|81 100, Mpol IcI|NC 037508.1 YP 009479695.1 19
BE | ﬂb Marchantia polymorpha Mpol PTQ30915.1
Nicotiana tabacum Ntab XP 016513511.1

100 Ntab Icl[NC 006581.1 YP 173411.1 62

Chlamydomonas reinhardtii Crei XP 001697987.2

&lil\/lver IclINC 008240.1 YP 665715.1 34

Pycnococcus provasolii Ppro GHP05737.1

Nsim EP00160 Parvularia atlantis P018394
Fonticula alba Falb EP00159 Fonticula alba P002574 XP 009494690.1

Q%E'I'tra IclINC 026452.1 YP 009121396.1 23

991 Ddis IclINC 000895.1 NP 050095.1 29
—9-9-'-rmt Dictyostelium citrinum YP 003579820.1

100 mt Dictyostelium intermedium YP 010191901.1
1 20|_— mt Heterostelium pallidum YP 209587.1
9L mt Cavenderia fasciculata YP 001876545.1
85 100|: Rsal Icl[NC 002572.1 NP 066459.1 6

mt Storeatula NC 037452.1 YP 009476675.1 39

95 Ppur Icl|NC 002007.1 NP 049319.1 26

mt Paulinella micropora YP 009709956.1
10Qr Tthe Icl[NC 003029.1 prot NP 149386.1 23
10 mt Tetrahymena malaccensis YP 740738.1
100 mt Tetrahymena pyriformis NP 049590.1
100 mt Tetrahymena pigmentosa YP 740827.1
100 mt Tetrahymena paravorax YP 740783.1
100 mt Ichthyophthirius multifilis YP 004841728.1
99 — mt Uronema marinum YP 009512661.1
mt Thuricola similis YP 010147343.1
99 mt Euplotes vanleeuwenhoeki YP 010117037.1
99 mt Balamuthia mandrillaris YP 009163141.1
77 100 Eimeria tenella strain Penn State Eten NP 852626.1
Toxoplasma gondii RH Tgon NP 044550.1

82 100 Otri Icl|JN383843.1 AEV66681.1 66
J|__|: mt Halteria grandinella YP 010049595.1
Stromb Icl|MT471315.1 QPL15912.1 28

Taur Icl|AF288091.2 AAG23675.1 20

mt Proteromonas lacertae YP 003795228.1

mt Ministeria vibrans YP 007476212.1

Croe Icl[VLTNO1000170.1 KAA0145444.1 18

85

Cmer Icl[NC 000887.3 NP 059374.1 26
mt Paravannella minima YP 009557791.1
100 Pbra Icl|LS992577.1 SYZ47148.1 32
0 mt Polymyxa betae YP 010227903.1
mt Spongospora subterranea YP 009350069.1

1007— Ngru Icl|NC 002573.1 NP 066523.1 26
100:&,_|; Nfow Icl|NC 021104.1 YP 007890044.1 26

—_

mt Stachyamoeba lipophora YP 009118127.1
mt Pleurostomum flabellatum YP 010049283.1

Pkir IclINC 034798.1 YP 009370815.1 9

HBB2 Icl|AQL10438.1

Bnat Icl|[HQ840955.1 ADV41817.1 17

MASTS3i rpl16 Icl

Babesia microti strain Rl Bmic YP 009363160.1

Plasmodium falciparum 3D7 Pfal YP 009455713.1

Homo sapiens Hsap NP 060310.1

mt Sphaerothecum destruens YP 009734654.1

mt Paramoeba pemaquidensis YP 009308390.1

75

100

6

99

Pico Icl|MG202007.1 ATY40904.1 39
mt Diacronema viridis YP 010127218.1

100 Hema GEMP01076898.1.p1

95 Acat CAMPEP 0171290902
Cvel 10699.t1-p1
Babesia microti strain Rl Bmic XP 012647727.1
Theileria annulata Tann XP 952739.1
Plasmodium falciparum 3D7 Pfal XP 001348214.1
Vbra_7960.t1
Perkinsus marinus ATCC 50983 Perkma XP 002787895.1
0O Eimeria tenella Eten XP 013228224 .1
Cyclospora cayetanensis Ccay XP 026190057.1
Toxoplasma gondii ME49 Tgon XP 002371540.1

100

o=

100— Tbru Tb927.7.3960
—Q&| L Cvie GILI01032557.1.p1
Dpap DIPPA 04553.mRNA.1

1 ‘1‘0'0‘[ Allomyces macrogynus ATCC 38327 Amac KNE63012.1

Allomyces macrogynus ATCC 38327 Amac KNE62015.1

Jl_— Brettanomyces bruxellensis Dbru XP 041136997 .1

Saccharomyces cerevisiae S288C Scer NP 009515.1

— Nqua rpl16

chia chaffeensis WP 011452583.1

1007 Ehrli
1_0_0.|i_— Anaplasma centrale WP 041651422.1

Wolbachia WP 010962752.1 MULTISPECIES
—— Neorickettsia sennetsu WP 011451670.1
100 Hand Icl|[NC 010637.1 YP 001874796.1 40

mt Chroomonas placoidea YP 009476633.1

TelT rpl
Pbil Icl|N

98]

100

941/ 9p 94

Andgo Ic
e bacteria (3)
Q{ bacteria (6)
bacteria (8)

10 bacteria (10)

bacteria (2)

94
64 bacteria (24)

bacteria (3)
bacteria (2)

bacteria (6)
bacteria (2)

Nicotiana tabacum Nt

bacteria (2)
bacteria (11)

bacteria (5)
bacteria (5)
bacteria (2)

Streptococcus mutans WP 0
Erysipel?HHix WP 003775199.

mt Teleaulax amphioxeia YP 009475776.1
mt Proteomonas sulcata YP 009476702.1

100 Gthe Icl|[MH844545.1 QBJ06305.1 12
_IZI:‘— mt Cryptomonas curvata YP 009476740.1
0

— Atwi IcIINC 036491.1 YP 009446464.1 48

16 Icl
C 031832.1 YP 009317245.1 39

9 Mijak Icl[NC 002553.1 NP 066347.1 41
99_| E Mcal Icl[NC 026311.1 YP 009118095.1 18

mt Imasa heleensis YP 010165721.1

7
981: Ainv IclINC 032052.1 YP 009327264.1 28
mt Aphanomyces astaci YP 009327218.1
mt Globisporangium ultimum YP 003734821.1

mt Hyaloperonospora arabidopsidis YP 010394018.1

IH mt Phytophthora versiformis YP 010394803.1

mt Pseudoperonospora cubensis YP 009164903.1
mt Peronospora belbahrii YP 010394057 .1

Bt Phytopythium vexans YP 010395028.1

mt Pythium insidiosum YP 009167030.1
mt Bremia lactucae YP 009547913.1

mt Plasmopara viticola YP 009729752.1
mt Plasmopara halstedii YP 010394646.1

mt Peronospora tabacina YP 009178807.1
mt Saprolegnia ferax YP 052901.1

mt Achlya hypogyna YP 008475357.1

mt Thraustotheca clavata YP 008475399.1
— Tglo Icl|NC 023545.1 YP 009004111.1 9

Pame Icl|[NC 001823.1 NP 044762.1 18

mt Seculamonas ecuadoriensis YP 007890814.1

mt Jakoba libera YP 007890714.1

mt Histiona aroides YP 007890557 .1
mt Jakoba bahamiensis YP 007890663.1

[INC 021124.1 YP 007890488.1 24

Sneathiella glossodoripedis WP 025899908.1

Pacificimonas flava WP 008603049.1

Candidatus Pelagibacter ubique WP 006996818.1
Mariprofundus ferrooxydans WP 009849489.1
Magnetococcus marinus WP 011712532.1

Proteobacteria WP 002633601.1 MULTISPECIES

99 EG transcript 2637 1
Marchantia polymorpha Mpol PTQ38295.1

ab NP 054536.1

Mvir EP00899 Mesostigma viride P028137
Mvir EP00899 Mesostigma viride P029100
Mvir EP00899 Mesostigma viride P021565
Acaryochloris WP 010469314.1 MULTISPECIES
Stanieria cyanosphaera WP 015195226.1
Crinalium epipsammum WP 015203293.1
Anabaena cylindrica WP 015215918.1

Carboxydothermus WP 011345184.1 MULTISPECIES

02262333.1
1 MULTISPECIES

4 eukaryotic ribosomal protein L10

F—— Protein: rpl16; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R8
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84 bacteria (12)
— Galdieria sulphuraria Gsul XP 005705010.1
97 Andgo Icl|[NC 021124.1 YP 007890494.1 30

99 mt Seculamonas ecuadoriensis YP 007890820.1
81 |: Pame Icl|[NC 001823.1 NP 044768.1 24
94 mt Histiona aroides YP 007890563.1

79
| 77 mt Jakoba bahamiensis YP 007890669.1
4'; Mjak IclINC 002553.1 prot NP 066344.1 38
Mcal Icl orf13540

« bacteria (5)
Rsal EP00961 Rhodomonas salina P075983

Syntrophobacter fumaroxidans WP 011698428.1
Mvir EP00899 Mesostigma viride P019950
B400, Nicotiana tabacum Ntab XP 016446106.1
Nicotiana tabacum Ntab XP 016513954.1

7| Marchantia polymorpha Mpol PTQ36989.1
100, Nicotiana tabacum Ntab XP 016487259.1

Nicotiana tabacum Ntab XP 016459521.1

-4 bacteria (5)

bacteria (2)
Emiliania huxleyi CCMP1516 Ehux XP 005782402.1

Emiliania huxleyi CCMP1516 Ehux XP 005757051.1
Ctob JWZX01002896.1 19

Cyclospora cayetanensis Ccay XP 026192288.1
Eimeria tenella Eten XP 013232689.1
Toxoplasma gondii ME49 Tgon XP 018635870.1

Cvel 31395.t1-p1

Vbra 19702.t1-p1
Plasmodium falciparum 3D7 Pfal XP 966121.1

Babesia microti strain Rl Bmic XP 021338311.1
Theileria annulata Tann XP 954810.1
— Mvir EP00899 Mesostigma viride P016963

fyma Sphaerobacter thermophilus WP 012871535.1

83:5— bacteria (3)

) EG transcript 19604 6

Bnat EP00466 Bigelowiella natans P019411

Melioribacter roseus WP 014854881.1
Chlorobaculum parvum WP 198002638.1

Desulfatibacillum alkenivorans WP 073478316.1

bacteria (9)
I — Isosphaera pallida WP 044251947 .1

bacteria (3)
Pwic JADZL.O010000007.1 180

7] E Acidimicrobium ferrooxidans WP 015797883.1

8 bacteria (2)
— Magnetococcus marinus WP 011712541.1
Nicotiana tabacum Ntab XP 016478818.1

Nicotiana tabacum Ntab XP 016448415.1
Marchantia polymorpha Mpol PTQ37564.1
Marchantia polymorpha Mpol PTQ33863.1
Nicotiana tabacum Ntab XP 016433273.1
Nicotiana tabacum Ntab XP 016447250.1
100[ Nicotiana tabacum Ntab XP 016482292.1
92 Nicotiana tabacum Ntab XP 016494769.1
Mvir EP00899 Mesostigma viride P022601
Marchantia polymorpha Mpol PTQ42040.1
00 Nicotiana tabacum Ntab XP 016441281.1
Nicotiana tabacum Ntab XP 016462379.1
Nicotiana tabacum Ntab XP 016444516.1
Nicotiana tabacum Ntab XP 016473453.1
Pbil CAMPEP 0113875804
100| Nicotiana tabacum Ntab XP 016474500.1
Nicotiana tabacum Ntab XP 016473463.1
Pycnococcus provasolii Ppro GHP10017.1
Cyanidioschyzon merolae strain 10D Cmer XP 005538538.1
Galdieria sulphuraria Gsul XP 005703077.1
Capsaspora owczarzaki ATCC 30864 Cowc XP 004363285.1
Monosiga brevicollis MX1 Mbre XP 001743399.1
Homo sapiens Hsap NP 054880.2
Turneriella parva WP 014803710.1
Wolinella succinogenes WP 011139512.1
Nautilia profundicola WP 015902396.1
Neorickettsia sennetsu WP 011451679.1
Anaplasma centrale WP 012880546.1
Wolbachia WP 006279867.1 MULTISPECIES
Ehrlichia chaffeensis WP 011452592.1
1001 Rickettsia prowazekii WP 004596225.1
spotted fever group WP 004997824.1 MULTISPECIES
Orientia tsutsugamushi WP 012461621.1

84

0

98

97

00

bacteria (29)

bacteria (25)

F— Protein: rpl18; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+G4

0.50



100~ Perkinsus marinus ATCC 50983 Perkma XP 002776480.1

Perkinsus marinus ATCC 50983 Perkma XP 002767578.1

Acat CAMPEP 0171181714

Hema GEMP01058402.1.p1

Omar CAMPEP 0204333858

Plasmodium falciparum 3D7 Pfal XP 966090.2

Vbra 6966.t1-p1

Cvel 15858.t1-p1

Toxoplasma gondii ME49 Tgon XP 002364606.2

00— Cyclospora cayetanensis Ccay XP 026192457.1

Eimeria tenella Eten XP 013227782.1

Theileria annulata Tann XP 952995.1

Babesia microti strain RI Bmic XP 021337528.1

4100|j Brettanomyces bruxellensis Dbru XP 041138135.1
Saccharomyces cerevisiae S288C Scer NP 009975.1

Homo sapiens Hsap NP 055578.2

Cvie GILI01001589.1.p1 GENE.GILI01001589.1

Bnat EP00466 Bigelowiella natans P005184

Acas rpl19 Icl

96

Atwi Icl[NC 036491.1 YP 009446428.1 12
mt Imasa heleensis YP 010165741.1
Cpar tig00020614 g12160.t1

Jl— Nova EP00826 Nyctotherus ovalis P026458

Tetrahymena thermophila SB210 Tthe XP 0010207871
| ﬂ: Emiliania huxleyi CCMP1516 Ehux XP 005779878.1
98 Chrysochromulina tobinii Ctob KO0O27330.1

1001 TelT EP00656 Telonema subtile P057488

TelT EP00656 Telonema subtile P057491
—— TelT EP00656 Telonema subtile P057489

91 Capsaspora owczarzaki ATCC 30864 Cowc XP 004364315.1
2 Allomyces macrogynus ATCC 38327 Amac KNE69160.1
Nsim EP00160 Parvularia atlantis P021533

Fonticula alba Falb EP00159 Fonticula alba P000324 XP 009492440.1
Bmot EP00823 Brevimastigomonas motovehiculus P003194
Monosiga brevicollis MX1 Mbre XP 001749794 .1
Cyanidioschyzon merolae strain 10D Cmer XP 005535679.1

177 Vver Icl[NC 013986.1 YP 003540853.1 42
00 Andgo Icl|NC 021124.1 YP 007890499.1 35
Rsal CAMNT 0042082127 1
100 _|:Guillardia theta CCMP2712 Gthe XP 005818403.1

100, Hand CAMPEP 0114151536
Hand CAMPEP 0172046510

Maro Icl]AP019310.1 BBH42943.1 41
Taur BLSG01000435.1 223
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO12726.1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P007081 g7081.t1
Aphanomyces invadans Ainv XP 008877626.1
Pbra EP00473 Plasmodiophora brassicae P009654
Cafeteria roenbergensis Croe KAA0149997 .1
Thalassiosira pseudonana CCMP1335 Tpse XP 002287143.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002177428.1
1 Ttra Icl|NC 026452.1 YP 009121403.1 30

Reticulomyxa filosa Rfil ETN97894.1
Chlamydomonas reinhardtii Crei XP 001700862.1
Galdieria sulphuraria Gsul XP 005704021.1

100 100, Nicotiana tabacum Ntab XP 016481016.1

Nicotiana tabacum Ntab XP 016513675.1
Marchantia polymorpha Mpol PTQ47902.1
100[ Nicotiana tabacum Ntab XP 016479212.1
Nicotiana tabacum Ntab XP 016464882.1
100: Mjak Icl|[NC 002553.1 NP 066331.1 25
Mcal Icl|[NC 026311.1 YP 009118110.1 33
100 Pame Icl|[NC 001823.1 NP 044776.1 32
85 mt Histiona aroides YP 007890571.1
4 Tglo Icl|NC 023545.1 YP 009004139.1 37
mt Seculamonas ecuadoriensis YP 007890778.1
Mvir EP00899 Mesostigma viride P025429
Pycnococcus provasolii Ppro GHP12060.1

80 84

D8
—=milil] bacteria (6)
Snegéhiella glossodoripedis WP 025896928.1

Noli Icl orf19472
Mariprofundus ferrooxydans WP 009849330.1

5 Desulfatibacillum alkenivorans WP 073477260.1
—— hacteria (2)

bacteria (8)

100—— Acar EP00971 Amphidinium carterae P284509
100, Acat CAMPEP 0171207572
o Acat CAMPEP 0171202256
82 bacteria (5)
Rubrobacter xylanophilus WP 011564372.1
Carboxydothermus WP 011344335.1 MULTISPECIES
bacteria (2)
bacteria (3)
bacteria (6)
bacteria (4)
Halobacteroides halobius WP 015326330.1
Syntrophobacter fumaroxidans WP 041442878.1
Acetivibrio clariflavus WP 014255011.1

T o bacteria (2)
81— Turneriella parva WP 041948893.1
gd—— Nova EP00826 Nyctotherus ovalis P024996

Chlamydomonas reinhardtii Crei XP 001693062.1

Ppur TRINITY DN3991 c0 g1i3 2

Thalassiosira pseudonana CCMP1335 Tpse XP 002297521.1
Pwic JADZLO010000014.1 298

EG transcript 19916 2

Stanieria cyanosphaera WP 041619272.1

Crinalium epipsammum WP 015204903.1

Anabaena cylindrica WP 015214696.1

Acaryochloris WP 010475520.1 MULTISPECIES

bacteria (55)

F— Protein: rpl19; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+R6
0.50



Plasmodium falciparum 3D7 Pfal XP 001348883.1
Theileria annulata Tann XP 952325.1
Babesia microti strain RI Bmic XP 012650183.1
Toxoplasma gondii ME49 Tgon XP 002370133.1
Ccay NW 020312458.1 147

Eten NW 013542523.1 36

Cvel 16670.t1-p1

Vbra 2915.11-p1
Perkinsus marinus ATCC 50983 Perkma XP 002780714.1

100
Hema GEMP01116171.1.p1
79 —— Omar CAMPEP 0204371712
1 Pycnococcus provasolii Ppro GHP09612.1

Tetrahymena thermophila SB210 Tthe XP 001012463.1
Dictyostelium discoideum AX4 Ddis XP 644502.1
92 Atwi Icl|NC 036491.1 YP 009446432.1 16
Galdieria sulphuraria Gsul XP 005705481.1
Ppur TRINITY DN7664 c0 g1 i1 1
Vver EP00029 Vermamoeba vermiformis P014693
Emiliania huxleyi CCMP1516 Ehux XP 005774708.1
Gnos EC120073.1.p1
Egra Gene.122471 EG transcript 37938 g.122471
Dpap DIPPA 26689.mRNA.1
HBB2 EP01027 Heterolobosea sp BB2 P007456
Naegleria fowleri Nfow XP 044563254.1
Naegleria gruberi Ngru XP 002674253.1
1 Hand CAMPEP 0172038234
—QQ&: Rsal CAMNT 0042082355 1
m Guillardia theta CCMP2712 Gthe XP 005841149.1
100 Nicotiana tabacum Ntab XP 016466759.1
10% Nicotiana tabacum Ntab XP 016487793.1

100 Marchantia polymorpha Mpol PTQ49651.1
— Mvir EP0O0899 Mesostigma viride P017239

Bnat EP00466 Bigelowiella natans P008171

~|i_— Bmot EP00823 Brevimastigomonas motovehiculus P009515
n Chlamydomonas reinhardtii Crei XP 001689789.1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P000209 g209.t1
75 _|jwe GILI01006036.1.p1
1 Reticulomyxa filosa Rfil ETO20496.1
100 Homo sapiens Hsap NP 060441.2
L Homo sapiens Hsap NP 001305414.1
Acanthamoeba castellanii str. Neff Acas XP 004347755.1

Capsaspora owczarzaki ATCC 30864 Cowc XP 004347350.1

97— Nova EP00826 Nyctotherus ovalis P001374
1 Nova EP00826 Nyctotherus ovalis PO01377
100~ Nova EP00826 Nyctotherus ovalis PO01375

Nova EP00826 Nyctotherus ovalis PO01376
_|:Pbra EP00473 Plasmodiophora brassicae P002080
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO16693.1
81 Taur BLSG01000084.1 269
8 Cafeteria roenbergensis Croe KAA0148749.1
Aphanomyces invadans Ainv XP 008867841.1
TelT EP00656 Telonema subtile P054445
Thalassiosira pseudonana CCMP1335 Tpse XP 002286390.1
Pico 46896 6
Andgo Icl[NC 021124.1 YP 007890528.1 64
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002184945.1
mt Jakoba libera YP 007890696.1
mt Seculamonas ecuadoriensis YP 007890799.1
mt Histiona aroides YP 007890580.1
— Pame Icl[NC 001823.1 NP 044786.1 42

91 mt Jakoba bahamiensis YP 007890631.1
82 Cmer IclNC 000887.3 NP 059368.1 20

Lo mt Imasa heleensis YP 010165755.1
_97‘5_|:Mjak IclIINC 002553.1 NP 066319.1 12
Mcal IcING 026311.1 YP 009118088.1 11

D2 Thecamonas trahens ATCC 50062 Ttra XP 013761716.1
_|:I'glo TRINITY DN257 c0 g1 i3.p1
SHZI_E Wolbachia WP 010962891.1 MULTISPECIES

©
Co

Ehrlichia chaffeensis WP 006010467.1
Anaplasma WP 010262430.1
Neorickettsia sennetsu WP 011451616.1

bacteria (5)
bacteria (4)
bacteria (9)

bacteria (15)
bacteria (2)

bacteria (29)

bacteria (7)

Myxococcus WP 011553618.1 MULTISPECIES

1 Acat CAMPEP 0171178828

Acar EP00971 Amphidinium carterae P142299
Deferribacter desulfuricans WP 013008207.1

90 Drot Icl|NC 029886.1 YP 009245575.1 6
| Hippea maritima WP 013681319.1

D0 e acteria 2)

< bacteria (13)

97
91

Ctob JWZX01003345.1 2

Pwic JADZLO010000014.1 292

Cpar QPMI01000706.1 81

Nicotiana tabacum Ntab NP 054524.1

99 Stanieria cyanosphaera WP 015193118.1
Anabaena cylindrica WP 015217013.1

Crinalium epipsammum WP 015204734.1

Acaryochloris WP 010477428.1 MULTISPECIES

bacteria (2)
bacteria (13)

F— Protein: rpl20; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R4

0.50



110% Hema GEMP01131285.1.p1
4 Perkma XP 002774708.1

Perkma XP 002767115.1
1001 Nova EP00826 Nyctotherus ovalis PO00141

Iﬁb Nova EP00826 Nyctotherus ovalis P057287
Nova EP00826 Nyctotherus ovalis P057285
Omar CAMPEP 0204255702

Cvel 19395.t1-p1
Pfal XP 001349974.1

Rfil ETO30631.1
100~ Eten XP 013231751.1
Ccay XP 026192932.1
Vbra 12506.t1-p1
Tgon XP 0186377041
Bmic XP 012649673.1
Tann XP 955378.1
00, Acar EP00971 Amphidinium carterae P004477

Acar EP00971 Amphidinium carterae P223508
Acat CAMPEP 0171178174

Acat CAMPEP 0171242930
Acat CAMPEP 0171177860
Acat CAMPEP 0171179624
Acat CAMPEP 0171169574
Acat CAMPEP 0171187456
Acat CAMPEP 0171236170
98[100 MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P009187
Omar CAMPEP 0204437138
Ainv XP 008877446.1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P006008

Cvie GILI01000238.1.p1
Croe KAA0148172.1
Ppur TRINITY DN2355 c0 g1 i1.p2

Tpse XP 002291542.1
100 Blasto OAO13238.1

Blasto OAO17057.1
Rsal EP00961 Rhodomonas salina P002751

Gthe XP 005822281.1

Hand CAMPEP 0172015062
110%0 Ppur TRINITY DN37 c0 g1 i3.p1

Ppur TRINITY DN37 c0 g1i1.p1
Ppur TRINITY DN37 c0 g1 i2.p1
100|- Nqgua Colp44 TRINITY DN5972 c0 g1 TRINITY DN5972 c0 g1 i1 g.19821 m.19821
Nqua Colp41 TRINITY DN6083 c0 g1 TRINITY DN6083 c0 g1 i1 g.67432 m.67432
99 TelT EP00656 Telonema subtile P040409
88 TelT EP00656 Telonema subtile P000268
TelT EP00656 Telonema subtile P000272
TelT EP00656 Telonema subtile P000271
TelT EP00656 Telonema subtile P000267

Cpar tig00000037 g10108.t1

Gnos EC122803.1.p1
100, Pbil CAMPEP 0113898786

Pbil CAMPEP 0113893882
Mvir EP00899 Mesostigma viride P020430

Ppro GHP04207.1
Crei XP 001695451.1
Mpol PTQ42782.1
Ntab XP 016514475.1

Ntab XP 016437808.1
Ntab XP 016484654.1
Ntab XP 016475086.1
Ntab XP 016446247.1

Ntab XP 016511587.1
Ntab XP 016499602.1

Ntab XP 016448486.1
Ntab XP 016448485.1
10Q Ntab XP 016503883.1

Ntab XP 016503882.1
Dpap DIPPA 21520.mRNA.1

100
i ﬂ:EDpap DIPPA 21312.mRNA.1
Egra Gene.127067 EG transcript 42001 g.127067 m.127067
Ppur TRINITY DN677 c0 g1 i1.p1

A998 — ctob KO0O28950.1
0P Pico 72566 5
9 Ehux XP 005790584.1
Pico 15992 2

16 Gsul XP 005708806.1
_|jm:as XP 004337603.1
00, Rame EP00694 Reclinomonas americana P002507

1
_| |: Rame EP00694 Reclinomonas americana P005960
Ddis XP 629099.1
Pbra EP00473 Plasmodiophora brassicae P000483

Bmot EP00823 Brevimastigomonas motovehiculus PO00367

1 | 1OOE Hema GEMP01091845.1.p1
Hema GEMP01115073.1.p1
100~ Ngru XP 002682293.1

1 o Nfow XP 0445687331
Pkir EP00761 Pharyngomonas kirbyi P008380
HBB2 EP01027 Heterolobosea sp BB2 P026975

Andgo 03281.mRNA.1
Tbru Tb927.7.5170 mRNA-p1

100
4| 100, TelT EP00656 Telonema subtile P037512
Atwi GFYU01004344.1.p1
Tglo TRINITY DN39 c0 g1 i7.p1

98— Tglo TRINITY DN39 c0 g1 i13.p1
100 Tglo TRINITY DN39 c0 g1 i3.p2
Tglo TRINITY DN39 c0 g1 i6.p1
9 Tglo TRINITY DN39 c0 g1 i8.p1
89| Tglo TRINITY DN39 c0 g1i11.p1
og Tglo TRINITY DN494 c0 g1 i4.p1
Tglo TRINITY DN494 c0 g1 i1.p1
Tglo TRINITY DN494 c0 g1 i2.p1
1 Vver EP00029 Vermamoeba vermiformis P0O00320
99 Mcal Malawimonas californiana 05500.mRNA.1
_@‘Ek EPO00700 Malawimonas jakobiformis PO00857
Mjak EP00700 Malawimonas jakobiformis P000292
Nsim EP00160 Parvularia atlantis P004175
Falb EP00159 Fonticula alba P000652
Cowc XP 004364786.1

Hsap NP 000975.2
Amac KNE69687.1

10 r
Amac KNE68178.1
er NP 014514.1

95
100 — s¢
— L Dbru XP 041137760.1
Bnat EP00466 Bigelowiella natans PO06083

Cmer XP 005536651.1
100 P‘|99E Cvie GILI01007635.1.p2
Ttra XP 013759916.1
Mbre XP 001750022.1

P00002 Diphylleia rotans PO07956

100 100[ Drot E
Drot EP00002 Diphylleia rotans PO07962

Tthe XP 001019674.1
Cpar tig00020965 g16831.11
Blasto OA016134.1
Mbre XP 001742856.1
99 Tthe XP 001031557.1
Pbil CAMPEP 0113877768

00
77
Croe KAA0152023.1
100, Hand CAMPEP 0172028222

8 1 0
100 _|00 I— Hand CAMPEP 0172071212
Gthe XP 005826975.1
Rsal EP00961 Rhodomonas salina P176786

87
Ttra XP 013758871.1
Ntab XP 016507228.1

03
109
100" Ntab XP 016507226.1
Ntab XP 016507227.1
87| Ntab XP 016507230.1
Ntab XP 016470539.1
i 1008 Ntab XP 016477457.1
100 Ntab XP 016435918.1
Ntab XP 016509775.1

— Mpol PTQ36224.1
Crei XP 001697169.2
Gsul XP 005706675.1

78
100
Cmer XP 005537264.1
ob KO0O53079.1

98—t
' Ehux XP 005785951.1

100 Ptri XP 002177223.1
_|—|; Tpse XP 002291250.1
1 Pbra EP00473 Plasmodiophora brassicae P002186
Ainv XP 008872396.1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P000308
Atwi GFYU01012973.1.p1
TelT EP00656 Telonema subtile P054064
Mcal Malawimonas californiana 06485.mRNA.1

Ddis XP 643479.1

76
' Acas XP 004340184.1

Cvie GILI01004313.1.p1
891 Hsap XP 011518575.1

9491 Hsap XP 011518577.1
100 Hsap XP 011518578.1
Hsap XP 006718334.1

00, Hsap XP 006724959.1

100
Hsap NP 066957.3
Bnat EP00466 Bigelowiella natans P016188

76

[{o)

100

78

Cowc XP 004346712.2
100 Nsim EP00160 Parvularia atlantis P003332
—
100

Amac KNE73336.1
98 Ngru XP 002683108.1
_| L Nfow XP 0445591241
80 79 HBB2 EP01027 Heterolobosea sp BB2 P003996
N 91 98I Pkir EP00761 Pharyngomonas kirbyi P012706
Andgo 01054.mRNA.1
79 Drot Icl[YP 009245602.1
Tglo TRINITY DN382 c0 g1 i1.p1

100~ Nqua Colp41 TRINITY DN25021 c0 g1 TRINITY DN25021 c0 g1 i1 g.16403 m.16403

94 L
L Nqua Colp44 TRINITY DN2859 c0 g1 TRINITY DN2859 c0 g1 i1 g.11668 m.11668
Vver EP00029 Vermamoeba vermiformis PO00639

Cvel 5053.t1-p1
100 Acat CAMPEP 0171209620

Acat CAMPEP 0171260320
Acar EP00971 Amphidinium carterae P119715

100 100
Hema GEMP01046079.1.p1
Perkma XP 002786653.1

Omar CAMPEP 0204360814

Tann XP 953644.1
Bmic XP 012648932.1

Vbra 895.11-p1
Pfal XP 001350785.1
Tgon XP 018637081.1

Ccay XP 026192386.1
Eten XP 013230060.1

87

Chlamydia pneumoniae WP 010883283.1

bacterial ribosomal protein L23 (33)

netococcus marinus WP 011712527 .1
Mariprofundus ferrooxydans WP 009849494 .1

99| [ Mg
— Acat CAMPEP 0171192502

Deinococcus WP 011530990.1
Acaryochloris WP 010469320.1
100, Ntab Icljorf25194
L Ntab NP 054541.1

100
rinalium epipsammum WP 015203298.1

91 C
3’{5 Stanieria WP 015195231.1
Anabaena cylindrica WP 015215913.1

bacterial ribosomal protein L23 (61)

Protein: rpl23; alignment timming: ClipKIT; IQ-TREE2 best-fit model: WAG+R7

—
0.50



95 Pame Icl[NC 001823.1 prot NP 044787.1 43
mt Histiona aroides YP 007890582.1
mt Seculamonas ecuadoriensis YP 007890800.1
Nqua rpl27
Atwi Icl|NC 036491.1 prot YP 009446422.1 6
mt Jakoba libera YP 007890697.1
Andgo Icl|[NC 021124.1 prot YP 007890534.1 70
Tglo TRINITY DN312 c0 g1i2 1
mt Jakoba bahamiensis YP 007890630.1
Cyanidioschyzon merolae strain 10D Cmer XP 005537939.1
o HBB2 EP01027 Heterolobosea sp BB2 P003521
Pkir EP00761 Pharyngomonas kirbyi PO00338
100~ Naegleria fowleri Nfow XP 044568819.1
— Naegleria gruberi Ngru XP 002681793.1

Homo sapiens Hsap NP 057588.1
Cafeteria roenbergensis Croe KAA0157694.1

ﬂ|——8rettanomyces bruxellensis Dbru XP 041136335.1
| Saccharomyces cerevisiae S288C Scer NP 014393.1
99190 Otri ARYC01000483.1 16
86 Tetrahymena thermophila SB210 Tthe XP 001033245.2
93 Reticulomyxa filosa Rfil ETO09670.1
Bmot EP00823 Brevimastigomonas motovehiculus P0O08265

Pico 22596 2
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002179149.1

100
78 _|——Thalassiosira pseudonana CCMP1335 Tpse XP 0022883041
einhardtii Crei XP 042928924.1

£|7 Chlamydomonas r
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P005150

Vbra scaffold380 23
I Acar JAAMXWO010247649.1 1

| Cvel 16191.t1-p1

eileria annulata Tann XP 954920.1

|
S —,
83 Babesia microti strain Rl Bmic XP 012650127 .1
Plasmodium falciparum 3D7 Pfal XP 001347616.1

Toxoplasma gondii ME49 Tgon XP 002370162.1
Aphanomyces invadans Ainv XP 008862054.1

100~ Blastocystis sp. ATCC 50177/Nand Il Blasto OAO12524.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO18032.1

Drot EP00002 Diphylleia rotans P017555
Vver EP00029 Vermamoeba vermiformis P014694
Acanthamoeba castellanii str. Neff Acas XP 004334942.1

Cvie GILI01006238.1.p1
Isosphaera pallida WP 013564563.1

Chrysochromulina tobinii Ctob KO026237.1

Emiliania huxleyi CCMP1516 Ehux XP 005774969.1

91

P%cnococcus provasolii Ppro GHP09059.1
100, Acat CAMPEP 0171245322

I Acat CAMPEP 0171208188
— Plasmodium falciparum 3D7 Pfal XP 001351231.1

Theileria annulata Tann XP 952066.1
100, perkinsus marinus ATCC 50983 Perkma XP 002779809.1

Perkinsus marinus ATCC 50983 Perkma XP 002774972.1
Hema GEMP01088400.1.p1
Babesia microti strain Rl Bmic XP 012648712.1
001 Cyclospora cayetanensis Ccay XP 022590376.2
Eimeria tenella Eten XP 013231489.1

Toxoplasma gondii ME49 Tgon XP 002365411.2
Egra Gene.111300 EG transcript 30290 g.111300 m.111300

98 100

| 100

100 99 Rsal CAMNT 0042057649 5
85 Guillardia theta CCMP2712 Gthe XP 005823732.1
Hand CAMPEP 0169453946
Pbil CAMNT 0000869085 1
99, Nicotiana tabacum Ntab XP 016514853.1

|| 99l Nicotiana tabacum Ntab XP 016511000.1
97 Nicotiana tabacum Ntab XP 016449174.1
icotiana tabacum Ntab XP 016496665.1

78
—— Marchantia polymorpha Mpol PTQ32165.1
Dictyostelium discoideum AX4 Ddis XP 647803.1
Mvir EP00899 Mesostigma viride P020067
Pbra EP00473 Plasmodiophora brassicae P0O01516
90 Fonticula alba Falb EP00159 Fonticula alba P003768 XP 009495884 .1

Capsaspora owczarzaki ATCC 30864 Cowc XP 004347523.2
Nsim EP00160 Parvularia atlantis P0O00437

00, Allomyces macrogynus ATCC 38327 Amac KNE70283.1
Allomyces macrogynus ATCC 38327 Amac KNE67726.1

Monosiga brevicollis MX1 Mbre XP 001742612.1
Galdieria sulphuraria Gsul XP 005706392.1

—

[{e]
A
O

MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P007382 g7382.11

Mcal scaffold00016 66
_| E Thecamonas trahens ATCC 50062 Ttra XP 013758288.1
Cpar tig00021428 g21145.11

100 spotted fever group WP 004997475.1 MULTISPECIES
Rickettsia prowazekii WP 004596998.1

Orientia tsutsugamushi WP 012462169.1

Candidatus Pelagibacter WP 006997689.1 MULTISPECIES

Candidatus Midichloria mitochondrii WP 013950800.1

Anaplasma centrale WP 012880737.1

Ehrlichia chaffeensis WP 006010551.1

Wolbachia WP 010962388.1 MULTISPECIES

Neorickettsia sennetsu WP 011452269.1

Bnat EP00466 Bigelowiella natans P020717

bacteria (25)

— Candidatus Paracaedibacter symbiosus WP 032112182.1

D
{ bacteria (17)

- bacteria (7)

bacteria (3)
Dyadobacter WP 015814325.1 MULTISPECIES

Aequorivita sublithincola WP 014782096.1
Paludibacter propionicigenes WP 013444797 .1
Niastella koreensis WP 014216884.1

Cpar tig00022075 g23608.t1
Bnat EP00466 Bigelowiella natans P005710

Pwic JADZLO010000008.1 11661
Chlamydomonas reinhardtii Crei XP 001691433.1
Pycnococcus provasolii Ppro GHP08034.1
Nicotiana tabacum Ntab XP 016449079.1
Marchantia polymorpha Mpol PTQ42878.1

Mvir EP00899 Mesostigma viride PO00359

bacteria (35)

Protein: rpl27; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+R6

0.50



bacteria (50)

Gsul NW 005178440.1 186
Stanieria WP 015195204.1
100} Acaryochloris WP 010480591.1
Crinalium epipsammum WP 015203271.1
00! L Anabaena cylindrica WP 015215938.1
Pycnococcus provasolii Ppro GHP03298.1
Bnat EP00466 Bigelowiella natans P016047
Egra Gene.85013 EG transcript 18705 g.85013 m.85013
Chlamydomonas reinhardtii Crei XP 001696120.1
0 Nicotiana tabacum Ntab XP 016478503.1
Nicotiana tabacum Ntab XP 016453574.1
74— Carboxydothermus WP 011345431.1 MULTISPECIES

8 [‘ bacteria (11)

10Q{== bacteria (2)

—=mmm hacteria (2)
llyobacter polytropus WP 013387865.1
100 Rsal Icl|NC 002572.1 NP 066463.1 10
mt Storeatula NC 037452.1 YP 009476655.1 19
mt Triparma laevis YP 009163729.1
Pbra Icl orf30601
mt Proteomonas sulcata YP 009476718.1
mt Teleaulax amphioxeia YP 009475787 .1
90 ﬂ:Hand Icl|NC 010637.1 YP 001874770.1 14
mt Chroomonas placoidea YP 009476614.1
Pbil rpl31 Icl

37 mt Cryptomonas curvata YP 009476753.1
80 1 g TelT Icl orf169

MAST4A Icl|orf97
_9'04@|:Cpar Icl|translated contig CDS

mt Cyanophora sudae YP 010041733.1
— mt Seculamonas ecuadoriensis YP 007890828.1

Pame Icl|[NC 001823.1 NP 044811.1 67
mt Histiona aroides YP 007890608.1
Atwi Icl|NC 036491.1 YP 009446450.1 34
Mijak Icl[NC 002553.1 NP 066316.1 9
Mcal Icl orf13464
Andgo Icl[NC 021124.1 YP 007890536.1 72
Nsim EP00160 Parvularia atlantis P016504

Nqua rpl31 Icl
00 Brettanomyces bruxellensis Dbru XP 041137117.1
Saccharomyces cerevisiae S288C Scer NP 009680.2
Drot Icl|NC 029886.1 YP 009245571.1 2
100; Allomyces macrogynus ATCC 38327 Amac KNE62492.1

Allomyces macrogynus ATCC 38327 Amac KNE65827.1
Ppur TRINITY DN17068 c0 g1 i1.p3

1 Rickettsia prowazekii WP 004596473.1
Rickettsia conorii WP 010976814.1
Orientia tsutsugamushi WP 012462202.1
o Mvir RPFO01000392.1 11622

mt Jakoba bahamiensis YP 007890676.1
—— Pycnococcus provasolii Ppro GHP07715.1
mt Jakoba libera YP 007890755.1
5 Neorickettsia sennetsu WP 011451893.1
‘I_QQ?hrlichia chaffeensis WP 006010011.1

Anaplasma WP 012881047.1 MULTISPECIES
100 Ehux NW 005199577.1 649
Chrysochromulina tobinii Ctob KOO35537.1
Wolbachia WP 007548602.1 MULTISPECIES

Candidatus Midichloria mitochondrii WP 013951053.1
Parvularcula bermudensis WP 013300379.1

bacteria (13)

bacteria (13)

H Protein: rpl31; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.yeast+R6
0.50



99 Ttra NW 013657648.1 1720
Fonticula alba Falb EP00159 Fonticula alba P002217 XP 009494333.1
Pbra EP00473 Plasmodiophora brassicae P006480
Nsim EP00160 Parvularia atlantis PO03998
Mbre NW 001865042.1 6092

100, Allomyces macrogynus ATCC 38327 Amac KNE72827.1
Allomyces macrogynus ATCC 38327 Amac KNE62325.1
MASTA4A scaffold582 size18633 25
84 Mcal scaffold00044 1027
4 Dictyostelium discoideum AX4 Ddis XP 635786.1
] 95~ mt Seculamonas ecuadoriensis YP 007890771.1

@ TelT rpl32 Icl

80

86 Nqua rpl32 Icl
100 Pame Icl[NC 001823.1 NP 044793.1 49
mt Histiona aroides YP 007890588.1

83 MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P004370 g4370.t1
80 Brettanomyces bruxellensis Dbru XP 041139637.1
| 82

mt Jakoba libera YP 007890747 .1

Andgo Icl|NC 021124.1 YP 007890510.1 46
Vver JAGUQMO010000100.1 482
97 Drot Icl|[NC 029886.1 YP 009245622.1 53
] mt Jakoba bahamiensis YP 007890625.1

100| Nicotiana tabacum Ntab XP 016465971.1
%ErNicotiana tabacum Ntab XP 016465967.1
100

Nicotiana tabacum Ntab XP 016465972.1

99 Nicotiana tabacum Ntab XP 016488363.1
80 Nicotiana tabacum Ntab XP 016453898.1
Marchantia polymorpha Mpol PTQ28911.1
ﬁﬂ:ﬂNC 036491.1 YP 009446420.1 4
77 Pbil CAMNT 0000868797 4

Cpar tig00000319 g24142.11

Cafeteria roenbergensis Croe KAA0147950.1

Aphanomyces invadans Ainv XP 008874666.1

Capsaspora owczarzaki ATCC 30864 Cowc XP 004343233.1

Hand CAMNT 0001254811 1

Blastocystis sp. ATCC 50177/Nand Il Blasto OAO16487.1

Ctob JWZX01002696.1 155

HBB2 Icl|KY379823.1 AQL10477.1 28

Guillardia theta CCMP2712 Gthe XP 005835132.1
Cyanidioschyzon merolae strain 10D Cmer XP 005535063.1

Magnetococcus marinus WP 011713300.1

] bacteria (2)
‘I — Turneriella parva WP 014805079.1

Aper Icl|KF651061.1 AHA41665.1 29
4| 100, Tglo TRINITY DN1248 c0 g1 i1.p2
Tglo TRINITY DN1248 c0 g1 i2.p1

Cvie IcljMG202006.1 ATY40852.1 10
Nicotiana tabacum Ntab NP 054555.1
Anabaena cylindrica WP 0152171421
Crinalium epipsammum WP 015203431.1

99 9d|: Stanieria cyanosphaera WP 015193731.1
Acaryochloris WP 010476021.1 MULTISPECIES
Crei NC 057010.1 25761
= hacteria (2)
1 97 Hippea WP 013682216.1 MULTISPECIES
Nautilia profundicola WP 015901830.1

bacteria (17)

75

bacteria (5)

Taur BLSG01000235.1 909
Pacificimonas flava WP 008602686.1
bacteria (2)

bacteria (2)

bacteria (3)

Magnetospirillum WP 009869122.1 MULTISPECIES
bacteria (3)

bacteria (8)

Mvir EP00899 Mesostigma viride P016949
Ehrlichia chaffeensis WP 006011400.1
Anaplasma centrale WP 012880565.1
Rickettsiales WP 010962967.1 MULTISPECIES
— =il bacteria (6)
100 ——— Ptri NC 011676.1 2669

L—— Tpse NC 012069.1 4652
Candidatus Midichloria mitochondrii WP 013950766.1
96 Orientia tsutsugamushi WP 012460740.1

§9E Rickettsia prowazekii WP 004596961.1
spotted fever group WP 004997395.1 MULTISPECIES

99

bacteria (32)

F— Protein: rpl32; alignment timming: ClipKIT; IQ-TREE2 best-fit model: VT+R4

0.50



819 bacteria (10)

Hyphomicrobium denitrificans WP 081446250.1

Orientia tsutsugamushi WP 011944364.1

Atwi GFYU01009299.1.p1

Andgo Icl[NC 021124.1 YP 007890535.1 71
Dictyostelium discoideum AX4 Ddis XP 002649155.1

98

o .
-{ bacteria (9)
- Rhodospirillum centenum WP 012567453.1
— Pacificimonas flava WP 008602130.1
9613 97 Drot Icl[NC 029886.1 YP 009245624.1 55
{Tog ' Rickettsiales WP 006279898.1 MULTISPECIES
bacteria (2)
Roseobacter denitrificans WP 011567717.1
bacteria (2)
bacteria (4)
— Caulobacter WP 004622337.1
bacteria (3)
{ bacteria (8)
98 100, Nicotiana tabacum Ntab XP 016508036.1
Nicotiana tabacum Ntab XP 016474986.1
I Mcal scaffold00023 2829
TelT EP00656 Telonema subtile P004175
-9096 Gnos EC119027.1.p1 GENE.EC119027.1
Pbil CAMPEP 0113908110
Nqua Colp41 TRINITY DN17541 c0 g1i1 1
Cpar tig00000498 g1639.t1
Tglo TRINITY DN352 c0 g1 i2.p1
Acanthamoeba castellanii str. Neff Acas XP 004342352.1
M [— Saccharophagus degradans WP 011470487.1
g — Acidithiobacillus WP 009560916.1 MULTISPECIES
s=ll bacteria (5)
= hacteria (2)
9598 MAST4A scaffold755 size16499 12
97 -| : Proteobacteria WP 002637840.1 MULTISPECIES
: Blasto LXWW01000472.1 122
— Deferribacter desulfuricans WP 231841048.1
Candidatus Pelagibacter WP 006997435.1 MULTISPECIES
9§|—_Monosiga brevicollis MX1 Mbre XP 001743012.1
100 Homo sapiens Hsap NP 001369271.1
100, Allomyces macrogynus ATCC 38327 Amac KNE72178.1
L Allomyces macrogynus ATCC 38327 Amac KNE71387.1
Capsaspora owczarzaki ATCC 30864 Cowc XP 004342618.1

o0

982 mt Histiona aroides YP 007890583.1
—L_— mt Seculamonas ecuadoriensis YP 007890772.1
Pame Icl|NC 001823.1 NP 044788.1 44

ﬂliphaeodactylum tricornutum CCAP 1055/1 Ptri XP 002181957.1

Thalassiosira pseudonana CCMP1335 Tpse XP 002287703.1
H | ——— Pbra EP00473 Plasmodiophora brassicae P003588
Bnat EP00466 Bigelowiella natans P011030

Ctob JWZX01002199.1 53

_IrSphaerobacter thermophilus WP 012870650.1

mt Jakoba libera YP 007890698.1
. Acetomicrobium mobile WP 014806484 .1
96 Brettanomyces bruxellensis Dbru XP 041136400.1
Saccharomyces cerevisiae S288C Scer NP 010400.1

4, Emiliania huxleyi CCMP1516 Ehux XP 005790622.1
Hand CAMPEP 0114163510
Guillardia theta CCMP2712 Gthe XP 005818779.1
Rsal CAMNT 0049508191 2
Chlamydomonas reinhardtii Crei XP 042916611.1

821 bacteria (4)
bacteria (7)
99, Nostocales WP 015209090.1 MULTISPECIES
Acaryochloris WP 010468797.1 MULTISPECIES
Crinalium epipsammum WP 015203696.1
Stanieria cyanosphaera WP 015193703.1

9 EG transcript 31824 1
Pwic JADZLO010000019.1 6755
Bnat EP00466 Bigelowiella natans PO08835
Chlamydomonas reinhardtii Crei XP 001689581.1
Pycnococcus provasolii Ppro GHP10187.1
— Mvir RPFO01000022.1 7994

100 Marchantia polymorpha Mpol PTQ39795.1
4@{ Nicotiana tabacum Ntab XP 016450557.1

Nicotiana tabacum Ntab XP 016483857.1

Bmot EP00823 Brevimastigomonas motovehiculus PO00407
Opitutus terrae WP 012374297 .1
Hippea maritima WP 013681118.1
Turneriella parva WP 014802610.1
Methylococcaceae WP 020564662.1 MULTISPECIES
Gnos EC121068.1.p1 GENE.EC121068.1
— Vver EP00029 Vermamoeba vermiformis P005524
— Pseudoxanthomonas WP 014162171.1
— Marchantia polymorpha Mpol PTQ44928.1
— Pycnococcus provasolii Ppro GHP03160.1
[ Mglioribacter roseus WP 014855813.1
bacteria (2)
bacteria (2)
Paludibacter propionicigenes WP 013445581.1

Mpol Icl orf14030
Aequorivita sublithincola WP 014783698.1
bacteria (4)
Deinococcus WP 011530697.1 MULTISPECIES
bacteria (2)
Cryptobacterium curtum WP 015778956.1
Acidimicrobium ferrooxidans WP 015799415.1
4 Ddis Icl orf8343
Gulosibacter faecalis WP 019618088.1
bacteria (2)

8(

Fonticula alba Falb EP00159 Fonticula alba P002850 XP 009494966.1

F—— Protein: rpl34; alignment timming: ClipKIT; IQ-TREE2 best-fit model: PMB+R4

0.50



89

88
87
88 96

Toxoplasma gondii ME49 Tgon XP 002369201.1
Egra Gene.117197
Babesia microti strain RI Bmic XP 012648026.1
Tann NC 011129.2 2757

Eimeria tenella Eten XP 013230250.1

87
86 — Plasmodium falciparum 3D7 Pfal XP 001351950.1
—  Chlamydia pneumoniae WP 010883624.1
Opitutus terrae WP 012375173.1
Akkermansia WP 012420592.1

Emiliania huxleyi CCMP1516 Ehux XP 005757121.1

Syntrophobacter fumaroxidans WP 011697299.1
Cvel 18516.t1-p1
Pycnococcus provasolii Ppro GHP09816.1

100, Bmot EP00823 Brevimastigomonas motovehiculus P009119

! Bmot EP00823 Brevimastigomonas motovehiculus P009118

75
_|:Mvir EP00899 Mesostigma viride P013735
Vbra_9787.t1-p1

Ppur TRINITY DN8395 c0 g1i1 1

Dictyoglomus thermophilum WP 012548347.1
bacteria (5)

bacteria (6
00

09 Scer NC 001146.8 953

Brettanomyces bruxellensis Dbru XP 041135755.1
Ctob JWZX01000487.1 46

88
82 Cvie GILI01005854.1.p1
offe0 —

8 Hippea maritima WP 013681318.1
—| bacteria (2)

EIusimgcgrobium minutum WP 012414521.1

— Rsal CAMNT 0042081113 3
Guillardia theta CCMP2712 Gthe XP 005838476.1
— Pwic JADZLO010000010.1 1172
Hand CAMPEP 0172025846
Pbra EP00473 Plasmodiophora brassicae P009384
Tglo Icl|NC 023545.1 YP 009004144.1 42

Monosiga brevicollis MX1 Mbre XP 001750265.1
100 Marchantia polymorpha Mpol PTQ43324.1
ﬂNicotiana tabacum Ntab XP 016441665.1

Nicotiana tabacum Ntab XP 016507983.1
Pbil CAMPEP 0113870460

Nsim EP00160 Parvularia atlantis P017094
L — Aphanomyces invadans Ainv XP 008873592.1

TelT EP00656 Telonema subtile P030729
Fonticula alba Falb EP00159 Fonticula alba P000209 XP 009492325.1
Capsaspora owczarzaki ATCC 30864 Cowc XP 004347987.1
Cafeteria roenbergensis Croe KAA0148605.1
1

Pkir EP00761 Pharyngomonas kirbyi P012797
0 Naegleria fowleri Nfow XP 044566160.1
MASTA4A scaffold987 size14098 18

87

Naegleria gruberi Ngru XP 002682553.1
—=l] bacteria (6)

Mariprofundus ferrooxydans WP 009851597.1 508 ribosomal protein L35
Cryptobacterium curtum WP 012802979.1 50S ribosomal protein L35

—=——— hacteria (2)
99, Crinalium epipsammum WP 015204735.1

Acaryochloris WP 010477430.1 MULTISPECIES
Stanieria cyanosphaera WP 015193119.1
Anabaena cylindrica WP 015217014 .1

78
86

87

9lg)/larchantia polymorpha Mpol PTQ42917.1

Chlamydomonas reinhardtii Crei XP 001701250.1
Bnat EP00466 Bigelowiella natans P017218
Carboxydothermus hydrogenoformans WP 011344481.1

Atwi GFYU01006280.1.p1
Magnetococcus marinus WP 011712061.1
bacteria (3)

bacteria (25)

Acetivibrio clariflavus WP 014256113.1 50S ribosomal protein L35

Methylobacillus flagellatus WP 011480222.1
u,i Andgo Icl[NC 021124.1 YP 007890527.1 63

Drot Icl orf9281

bacteria (36)

F—————- Protein: rpl35; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+R6
0.50



89

100 bacteria (34)
99

— Bmot nad1 Icl
101000 mt Leishmania major AAL59664.1
mt Leishmania infantum DAC80393.1

100 mt Angomonas deanei AlL54355.1
96 100 190 Tbru 21702381
85 mt Trypanosoma cruzi AAM75875.1
—— Cvie GILI01000474.1.p1
1 Dpap Icl APQ44785.1

mt Euglena gracilis
99 1 380 Otri Icl|JN383843.1 AEV66647.1 32
100! mt Halteria grandinella YP 010049573.1
Stromb Icl|MT471315.1 QPL15889.1 5
100 — mt Euplotes vanleeuwenhoeki YP 010117058.1
100— Nova Icl|GU057832.1 ADN85864.1 2
— — L— Nova EP00826 Nyctotherus ovalis P033093
100 Mt Thuricola similis YP 010147332.1
hoo— Mt sp|P05513.2|NUTM
9 mt Uronema marinum YP 009512635.1
mt Ichthyophthirius multifilis YP 004841743.1
mt Tetrahymena pyriformis NP 049606.1
Tthe Icl|NC 003029.1 NP 149403.1 40
94 mt Tetrahymena malaccensis YP 740755.1
mt Tetrahymena paravorax YP 740799.1
mt Tetrahymena pigmentosa YP 740843.1
mt Paulinella micropora YP 009709945.1
98 100 Otri Icl|JN383843.1 AEV66665.1 50
99_|—|: mt Halteria grandinella YP 0100495841
mt Euplotes vanleeuwenhoeki YP 010117048.1
Stromb Icl|MT471315.1 QPL15900.1 16
Akon Icl|[NC 026286.1 YP 009117114.1 3
mt Caenorhabditis elegans NP 006955.1
mt Drosophila melanogaster YP 009047278.1
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013238 gene13238-gene13
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013085 gene13085-gene3877

g

b

Croe Icl[VLTN0O1000170.1 KAA0145461.1 35
mt Cafeteria roenbergensis NP 051159.1
Vver IclINC 013986.1 YP 003540855.1 44
@T: Acas Icl[NC 001637.1 NP 042542.1 19
mt Balamuthia mandrillaris YP 009163161.1
Aper Icl|KF651061.1 AHA41645.1 9
I Crei IclINC 001638.1 NP 042570.1 7
mt Paramoeba pemaquidensis YP 009308408.1
Bnat Icl|[HQ840955.1 ADV41814.1 14
Pmar IclINC 026310.1 YP 009118062.1 10
7~ MASTSi nad1 Icl
100 Mt Ichthyophthirius muiltifiliis YP 004841735.1
mt Uronema marinum YP 009512656.1
mt Tetrahymena pyriformis NP 049584 .1
Tthe Icl|NC 003029.1 prot NP 149380.1 17
mt Tetrahymena malaccensis YP 740732.1
mt Tetrahymena paravorax YP 740777.1
mt Tetrahymena pigmentosa YP 740821.1
— mt Diacronema viridis YP 010127226.1
16%0 Pbra Icl|LS992577.1 SYZ47156.1 40
4[L7mt Spongospora subterranea YP 009350065.1
mt Polymyxa betae YP 010227900.1
101000 Ctob Icl|KJ201908.1 AHY04419.1 8
mt Chrysochromulina parva YP 009459332.1
|100 mt Phaeocystis globosa YP 010230016.1
100~ Ehux Icl|JN022704.1 AEI29470.1 16
mt Isochrysis galbana NC 066487.1 YP 010486783.1 14
99 Dbru Icl|NC 013147.1 YP 003127064.1 2
mt Neurospora crassa

91 g@{ mt Cafileria marina YP 009688836.1

99

81 8 O— mt Ustilago maydis YP 762697.1

mt Cryptococcus neoformans

mt Rhizophagus irregularis YP 003875534.1
Amac Icl|[NC 001715.1 NP 043742.1 18

mt Spizellomyces punctatus NP 150323.1

mt Coemansia reversa
8— Cowec Icl|[KC573038.1 AGE93625.1 59

mt Ministeria vibrans YP 007476186.1

mt Sphaerothecum destruens YP 009734657.1

0 Mbre Icl[NC 004309.1 NP 696969.1 6
gp—— mt Trichoplax adhaerens YP 654086.1
mt Branchiostoma floridae NP 007768.1
o mt Danio rerio NP 059331.1
mt Xenopus tropicalis YP 203370.1
mt Gallus gallus spadiceus YP 009555261.1
mt Monodelphis
mt Mus musculus NP 904328.1
0y Hsap Icl[NC 012920.1 YP 003024026.1 1
Acar EP00971 Amphidinium carterae P144874

mt Paravannella minima YP 009557811.1

Nsim EP00160 Parvularia atlantis P010576

Falb Icl|[NW 009243184.1 XP 009498425.1 6
Nsim EP00160 Parvularia atlantis P010588

100r Rsal Icl[NC 002572.1 NP 066473.1 20

4 L mt Storeatula NC 037452.1 YP 009476645.1 9
mt Proteomonas sulcata YP 009476708.1

Hand Icl[NC 010637.1 YP 001874782.1 26

mt Cryptomonas curvata YP 009476763.1
mt Teleaulax amphioxeia YP 009475795.1
— Hmar Icl|LC515367.1 BBQ05335.1 11
— Pbil IcI[INC 031832.1 YP 009317217.1 11
—— Lmar Icl[NC 045933.1 YP 009730080.1 36
O Ppur Icl|NC 002007.1 NP 049303.1 10

mt Chondrus crispus NP 062493.1
Andgo Icl[INC 021124.1 YP 007890480.1 16
TelT nad1 Icl
Drot Icl|NC 029886.1 YP 009245603.1 34
Cmer Icl[NC 000887.3 NP 059359.1 11
Tglo IclNC 023545.1 YP 009004123.1 21
mt Jakoba bahamiensis YP 007890655.1
mt Seculamonas ecuadoriensis YP 007890806.1
mt Jakoba libera YP 007890725.1
Pame Icl|[NC 001823.1 NP 044754.1 10

mt Histiona aroides YP 007890549.1
mt Gloeochaete wittrockiana YP 009092458.1
Gnos IclINC 015117.1 YP 004222741.1 13
mt Cyanoptyche gloeocystis YP 009092501.1
Cpar Icl[NC 017836.1 YP 006280835.1 18
G mt Cyanophora sudae YP 010041743.1

mt Cyanophora biloba YP 010041696.1
Ttra Icl|NC 026452.1 YP 009121380.1 7
Nqua nad1 Icl

Mijak Icl|INC 002553.1 NP 066325.1 19
Mecal Icl|NC 026311.1 YP 009118080.1 3
Atwi Icl[NC 036491.1 YP 009446458.1 42
Ntab XP 016495442.1
100~ Ntab XP 016433805.1
Ntab Icl[NC 006581.1 YP 173402.1 53
Ntab XP 016462209.1
Ntab Icl|[NC 006581.1 YP 173351.1 4
mt Arabidopsis thaliana YP 009472104.2

mt Physcomitrium patens YP 539026.1
)

Mpol PTQ45754.1
Pwic Icl|[MN794237.1 Q0Z41742.1 29
Mver Icl|[NC 008240.1 YP 665698.1 17
Noli Icl|NC 008239.1 YP 665670.1 29
Ppro IclINC 013935.1 YP 003495137.1 13
mt Ostreococcus tauri YP 717293.1
mt Micromonas pusilla
mt Imasa heleensis YP 010165725.1
100~ Ngru Icl[NC 002573.1 NP 066498.1 1
Nfow Icl|[NC 021104.1 YP 007890019.1 1
mt Pleurostomum flabellatum YP 010049253.1
mt Stachyamoeba lipophora YP 009118136.1
Pkir IclINC 034798.1 YP 009370846.1 40
HBB2 Icl|AQL10457.1
Nsim Icl|[NC 020369.1 YP 007476165.1 20
Cvie Icl|[MG202006.1 ATY40863.1 22
Gsul Icl|NC 024666.1 YP 009051205.1 8
Pmir Icl|NC 000892.1 NP 050063.1 8
100 mt Heterostelium pallidum YP 209609.1
mt Cavenderia fasciculata YP 001876523.1
100y mt Dictyostelium intermedium YP 010191929.1
Ddis Icl[NC 000895.1 NP 050081.1 15
mt Dictyostelium citrinum YP 492631.1
@[ Pico Icl|MG202007.1 ATY40878.1 13
Pico 31064 1
— Maro Icl|AP019310.1 BBH42922.1 20
99‘1 00r Blasto Icl|EF494740.3 prot ACH86085.1 24
mt Blastocystis hominis XP 012897867.1

€ mt Proteromonas lacertae YP 003795213.1

MAST4A nad1 Icl

Or mt Nannochloropsis gaditana AG149043.1
mt Microchloropsis salina YP 008519358.1
mt Vischeria stellata YP 009579062.1
mt Trachydiscus minutus YP 009237654.1
mt Ectocarpus siliculosus YP 009254700.1
mt Schizocladia ischiensis YP 010032404.1
Cmar Icl[NC 013837.1 YP 003434231.1 24
mt Heterosigma akashiwo YP 005090309.1
mt Triparma laevis YP 009163704.1

‘ Ptri Icl|HQ840789.1 ADY18521.1 24
| Tpse IclINC 007405.1 YP 316606.1 21
O mt Ochromonas danica NP 066433.1
i mt Synura synuroidea NP 038180.1
‘ mt Aureoumbra lagunensis YP 010152744.1

mt Pelagomonas calceolata YP 010152706.1
Taur Icl|AF288091.2 AAG23680.1 25

g7] Mt Achlya hypogyna YP 008475375.1

mt Saprolegnia ferax YP 052884.1

mt Thraustotheca clavata YP 008475383.1
Ainv IclINC 032052.1 YP 009327242.1 6

go| MtAphanomyces astaci YP 009327196.1

mt Pythium insidiosum YP 009167019.1

mt Globisporangium ultimum YP 003734808.1

mt Plasmopara viticola YP 009729761.1
mt Plasmopara halstedii YP 010394637.1
mt Peronospora belbahrii YP 010394048.1
| mt Pseudoperonospora cubensis YP 009164895.1
mt Pseudoperonospora humuli YP 009645881.1

mt Peronospora tabacina YP 009178798.1

mt Hyaloperonospora arabidopsidis YP 010394002.1
mt Phytophthora versiformis YP 010394794.1
mt Phytophthora sojae YP 001165407.1

mt Phytophthora agathidicida YP 010117821.1
Rhodospirillum centenum WP 012566433.1
Micavibrio aeruginosavorus WP 148260436.1
Roseomonas cervicalis WP 007002790.1
Komagataeibacter hansenii WP 003620724 .1
Kiloniella laminariae WP 020593661.1
Candidatus Puniceispirillum marinum WP 041861002.1
Candidatus Endolissoclinum faulkneri WP 015088285.1
Candidatus Paracaedibacter symbiosus WP 032112089.1
Candidatus Odyssella thessalonicensis WP 010298339.1
Candidatus Midichloria mitochondrii WP 013951457 .1
A0 Rickettsia conorii WP 010977795.1
Rickettsia prowazekii WP 010886375.1
Orientia tsutsugamushi WP 012462049.1
Neorickettsia sennetsu WP 011451461.1
Wolbachia WP 010962402.1 MULTISPECIES
Ehrlichia chaffeensis WP 006011902.1
Anaplasma centrale WP 187286235.1
bacteria (4)

bacteria (12)

bacteria (15)

Magnetococcus marinus WP 011715167.1
82 .
bacteria (2)

bacteria (13)

Sphaerobacter thermophilus WP 012870783.1
bacteria (9)

Rubrobacter xylanophilus WP 011564608.1
bacteria (8)

bacteria (3)

= hacteria (2)
100— Ntab NP 054562.1
Mpol PTQ28324.1
1@or Acaryochloris WP 010467643.1 MULTISPECIES
Stanieria cyanosphaera WP 015192133.1
84 Anabaena cylindrica WP 015212761.1
Crinalium epipsammum WP 015204411.1

FH Protein: nadl; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+F+R10

0.50



bacterial NADH-quinone oxidoreductase subunit L (25)

eukaryotic NADH dehydrogenase subunit 5 (13)

bacterial NADH-quinone oxidoreductase subunit L (8)
Magnetococcus marinus WP 011715163.1

bacterial NADH-quinone oxidoreductase subunit L (16)

Deferribacter desulfuricans WP 013008670.1
Sphaerobacter thermophilus WP 012870786.1
bacterial NADH-quinone oxidoreductase subunit L (6)

bacterial NADH-quinone oxidoreductase subunit L (5)
bacterial NADH-quinone oxidoreductase subunit L (10)

bacterial NADH-quinone oxidoreductase subunit L (6)

= hacterial NADH-quinone oxidoreductase subunit L (2)

1 0 eukaryotic NAD P H-quinone oxidoreductase subunit 5 (2)
bacterial NAD P H-quinone oxidoreductase subunit 5 (4)
bacterial NADH-quinone oxidoreductase subunit L (4)

bacterial NADH-quinone oxidoreductase subunit L (2)
Turneriella parva WP 014802761.1

[ 100 bacterial NADH-quinone oxidoreductase subunit L (2)
41004 bacterial NAD P H-quinone oxidoreductase subunit F (6)
Nautilia profundicola WP 015901831.1

bacterial NADH-quinone oxidoreductase subunit E (5)

bacterial monovalent cation/H antiporter subunit A (24)

bacterial dehydrogenase family protein (9)
bacterial cation proton antiporter (16)

g< bacterial NADH-quinone oxidoreductase subunit M (8)
Tumebacillus flagellatus WP 238546090.1

1 bacterial NADH-quinone oxidoreductase subunit M (4)
% Ntab NP 054557.2

10 bacterial NADH-quinone oxidoreductase subunit M (5)

bacterial NADH-quinone oxidoreductase subunit M (8)

bacterial NADH-quinone oxidoreductase subunit M (4)
Nautilia profundicola WP 012663838.1
bacterial NADH-quinone oxidoreductase subunit M (5)

bacterial NADH-quinone oxidoreductase subunit M (3)
bacterial NADH-quinone oxidoreductase subunit M (7)

bacterial NADH-quinone oxidoreductase subunit M (11)

Hoyosella subflava WP 013809219.1

bacterial NADH-quinone oxidoreductase subunit M (4)
Opitutus terrae WP 012373581.1

Wolinella succinogenes WP 011138426.1
Magnetococcus marinus WP 011715162.1

bacterial NADH-quinone oxidoreductase subunit M (16)

bacterial NADH-quinone oxidoreductase subunit M (9)
eukaryotic NADH dehydrogenase subunit 4 (8)

bacterial NADH-quinone oxidoreductase subunit M (25)

—00100< bacterial Na /H antiporter subunit D (7)

100 bacterial oxidoreductase family protein (3)

< bacterial hydrogenase 4 subunit B (22)

1'0—0< bacterial hydrogenase 4 subunit F (17)

96
bacterial cation/H antiporter subunit D family protein (41)
2| L bacteria (4)
10 5 Wolinella succinogenes WP 011139590.1

m— hacteria (2)
Bmot nad2 Icl

100 Nautilia profundicola WP 015902286.1
- —— bacteria (3)

90——— bacteria (3)

824 bacteria (18)

= 83 Y bacteria (3)
99 Ntab Icl|[NC 006581.1 prot YP 173452.1 104
Ntab NP 054547 .1
Ntab Icl|[NC 006581.1 YP 173451.1 103
Mvir EP00899 Mesostigma viride P025693
Anabaena cylindrica WP 015216778.1
Acaryochloris marina WP 012162551.1
Stanieria cyanosphaera WP 015191857.1
Crinalium epipsammum WP 015205092.1
Tumebacillus flagellatus WP 238546089.1
bacteria (2)

bacteria (11)

bacteria (17)

Gsul Icl|NC 024666.1 YP 009051204.1 7

9 0 bacteria (24)
100 bacteria (2)
Rickettsia prowazekii WP 004597822.1
82 100 Rickettsia conorii WP 010977408.1
100] Mvir EP00899 Mesostigma viride P016902
—  Orientia tsutsugamushi WP 012462045.1
10 Wolbachia WP 010962956.1 MULTISPECIES
10_|0 E Ehrlichia chaffeensis WP 011452673.1
|29 Anaplasma centrale WP 041651454 .1

Neorickettsia sennetsu WP 011452075.1
Hsap Icl|NC 012920.1 prot YP 003024027.1 2
mt Mus musculus NP 904329.1
mt Monodelphis domestica YP 087180.1
mt Xenopus tropicalis YP 203371.1
mt Danio rerio NP 059332.1
mt Gallus gallus spadiceus YP 009555262.1
mt Drosophila melanogaster YP 009047266.1
93 — mt Branchiostoma floridae NP 007769.1
mt Sphaerothecum destruens YP 009734646.1
D EU 17 18 nad2 Icl
00 100r— mt Heterostelium pallidum YP 209602.1
08 mt Cavenderia fasciculata YP 001876512.1
gg[~ mt Dictyostelium intermedium YP 010191915.1
‘g{lijdis IclINC 000895.1 NP 050070.1 2
mt Dictyostelium citrinum YP 492644.1
Falb Icl|[NW 009243184.1 XP 009498421.1 2
mt Ministeria vibrans YP 007476208.1
Dbru Icl[NC 013147.1 YP 003127068.1 6
mt Spizellomyces punctatus NP 150314.1
mt Coemansia
Amac Icl|[NC 001715.1 NP 043740.1 16
mt Rhizophagus irregularis YP 003875543.1
mt Neurospora
mt Ustilago maydis YP 762683.1
mt Cryptococcus
Nsim Icl[INC 020369.1 YP 007476177.1 32
— Cowc Icl[KC573038.1 AGE93626.1 60
C@:Drot IclINC 029886.1 YP 009245582.1 13
Lmar Icl|[NC 045933.1 YP 009730053.1 9
mt Phytophthora sojae YP 001165394 .1
mt Phytophthora versiformis YP 010394786.1
mt Phytophthora agathidicida YP 010117829.1
mt Hyaloperonospora arabidopsidis YP 010393994 .1
mt Bremia lactucae YP 009547891.1
mt Peronospora tabacina YP 009178790.1
mt Plasmopara halstedii YP 010394624.1
mt Plasmopara viticola YP 009729738.1
mt Peronospora belbahrii YP 010394040.1
mt Pseudoperonospora cubensis YP 009164887.1
mt Pseudoperonospora humuli YP 009645873.1
mt Phytopythium vexans YP 010395046.1
mt Globisporangium ultimum YP 003734840.1
mt Pythium insidiosum YP 009167048.1
Ainv Icl[NC 032052.1 YP 009327272.1 36
mt Aphanomyces astaci YP 009327226.1
mt Thraustotheca clavata YP 008475414.1
mt Saprolegnia ferax YP 052890.1
mt Achlya hypogyna YP 008475368.1
mt Paravannella minima YP 009557775.1
10 Tbru E22845
1001 L mt Leishmania infantum DAC80392.1
mt Angomonas deanei AlL54356.1
Nova Icl|GU057832.1 ADN85886.1 24
Stromb Icl QPL15915.1
Tthe Icl[NC 003029.1 NP 149374.1 11
mt sp|P15577.1|NU2M PARTE
Otri Icl|JN383843.1 AEV66682.1 67
Stromb Icl|MT471315.1 QPL15913.1 29
Pmar Icl[NC 026310.1 YP 009118076.1 24
mt Paulinella micropora YP 009709949.1
100 mt Cafileria marina YP 009688825.1

100[ Croe KAA0145449.1
10{)[ Croe Icl[VLTN01000170.1 KAA0145450.1 24
mt Cafeteria roenbergensis NP 051147.1

Pmir Icl|NC 000892.1 NP 050062.1 7
Aper Icl|KF651061.1 AHA41637.1 1
mt Balamuthia mandrillaris YP 009163152.1
Cvie Icl|[MG202006.1 ATY40845.1 3
MAST3i nad2 Icl
Vver Icl|NC 013986.1 YP 003540851.1 40
Acas IclINC 001637.1 NP 042534.1 11
mt Paramoeba pemaquidensis YP 009308410.1
HBB2 Icl|AQL10455.1
Pkir Icl|[NC 034798.1 YP 009370843.1 37
Akon Icl|[NC 026286.1 YP 009117147.1 36
mt Stachyamoeba lipophora YP 009118155.1
mt Pleurostomum flabellatum YP 010049293.1
Ngru Icl[NC 002573.1 NP 066533.1 36
Nfow IclINC 021104.1 YP 007890054.1 36
ﬂlr Ehux Icl|lJN022704.1 AEI29463.1 9
100 mt Isochrysis galbana NC 066487.1 YP 010486788.1 19
76 mt Phaeocystis globosa YP 010230012.1
100i Ctob Icl|KJ201908.1 AHY04415.1 4
mt Chrysochromulina parva YP 009459328.1
10 mt Polymyxa betae YP 010227890.1
MEmt Spongospora subterranea YP 009350053.1
Pbra Icl|LS992577.1 SYZ47125.1 9
Tglo IclNC 023545.1 YP 009004136.1 34
mt Cyanoptyche gloeocystis YP 009092499.1
Gnos Icl|NC 015117.1 YP 004222746.1 18
mt Gloeochaete wittrockiana YP 009092460.1
1001 Cpar IclINC 017836.1 YP 006280851.1 34
mt Cyanophora biloba YP 010041673.1
mt Cyanophora sudae YP 010041711.1
l Bnat Icl|HQ840955.1 ADV41826.1 26
"F_I": mt Diacronema viridis YP 010127219.1
Ppro IclINC 013935.1 YP 003495128.1 4
12ﬁ mt Nannochloropsis gaditana AHX24895.1

94

©
=2

84

87

80y

mt Nannochloropsis gaditana YP 007317110.1

1 380 mt Microchloropsis salina YP 008519356.1
mt Trachydiscus minutus YP 009237651.1
98 — mt Vischeria stellata YP 009579073.1
96 mt Aureoumbra lagunensis YP 010152776.1

001 mt Aureococcus anophagefferens QGI124651.1
mt Pelagomonas calceolata YP 010152738.1
mt Triparma laevis YP 009163713.1
100|j Ptri Icl|HQ840789.1 ADY18500.1 2
Tpse Icl|NC 007405.1 YP 316593.1 8
J_OQI: mt Ectocarpus siliculosus YP 009254718.1
mt Schizocladia ischiensis YP 010032387.1
84 Crei Icl[NC 001638.1 NP 042568.1 5
100y Blasto Icl|EF494740.3 ACH86083.1 22
q_|7 [ mt Blastocystis hominis XP 012897869.1
mt Proteromonas lacertae YP 003795205.1
Cmar Icl[NC 013837.1 YP 003434208.1 1
mt Heterosigma akashiwo YP 005090282.1
Taur Icl|AF288091.2 AAG23661.1 6
mt Synura synuroidea NP 038177.1
mt Ochromonas danica NP 066420.1
96 Hmar Icl|LC515367.1 BBQ05340.2 16
91|—_|: mt Trichoplax adhaerens YP 654095.3
Mbre Icl[NC 004309.1 NP 696995.1 32

Pbil IclINC 031832.1 YP 009317208.1 2
0 Cmer Icl|NC 000887.3 NP 059360.1 12
Ppur Icl|[NC 002007.1 NP 049304.1 11

mt Chondrus crispus NP 062494 .1
1001 Rsal Icl]NC 002572.1 NP 066467.1 14
mt Storeatula NC 037452.1 YP 009476651.1 15
mt Proteomonas sulcata YP 009476714.1
100 mt Teleaulax amphioxeia YP 009475791.1
Hand Icl[INC 010637.1 YP 001874784.1 28
mt Chroomonas placoidea YP 009476604.1
Gthe Icl|MH844545.1 QBJ06319.1 31
mt Cryptomonas curvata YP 009476757.1
— Nqua nad2 Icl
4l 100 Mijak Icl[NC 002553.1 NP 066350.1 44
100 Mcal Icl|[NC 026311.1 YP 009118105.1 28
mt Imasa heleensis YP 010165729.1
b4/l 95| Nsim EP00160 Parvularia atlantis P006272
Nsim EP00160 Parvularia atlantis P0O08995
Ttra Icl|NC 026452.1 YP 009121387.1 14
Maro Icl]AP019310.1 BBH42910.1 8
Atwi Icl|NC 036491.1 YP 009446459.1 43
TelT nad2 Icl
Pame Icl|[NC 001823.1 NP 044802.1 58
mt Histiona aroides YP 007890598.1
mt Jakoba bahamiensis YP 007890617.1
mt Jakoba libera YP 007890736.1
mt Seculamonas ecuadoriensis YP 007890804.1
Andgo Icl|[NC 021124.1 YP 007890520.1 56
100 Pico IcljMG202007.1 ATY40889.1 24
Pico 29 6
Mver Icl|[NC 008240.1 YP 665693.1 12
MAST4A nad2 Icl
Noli Icl[NC 008239.1 YP 665650.1 9
mt Ostreococcus tauri YP 717298.1
mt Micromonas
Pwic Icl|[MN794237.1 Q0Z41747.1 34
Mpol Icl|NC 037508.1 YP 009479680.1 4
Mpol PTQ28696.1
mt Physcomitrium patens YP 539019.1
mt Arabidopsis thaliana YP 009472107.2
9 Ntab IcIINC 006581.1 YP 173375.1 25
10Q Ntab Icl|[NC 006581.1 YP 173350.1 26
Ntab Icl[NC 006581.1 YP 173427.1 79

100

COr

F  Protein: nad2; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+F+R10
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[{eo])

97r mt Plasmopara viticola YP 009729744.1
g4 mt Plasmopara halstedii YP 010394630.1
mt Phytophthora versiformis YP 010394780.1
10¢ mt Peronospora tabacina YP 009178784.1
- mt Phytophthora sojae YP 001165388.1
84 mt Phytophthora agathidicida YP 010117835.1
9@ mt Peronospora belbahrii YP 010394034.1
I mt Hyaloperonospora arabidopsidis YP 010394000.1
84 mt Pseudoperonospora cubensis YP 009164881.1
mt Phytopythium vexans YP 010395040.1
mt Pythium insidiosum YP 009167042.1
mt Globisporangium ultimum YP 003734834.1
100 mt Bremia lactucae YP 0095478971
; Qﬂi{mt Thraustotheca clavata YP 008475378.1

Ainv IclINC 032052.1 pfRi00RIRT2RI 230.1 3
mt Aphanomyces astaci YP 009327193.1
mt Saprolegnia ferax YP 052924.1
mt Achlya hypogyna YP 008475334.1
0 mt Nannochloropsis gaditana AGI49057.1
mt Trachydiscus minutus YP 009237671.1
mt Vischeria stellata YP 009579078.1
2 mt Synura synuroidea NP 038191.1
mt Ochromonas danica NP 066441.1
980 mt Ectocarpus siliculosus YP 009254727 .1
| E mt Schizocladia ischiensis YP 010032397.1
Taur Icl|AF288091.2 AAG23687.1 32
mt Aureoumbra lagunensis YP 010152762.1
%‘Ent Aureococcus anophagefferens QGI24624.1
mt Pelagomonas calceolata YP 010152728.1
3 MASTS3i nad3 Icl
MAST4A nad3 Icl
1LQ_|: Cmar Icl|NC 013837.1 YP 003434223.1 16
mt Heterosigma akashiwo YP 005090302.1
93 mt Triparma laevis YP 009163716.1
{)_oi Ptri Icl|HQ840789.1 ADY18504.1 6
Tpse Icl|NC 007405.1 YP 316616.1 31
100 Cpar Icl[NC 017836.1 YP 006280827.1 10
mt Cyanophora sudae YP 010041735.1
mt Cyanophora biloba YP 010041688.1
mt Gloeochaete wittrockiana YP 009092443.1
Gnos Icl|NC 015117.1 YP 004222743.1 15

=

7 mt Diacronema viridis YP 010127221.1
9 mt Proteromonas lacertae YP 003795208.1
77 Blasto Icl|EF494740.3 ABU87590.1 1

mt Blastocystis hominis XP 012897864 .1
Lmar Icl[NC 045933.1 YP 009730056.1 12
9r- Hand Icl|NC 010637.1 YP 001874779.1 23
mt Chroomonas placoidea YP 009476622.1
Rsal IclINC 002572.1 NP 066497.1 44
mt Storeatula NC 037452.1 YP 009476683.1 47
Gthe Icl|MH844545.1 QBJ06315.1 35
mt Cryptomonas curvata YP 009476767.1
mt Proteomonas sulcata YP 009476691.1
mt Teleaulax amphioxeia YP 0094757541
— Pbil Icl[NC 031832.1 YP 009317222.1 16
9 Cmer Icl|[NC 000887.3 NP 059358.1 10
DJ|°0 F mt Chondrus crispus NP 062492.1
Ppur Icl|NC 002007.1 NP 049302.1 9
99 mt Trichoplax adhaerens YP 654087.1
9 mt Sphaerothecum destruens YP 009734644.1
Mbre Icl|NC 004309.1 NP 696988.1 25
Gsul Icl[NC 024666.1 YP 009051206.1 9
Hmar Icl|LC515367.1 BBQ05327.2 4
Maro Icl|AP019310.1 BBH42919.1 17
00 Ctob Icl|KJ201908.1 AHY04427.1 16
9 mt Phaeocystis globosa YP 010230014.1
0r— Ehux Icl|JN022704.1 AEI29464.1 10
mt Isochrysis galbana NC 066487.1 YP 010486779.1 10
94 mt Balamuthia mandrillaris YP 009163123.1
mt Paramoeba pemaquidensis YP 009308401.1
Acas Icl[NC 001637.1 NP 042559.1 36
mt Paravannella minima YP 009557803.1
Pico Icl]MG202007.1 ATY40877.1 12

0

=

O

Pico 46610 3
— Nqua nad3 Icl
8H mt Drosophila melanogaster YP 009047272.1
ﬁﬁ-‘— mt Ministeria vibrans YP 007476204 .1

Cowc Icl|[KC573038.1 AGE93601.1 35
— Atwi Icl[NC 036491.1 YP 009446470.1 54
Ttra Icl|NC 026452.1 YP 009121397.1 24
Nsim Icl|]NC 020369.1 YP 007476182.1 37
mt Seculamonas ecuadoriensis YP 007890798.1
mt Jakoba bahamiensis YP 007890632.1
Pame Icl|[NC 001823.1 NP 044785.1 41
mt Histiona aroides YP 007890579.1
mt Jakoba libera YP 007890695.1
Drot Icl|NC 029886.1 YP 009245570.1 1
Cvie Icl|MG202006.1 ATY40850.1 8
Pmar Icl[NC 026310.1 YP 009118075.1 23
Pkir IclINC 034798.1 YP 009370847.1 41
Akon Icl|NC 026286.1 YP 009117148.1 37
mt Stachyamoeba lipophora YP 009118150.1
— HBB2 nad3 Icl|]AQL10470.1
1 mt Pleurostomum flabellatum YP 010049296.1
%u IcIINC 002573.1 NP 066535.1 38

Nfow Icl|NC 021104.1 YP 007890056.1 38

— TelT nad3 Icl

mt Cyanoptyche gloeocystis YP 009092492.1
9‘@ Imasa heleensis YP 010165720.1

Mijak Icl|NC 002553.1 NP 066329.1 23

Mcal Icl|[NC 026311.1 YP 009118101.1 24
— Andgo Icl[NC 021124.1 YP 007890529.1 65
— Pwic Icl|MN794237.1 QO0Z41737.1 24

— Noli Icl[NC 008239.1 YP 665673.1 32
s

Ppro Icl|NC 013935.1 YP 003495131.1 7
jE mt Micromonas

mt Ostreococcus tauri YP 717280.1

Vver IclINC 013986.1 YP 003540832.1 21

100

Mver Icl|[NC 008240.1 YP 665690.1 9
Mpol Icl[NC 037508.1 YP 009479687.1 11
10ar Mt Physcomitrium patens YP 539030.1

10 Ntab Icl|[NC 006581.1 YP 173379.1 30

mt Arabidopsis thaliana YP 009472122.2

85 Bnat Icl|HQ840955.1 ADV41825.1 25
5 Pmir Icl|NC 000892.1 NP 050065.1 10

100~ Mt Polymyxa betae YP 010227888.1
Pbra Icl|LS992577.1 SYZ47129.1 13
mt Spongospora subterranea YP 009350051.1
Tglo Icl[NC 023545.1 YP 009004148.1 46
Aper Icl|KF651061.1 AHA41659.1 23
9 mt Dictyostelium citrinum YP 492632.1
mt Dictyostelium intermedium YP 010191927 .1
Ddis Icl[NC 000895.1 NP 050080.1 14
mt Cavenderia fasciculata YP 001876532.1
mt Heterostelium pallidum YP 209575.1
100|_|r Hsap Icl|NC 012920.1 YP 003024033.1 8
100|_ mt Mus musculus NP 904335.1

00| mt Monodelphis domestica YP 087186.1
9 mt Xenopus tropicalis YP 203377 .1
=

mt Danio rerio NP 059338.1
mt Gallus gallus spadiceus YP 009555268.1
— mt Branchiostoma floridae NP 007762.1
mt Rhizophagus irregularis YP 003875544.1
Dbru Icl|NC 013147.1 YP 003127067.1 5
mt Neurospora
mt Ustilago maydis YP 762684.1
mt Cryptococcus
100 Amac Icl[NC 001715.1 NP 043739.1 15

9

mt Spizellomyces punctatus NP 150322.1

! Tbru ND3.p1

EU 17 18 nad3 Icl
Bmot nad4L/3 Icl
Falb nad3 Icl
mt Caenorhabditis elegans NP 006963.1
Otri Icl|JN383843.1 AEV66650.1 35
—9-9-|{ mt Halteria grandinella YP 010049576.1

o7 99 Stromb Icl|MT471315.1 QPL15893.1 9
— mt Euplotes vanleeuwenhoeki YP 010117056.1

Nova Icl|GU057832.1 ADN85868.1 6

mt Thuricola similis YP 010147316.1

99 88 mt Paramecium tetraurelia AAA79262.1

mt Uronema marinum YP 009512664 .1

mt Ichthyophthirius multifiliis YP 004841731.1

mt Tetrahymena paravorax YP 740786.1

0 Tthe Icl|NC 003029.1 prot NP 149389.1 26

mt Tetrahymena pyriformis NP 049593.1

" e bacterial NADH-quinone oxidoreductase subunit A (3)

bacterial NADH-quinone oxidoreductase subunit A (2)
Chlamydomonas reinhardtii XP 001694359.1
Neorickettsia sennetsu WP 041917496.1
Candidatus Endolissoclinum faulkneri WP 015088292.1

bacterial NADH-quinone oxidoreductase subunit A (17)

bacterial NADH-quinone oxidoreductase subunit A (4)

mt Paulinella micropora YP 009709958.1

Croe Icl[VLTN01000170.1 KAA0145456.1 30

mt Cafileria marina YP 009688832.1

bacterial NADH-quinone oxidoreductase subunit A (2)
bacterial NADH-quinone oxidoreductase subunit A (5)

bacterial NADH-quinone oxidoreductase subunit A (16)

I bacterial NADH-quinone oxidoreductase subunit A (2)

100 e bacterial NADH-quinone oxidoreductase subunit A (2)

100 Dyadobacter fermentans WP 015811935.1

bacterial NADH-quinone oxidoreductase subunit A (4)
Tumebacillus flagellatus WP 038087452.1

bacterial NAD P H-quinone oxidoreductase subunit C (4)
eukaryotic NADH dehydrogenase subunit 3 (2)
bacterial NADH-quinone oxidoreductase subunit A (6)

F— Protein: nad3; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.yeast+F+R7
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bacterial NADH-quinone oxidoreductase subunit N (54)

bacterial NADH-quinone oxidoreductase subunit N (4)
Tumebacillus flagellatus WP 238546089.1

—106{—_4—— eukaryotic NADH dehydrogenase subunit 2 (2)

00 bacterial NADH-quinone oxidoreductase subunit N (4)
bacterial NADH-quinone oxidoreductase subunit N (4)

bacterial NADH-quinone oxidoreductase subunit N (9)

L 100 e bacterial NADH-quinone oxidoreductase subunit N (3)

Elusimicrobium minutum WP 012415303.1
Wolinella succinogenes WP 011139590.1

100

bacterial cation/H antiporter subunit D (35)

bacterial cation/H antiporter subunit D (3)

bacterial NADH dehydrogenase subunit F (16)

bacterial NADH dehydrogenase subunit B (22)

100 bacterial cation/H antiporter subunit D family protein (13)

100 bacterial NADH dehydrogenase subunit M (3)
10 . bacterial NADH ubiquinone oxidoreductase subunit 5 (4)

100

100 103 00 bacterial cation/H antiporter subunit A (21)

89 L 100 bacterial DUF4040 domain-containing proteins (3)
8( 100 e bacterial NAD P H-quinone oxidoreductase subunit D (3)

Nitrosococcus oceani WP 002813042.1
00, autilia profundicola WP 015901831.1
62 100 g pacterial NAD P H-quinone oxidoreductase subunit F (4)
100 bacterial NADH-quinone oxidoreductase subunit L (2)

81y9 bacterial NADH-quinone oxidoreductase subunit L (14)
a0

72177 bacterial NADH-quinone oxidoreductase subunit L (5)

bacterial NADH-quinone oxidoreductase subunit L (2)

100

8 P4 bacterial NADH-quinone oxidoreductase subunit L (10)
32 bacterial NADH-quinone oxidoreductase subunit L (2)
'u' bacterial NADH-quinone oxidoreductase subunit L (3)
8 ."’ bacterial NADH-quinone oxidoreductase subunit L (2)
8 Sphaerobacter thermophilus WP 012870786.1
94 Deferribacter desulfuricans WP 013008670.1
1001100 bacterial NADH-quinone oxidoreductase subunit L (15)
100 100 Magnetococcus marinus WP 011715163.1
1000 bacterial NADH-quinone oxidoreductase subunit L (8)
10®I8 eukaryotic NADH dehydrogenase subunit 5 (7)
Candidatus Pelagibacter ubique WP 011282018.1
84 Hsap YP 003024036.1
98 b
9 bacterial NADH-quinone oxidoreductase subunit L (24)
98 Magnetococcus marinus WP 011713832.1
100| Dpap Icl|APQ44786.1
1 Bmot nad4 Icl
96| | 100 ey bacterial NADH-quinone oxidoreductase subunit M (4)
Nautilia profundicola WP 012663838.1

bacterial NADH-quinone oxidoreductase subunit M (2)
bacterial NADH-quinone oxidoreductase subunit M (4)
bacterial NADH-quinone oxidoreductase subunit M (2)

bacterial NADH-quinone oxidoreductase subunit M (9)

8 J‘ bacterial NADH-quinone oxidoreductase subunit M (8)
1680 bacterial NADH-quinone oxidoreductase subunit M (4)
1090 Ntab NP 054557.2
bacterial NADH-quinone oxidoreductase subunit M (4)
94 99— bacterial NADH-quinone oxidoreductase subunit M (3)
—< bacterial NADH-quinone oxidoreductase subunit M (12)
1 e b cterial NADH-quinone oxidoreductase subunit M (4)

Sphaerobacter thermophilus WP 012870787.1

bacterial NADH-quinone oxidoreductase subunit M (5)
Wolinella succinogenes WP 011138426.1
Magnetococcus marinus WP 011715162.1

bacterial NADH-quinone oxidoreductase subunit M (16)

bacterial NADH-quinone oxidoreductase subunit M (9)

bacterial NADH-quinone oxidoreductase subunit M (24)

Candidatus Pelagibacter ubique WP 011282019.1
100~ Cmar Icl|[NC 013837.1 prot YP 003434218.1 11
mt Heterosigma akashiwo YP 005090296.1
mt Ectocarpus siliculosus YP 009254723.1
mt Schizocladia ischiensis YP 010032393.1
mt Aureoumbra lagunensis YP 010152741.1
o[ mt Pelagomonas calceolata YP 010152709.1
mt Aureococcus anophagefferens QG124642.1
mt Aureococcus anophagefferens JAFCAI010000151.1
ho) mt Triparma laevis YP 009163710.1
?’% Ptri Icl|HQ840789.1 ADY18501.1 3
Tpse IclINC 007405.1 YP 316594.1 9
1bo| hoo mt Trachydiscus minutus YP 009237658.1
WQQT mt Vischeria stellata YP 009579066.1
100; mt Nannochloropsis gaditana AGI49047.1
mt Microchloropsis salina YP 008519362.1
NAST4A nad4 Icl
89r Pame Icl|[NC 001823.1 NP 044801.1 57
mt Histiona aroides YP 007890597 .1
mt Jakoba bahamiensis YP 007890616.1
mt Jakoba libera YP 0078907371
mt Seculamonas ecuadoriensis YP 007890803.1
Andgo Icl[NC 021124.1 YP 007890521.1 57
Atwi Icl|NC 036491.1 YP 009446427.1 11
100, Pico Icl|MG202007.1 ATY40886.1 21
Pico 48402 5
Nqua nad4 Icl
TelT nad4 Icl
Nsim EP00160 Parvularia atlantis P013444
Maro Icl|AP019310.1 BBH42940.1 39
Ttra Icl|NC 026452.1 YP 009121386.1 13
74 Pbil Icl]NC 031832.1 YP 009317209.1 3
5 99 Ntab Icl[NC 006581.1 YP 173418.1 70
Ntab XP 016462469.1
Ntab Icl|[NC 006581.1 YP 173417.1 69
Ntab Icl|INC 006581.1 YP 173416.1 68
mt Arabidopsis thaliana YP 009472114.2
Mpol Icl|NC 037508.1 YP 009479679.1 3
mt Physcomitrium patens YP 539018.1
Noli Icl|NC 008239.1 YP 665649.1 8
mt Ostreococcus tauri YP 717299.1
mt Micromonas
Mver Icl|[NC 008240.1 YP 665717.1 36
Pwic Icl|[MN794237.1 Q0Z41720.1 7
Mjak IclINC 002553.1 NP 066349.1 43
Mcal IclINC 026311.1 YP 009118104.1 27
mt Imasa heleensis YP 010165727 .1
Drot Icl[NC 029886.1 YP 009245590.1 21
Nsim EP00160 Parvularia atlantis P013447

1(1)00-[ mt Cyanophora biloba YP 010041677.1

(=]
-]

| Fa'2)

10

mt Cyanophora sudae YP 010041715.1
Cpar Icl[NC 017836.1 YP 006280852.1 35
EGnos IclINC 015117.1 YP 004222735.1 7
mt Gloeochaete wittrockiana YP 009092461.1
mt Cyanoptyche gloeocystis YP 009092498.1
Cmer Icl[NC 000887.3 NP 059361.1 13
Ppur IclINC 002007.1 NP 049306.1 13
mt Chondrus crispus NP 062496.1
Rsal Icl[NC 002572.1 NP 066468.1 15
mt Storeatula NC 037452.1 YP 009476650.1 14
mt Proteomonas sulcata YP 009476713.1
mt Teleaulax amphioxeia YP 009475792.1
Gthe Icl|MH844545.1 QBJ06317.1 32
mt Cryptomonas curvata YP 009476758.1
Hand Icl[NC 010637.1 YP 001874783.1 27
mt Chroomonas placoidea YP 009476603.1
Hmar Icl|LC515367.1 BBQ05339.1 15
Lmar Icl|NC 045933.1 YP 009730052.1 8
100 mt Mus musculus NP 904337.1
mt Monodelphis domestica YP 087188.1
Hsap Icl|NC 012920.1 prot YP 003024035.1 10
mt Gallus
mt Xenopus tropicalis YP 203379.1
100 mt Danio rerio NP 059340.1
mt Branchiostoma floridae NP 007764.1
—— mt Drosophila melanogaster YP 009047274.1

mt Ministeria vibrans YP 007476206.1
mt Sphaerothecum destruens YP 009734656.1
Cowec Icl|KC573038.1 AGE93628.1 62
Mbre Icl[NC 004309.1 NP 696964.1 1
mt Trichoplax adhaerens YP 654098.1
mt Spizellomyces punctatus NP 150315.1
Amac Icl|[NC 001715.1 NP 043741.1 17
mt Rhizophagus irregularis YP 003875533.1
Dbru Icl[NC 013147.1 YP 003127066.1 4
mt Neurospora
mt Ustilago maydis YP 762696.1
mt Cryptococcus

Falb Icl|[NW 009243184.1 XP 009498424.1 5
Bnat Icl|HQ840955.1 ADV41833.1 33
Crei Icl|NC 001638.1 NP 042565.1 2
Ppro IclINC 013935.1 YP 003495127.1 3
mt Diacronema viridis YP 010127222.1
Ehux Icl|[JN022704.1 AEI29460.1 6
mt Isochrysis galbana NC 066487.1 YP 010486781.1 12
mt Phaeocystis globosa YP 010230011.1
100 Ctob Icl|KJ201908.1 AHY04424.1 13
mt Chrysochromulina parva YP 009459316.1
Ngru Icl|NC 002573.1 NP 066531.1 34
Nfow Icl|NC 021104.1 YP 007890052.1 34
mt Pleurostomum flabellatum YP 010049291.1
Akon Icl|NC 026286.1 YP 009117146.1 35
mt Stachyamoeba lipophora YP 009118153.1
Pkir Icl|NC 034798.1 YP 009370842.1 36
HBB2 Icl|AQL10456.1
Tglo IclNC 023545.1 YP 009004135.1 33
Vver IclINC 013986.1 YP 003540850.1 39
mt Paravannella minima YP 009557774.1
Acas Icl[INC 001637.1 NP 042533.1 10
mt Paramoeba pemaquidensis YP 009308409.1
mt Balamuthia mandrillaris YP 009163150.1
Nsim Icl[NC 020369.1 YP 007476176.1 31
Cvie Icl|[MG202006.1 ATY40861.1 20
mt Ochromonas danica NP 066417.1
mt Synura synuroidea NP 038174.1
b5 Gsul Icl|NC 024666.1 YP 009051203.1 6
] — mt Cavenderia fasciculata YP 001876511.1

108} — mt Heterostelium pallidum YP 209601.1
100 Mt Dictyostelium intermedium YP 010191914.1
QﬂE Ddis Icl[NC 000895.1 NP 050069.1 1
mt Dictyostelium citrinum YP 492645.2
mt Pseudoperonospora humuli YP 009645876.1
mt Pseudoperonospora cubensis YP 009164890.1
mt Peronospora belbahrii YP 010394043.1
mt Plasmopara halstedii YP 010394621.1
mt Plasmopara viticola YP 009729735.1
mt Phytophthora versiformis YP 010394789.1
mt Phytophthora sojae YP 0011653971
mt Peronospora tabacina YP 009178793.1
mt Hyaloperonospora arabidopsidis YP 010393991.1
mt Phytophthora agathidicida YP 010117826.1
mt Bremia lactucae YP 009547888.1
mt Phytopythium vexans YP 010395049.1
mt Pythium insidiosum YP 009167051.1
mt Globisporangium ultimum YP 003734843.1
Ainv Icl[NC 032052.1 YP 009327278.1 42
mt Aphanomyces astaci YP 009327232.1
mt Thraustotheca clavata YP 008475409.1
mt Achlya hypogyna YP 008475347 .1
mt Saprolegnia ferax YP 052911.1
MASTS3i nad4 Icl
Taur Icl|AF288091.2 AAG23678.1 23
mt Proteromonas lacertae YP 003795215.1
Blasto Icl|EF494740.3 ACH86071.1 10
mt Blastocystis hominis XP 012897861.1
mt Polymyxa betae YP 010227892.1
mt Spongospora subterranea YP 009350055.1
Pbra Icl|LS992577.1 SYZ47121.1 5
Pmar Icl[INC 026310.1 YP 009118068.1 16
mt Paulinella micropora YP 009709955.1
Croe Icl|[VLTNO1000170.1 KAA0145427.1 1
mt Cafileria marina YP 009688845.1
Aper Icl|KF651061.1 AHA41642.1 6
Pmir Icl|NC 000892.1 NP 050061.1 6
EU 17 18 nad4 Icl
mt Caenorhabditis elegans NP 006960.1
97— Tbru Icl|QEG98422.1
100 mt Trypanosoma cruzi marinkellei AGF94776.1
100 99 E mt Angomonas deanei AlL54351.1
r mt Leishmania infantum DAC80397.1
Euglena gracilis var. bacillaris Icl|ALQ28778.1

100 Otri Icl|JN383843.1 AEV66679.1 64
100 100 mt Halteria grandinella YP 0100495941
Stromb Icl|MT471315.1 QPL15911.1 27

100 mt Euplotes vanleeuwenhoeki YP 010117038.1
100— Nova Icl|GU057832.1 ADN85877.1 15
100 L—— Nova EP00826 Nyctotherus ovalis P017095
100 mt Thuricola similis YP 010147320.1
100 mt Parame_qium aur_eglig NP 039496.1
100 mt Ichthyophthirius multifiliis YP 004841747.1
mt Uronema marinum YP 009512639.1
1 mt Tetrahymena paravorax YP 740803.1
10Q)g; Tthe IcI|NC 003029.1 prot NP 149407.1 44
100]|" mt Tetrahymena malaccensis YP 740759.1
10(r mt Tetrahymena pigmentosa YP 740847.1
mt Tetrahymena pyriformis NP 049610.1

10
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F—  Protein: nad4; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+F+R10
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9

8
go| 100

87 bacterial NADH-quinone oxidoreductase subunit K (9)
— Wolinella succinogenes WP 011138424.1
Elusimicrobium minutum WP 012415301 .1
1 Acetomicrobium mobile WP 014807282.1
bacterial cation proton antiporter subunit C (3)

gf bacterial NADH-quinone oxidoreductase subunit K (5)
bacterial NADH-quinone oxidoreductase subunit K (2)
bacterial NADH-quinone oxidoreductase subunit K (2)

8:< bacterial NADH-quinone oxidoreductase subunit K (13)

9 Tumebacillus flagellatus WP 038087439.1
Sporomusaceae WP 018703796.1 MULTISPECIES

Carboxydothermus WP 011344325.1 MULTISPECIES

Crinalium epipsammum WP 015204408.1

Stanieria cyanosphaera WP 015192130.1

94~ Anabaena cylindrica WP 015212764.1

100 95 Acaryochloris WP 012162654.1 MULTISPECIES

Ntab NP 054559.1

==l hacterial NADH-quinone oxidoreductase subunit K (3)

Turneriella parva WP 014802760.1

Chlamydomonas reinhardtii XP 001697656.1

Neorickettsia sennetsu WP 0114514211

Orientia tsutsugamushi WP 011945179.1

Candidatus Midichloria mitochondrii WP 013950651.1

bacterial NADH-quinone oxidoreductase subunit K (4)

< bacterial NADH-quinone oxidoreductase subunit K (18)

8 Paracoccus WP 010392916.1 MULTISPECIES
bacterial NADH-quinone oxidoreductase subunit K (5)

[~ Rhodospirillum centenum WP 012566430.1

8- Magnetospirillum magneticum WP 011385156.1

bacterial NADH-quinone oxidoreductase subunit K (14)

— Roseobacter WP 011569388.1 MULTISPECIES
Gsul Icl[NC 024666.1 YP 009051208.1 11

Acas Icl[NC 001637.1 NP 042538.1 15
"0[‘ [ Candidatus Paracaedibacter symbiosus WP 052046378.1

©
(o¢]

mt Paravannella minima YP 0095577721
mt Paramoeba pemaquidensis YP 009308404.1

— Vver Icl|NC 013986.1 prot YP 003540857.1 46
mt Ectocarpus siliculosus YP 009254705.1
mt Schizocladia ischiensis YP 010032409.1
mt Synura synuroidea NP 038161.1
mt Ochromonas danica NP 066448.1
Bnat Icl|HQ840955.1 ADV41829.1 29
Aper Icl|KF651061.1 AHA41640.1 4
Bmot nad4L/3 Icl
100; mt Aureococcus anophagefferens QGI124652.1
mt Pelagomonas calceolata YP 010152737.1
mt Aureoumbra lagunensis YP 010152775.1
Ptri Icl|HQ840789.1 ADY18529.1 32
Tpse IclNC 007405.1 YP 316614.1 29

mt Triparma laevis YP 009163701.1
100; mt Mus musculus NP 904336.1

Nsim EP00160 Parvularia atlantis PO06802
Hsap Icl|[NC 012920.1 YP 003024034.1 9
mt Monodelphis domestica YP 087187.1
mt Xenopus tropicalis YP 203378.1
100 mt Gallus gallus spadiceus YP 009555269.1
— mt Danio rerio NP 059339.1
99 L mt Branchiostoma floridae NP 007763.1

8 9%| mt Caenorhabditis elegans NP 006954.1

80
969

EU 17 18 nad4L Icl
I mt Drosophila melanogaster YP 009047275.1
100— Croe Icl[VLTNO1000170.1 KAA0145433.1 7
L——— mt Cafileria marina YP 009688830.1
(a4 ‘E mt Proteromonas lacertae YP 003795206.1

Blasto Icl|EF494740.3 ACH86086.1 25
mt Blastocystis hominis XP 012897866.1
g{ mt Vischeria stellata YP 009579056.1

mt Nannochloropsis gaditana AGI49068.1
mt Trachydiscus minutus YP 009237687.1
81m_LCmar IclINC 013837.1 YP 003434228.1 21

O

mt Heterosigma akashiwo YP 005090304.1
Hmar Icl|LC515367.1 BBQ05337.1 13
Taur Icl|AF288091.2 AAG23681.1 26
100; Ngru Icl|[NC 002573.1 NP 066502.1 5
Nfow Icl|NC 021104.1 YP 007890023.1 5
mt Pleurostomum flabellatum YP 010049256.1
Pkir Icl[INC 034798.1 YP 009370833.1 27
HBB2 nad4L Icl]AQL10450.1
mt Stachyamoeba lipophora YP 009118151.1
I Akon Icl[NC 026286.1 YP 009117144.1 33
oo~ Pbra Icl|LS992577.1 SYZ47158.1 42
1'07& mt Polymyxa betae YP 010227899.1
mt Spongospora subterranea YP 009350064.1
— mt Paulinella micropora YP 009709946.1
b4| T MAST3i nad4L Icl
1 | 10Q mt Achlya hypogyna YP 008475374.1
10Q! mt Saprolegnia ferax YP 052885.1
1 mt Thraustotheca clavata YP 008475384.1
10 Ainv Icl[INC 032052.1 YP 009327243.1 7
3 mt Aphanomyces astaci YP 009327197.1
- mt Pythium insidiosum YP 009167020.1
mt Globisporangium ultimum YP 003734809.1
mt Phytopythium vexans YP 010395012.1
l9f mt Phytophthora sojae YP 001165406.1
mt Peronospora tabacina YP 0091787971
mt Phytophthora versiformis YP 010394793.1
mt Peronospora belbahrii YP 010394047 .1
90 mt Pseudoperonospora cubensis YP 0091648941
mt Pseudoperonospora humuli YP 009645880.1
mt Hyaloperonospora arabidopsidis YP 010394003.1
mt Plasmopara viticola YP 009729762.1
7g mt Plasmopara halstedii YP 010394636.1
mt Bremia lactucae YP 009547903.1

— Tglo IclINC 023545.1 YP 009004133.1 31
mt Tetrahymena pigmentosa YP 740832.1

mt Tetrahymena paravorax YP 740788.1
mt Tetrahymena pyriformis NP 049595.1
00y Tthe Icl[NC 003029.1 prot NP 149391.1 28
97 mt Tetrahymena malaccensis YP 740743.1
mt Uronema marinum YP 009512665.1

98 L mt Ichthyophthirius multifiliis YP 004841732.1

9 Stromb Icl|MT471315.1 QPL15921.1 37
81 4%1? Ofri IcI|JN383843.1 AEV66697.1 83

mt Halteria grandinella YP 010049604.1
Tbru Icl|AAA84740.1
Nova Icl|GU057832.1 ADN85881.1 19
Falb nad4L Icl

Pmar IclINC 026310.1 YP 009118066.1 14
mt Balamuthia mandrillaris YP 009163128.1
mt Spizellomyces punctatus AAK84236.1
Amac Icl[NC 001715.1 NP 043744.1 20
Pmir Icl[NC 000892.1 NP 050059.1 4
Dbru Icl[NC 013147.1 YP 003127073.1 11

1

D

8

83

7|' mt Neurospora
mt Rhizophagus irregularis YP 003875535.1
mt Ustilago maydis YP 762701.1
mt Cryptococcus
— Atwi Icl|NC 036491.1 YP 009446471.1 55
mt Diacronema viridis YP 010127212.1
0 Ehux Icl|[JN022704.1 AEI29462.1 8
D mt Isochrysis galbana NC 066487.1 YP 010486787.1 18
0 Ctob Icl|KJ201908.1 AHY04432.1 21
mt Phaeocystis globosa YP 010230022.1
mt Cyanophora sudae YP 010041722.1
mt Cyanophora biloba YP 01004 1680.1
Cpar Icl[NC 017836.1 YP 006280822.1 5
mt Cyanoptyche gloeocystis YP 009092505.1
95— mt Gloeochaete wittrockiana YP 009092455.1
Gnos IclINC 015117.1 YP 004222762.1 34
Cvie Icl|[MG202006.1 ATY40851.1 9
Ppro IclINC 013935.1 YP 003495136.1 12
— Cmer Icl[NC 000887.3 NP 059381.1 33
100; Rsal IclINC 002572.1 NP 066470.1 17
mt Storeatula NC 037452.1 YP 009476648.1 12
Ppur IclINC 002007.1 NP 049322.1 29
mt Chondrus crispus NP 062504.1
Hand Icl[NC 010637.1 YP 001874761.1 5
mt Chroomonas placoidea YP 009476592.1
mt Teleaulax amphioxeia YP 009475794 .1
mt Proteomonas sulcata YP 009476711.1
Gthe Icl|MH844545.1 QBJ06318.1 34
mt Cryptomonas curvata YP 009476760.1
mt Trichoplax adhaerens YP 654084.1
jTL; mt Ministeria vibrans YP 007476205.1
Mbre Icl|NC 004309.1 NP 696976.1 13
B Cowc Icl[KC573038.1 AGE93596.1 30
mt Nematostella vectensis XP 001637711.1
— mt Sphaerothecum destruens YP 009734660.1
Nsim Icl[NC 020369.1 YP 007476178.1 33
op[—— Lmar IclINC 045933.1 YP 009730050.1 6
] mt Heterostelium pallidum YP 209600.1
100 mt Cavenderia fasciculata YP 001876558.1
00 mt Dictyostelium intermedium YP 010191913.1
Ddis Icl[NC 000895.1 NP 050108.1 42
mt Dictyostelium citrinum YP 003579827 .1
— mt Imasa heleensis YP 010165745.1
— MAST4A nad4L Icl
— Nqua nad4L Icl
— Drot Icl[NC 029886.1 YP 009245572.1 3
Mpol Icl|NC 037508.1 YP 009479705.1 29
mt Physcomitrium patens YP 539012.2
Mpol PTQ49691.1
1000 Ntab Icl|[NC 006581.1 YP 173389.1 40
mt Arabidopsis thaliana YP 009472128.2
Mver Icl|[NC 008240.1 YP 665697.1 16
Pwic Icl|[MN794237.1 Q0OZ41740.1 27
fi- Noli IclINC 008239.1 YP 665667.1 26
' mt Ostreococcus tauri YP 717307.1

Q

10
10
9

91 - mt Micromonas
100y Pico Icl|MG202007.1 ATY40893.1 28
99 1pico 46597 3
TelT nad4L Icl

Mijak Icl[NC 002553.1 NP 066308.1 1
Mcal Icl[NC 026311.1 YP 009118082.1 5
Maro Icl|AP019310.1 BBH42938.1 37
Ttra Icl[NC 026452.1 YP 009121400.1 27
I~ Pbil IclINC 031832.1 YP 009317213.1 7
mt Jakoba bahamiensis YP 007890614.1
3% Andgo Icl|NC 021124.1 prot YP 007890523.1 59

mt Histiona aroides YP 007890595.1

1, Pame IclINC 001823.1 NP 044799.1 55
mt Jakoba libera YP 007890740.1

F— Protein: nad4L; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.yeast+F+R6
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fﬁ(o

100

93

100

M bacterial NADH-quinone oxidoreductase subunit B (15)

100 ey bacterial NADH-quinone oxidoreductase subunit F (4)
bacterial oxidoreductase family proteins (3)

bacterialcation/H antiporter subunit D family protein (14)
bacterial NADH-quinone oxidoreductase subunit M (8)
bacterial NADH dehydrogenase subunit M (3)
bacterial cation/H antiporter subunit D family protein (11)

bacterial NADH dehydrogenase family proteins (3)

100 e bacterial NADH-quinone oxidoreductase subunit D (3)
100

bacterial cation/H antiporter subunit A (24)

Nitrosococcus oceani WP 002813042.1
Rubrobacter xylanophilus WP 011563122.1

bacterial oxidoreductase family proteins (13)

Dpap Icl|APQ44787.1

100

e —— ]

Bmot nad5 Icl

bacterial NAD P H-quinone oxidoreductase subunit F (8)
Nautilia profundicola WP 015901831.1
Turneriella parva WP 014802761.1

bacterial NADH-quinone oxidoreductase subunit L (2)
bacterial NADH-quinone oxidoreductase subunit L (4)

bacterial NADH-quinone oxidoreductase subunit L (2)
bacterial NADH-quinone oxidoreductase subunit L (2)

bacterial NADH-quinone oxidoreductase subunit L (4)

bacterial NADH-quinone oxidoreductase subunit L (2)
Mvir EP00899 Mesostigma viride P012290

Nicotiana tabacum Ntab NP 054554.1

Acaryochloris marina WP 012162964.1
Stanieria cyanosphaera WP 015192474 1
Anabaena cylindrica WP 015214847 1
Crinalium epipsammum WP 015203084.1

‘ bacterial NADH-quinone oxidoreductase subunit L (19)
B e pcterial NADH-quinone oxidoreductase subunit L (2)

bacterial NADH-quinone oxidoreductase subunit L (16)
Magnetococcus marinus WP 011715163.1

bacterial NADH-quinone oxidoreductase subunit L (25)

87

Candidatus Midichloria mitochondrii WP 013950650.1
bacterial NADH-quinone oxidoreductase subunit L (4)
Orientia tsutsugamushi WP 012462047 .1

Mvir EP00899 Mesostigma viride P016903

001 Rickettsia prowazekii WP 004596922.1

Rickettsia conorii WP 233417479.1

Candidatus Pelagibacter ubique WP 011282018.1

100
9

[0

by

100f3

Euglena gracilis var. bacillaris Icl|ALQ28779.1

Hsap Icl|NC 012920.1 YP 003024036.1 11
mt Mus musculus NP 904338.1
mt Monodelphis domestica YP 087189.1
mt Danio rerio NP 059341.1
mt Xenopus tropicalis YP 203380.1
mt Gallus gallus spadiceus YP 009555271.1

— mt Branchiostoma floridae NP 007765.1

—1

mt Caenorhabditis elegans NP 006964.1

mt Drosophila melanogaster YP 009047273.1

8 Tbru Icl|QEG98421.1
1091 |

100

mt Leishmania infantum DAC80398.1
L mt Angomonas deanei AlL54350.1

1001 Tthe Icl|NC 003029.1 NP 149396.1 33

100

mt Tetrahymena malaccensis YP 740748.1

mt Tetrahymena pigmentosa YP 740836.1

mt Tetrahymena pyriformis NP 049599.1

mt Tetrahymena paravorax YP 740792.1

mt Ichthyophthirius multifiliis YP 004841737.1

mt Uronema marinum YP 009512668.1
mt Paramecium aurelia NP 039486.1

mt Thuricola similis YP 010147328.1

1 00— Ofri Icl|JN383843.1 AEV66639.1 24

1
1000Q|£ mt Halteria grandinella YP 010049569.1

Stromb Icl|MT471315.1 QPL15886.1 2

— mt Euplotes vanleeuwenhoeki YP 0101170241

Nova Icl|GU057832.1 ADN85887.1 25
100f | Nova EP00826 Nyctotherus ovalis P055230
100} Nova EP00826 Nyctotherus ovalis P055231
10Q¢ Nova EP00826 Nyctotherus ovalis P055233
Nova EP00826 Nyctotherus ovalis P055229

Bnat Icl|[HQ840955.1 ADV41808.1 8

Mbre IclINC 004309.1 NP 696972.1 9
mt Trichoplax adhaerens YP 654093.3

Cowec Icl|[KC573038.1 AGE93627.1 61

Falb Icl XP 009498413.1
Nsim Icl[NC 020369.1 YP 007476179.1 34

mt Sphaerothecum destruens YP 009734661.1
— Tglo IclINC 023545.1 YP 009004134.1 32
— mt Paravannella minima YP 009557773.1
100[ Rsal Icl[NC 002572.1 NP 066469.1 16
mt Storeatula NC 037452.1 YP 009476649.1 13

87 100 mt Dictyostelium intermedium YP 010191910.1

100

ibg| 10

87

mt Dictyostelium citrinum YP 492646.1
100| ! Ddis Icl[NC 000895.1 NP 050105.1 39

mt Heterostelium pallidum YP 209597.1
mt Cavenderia fasciculata YP 001876555.1

— mt Balamuthia mandrillaris YP 009163130.1
Acas Icl[NC 001637.1 NP 042530.1 7

mt Ministeria vibrans YP 007476202.1

Aper Icl|KF651061.1 AHA41646.1 10

mt Paulinella micropora YP 009709968.1

1005 Vver Icl|NC 013986.1 YP 003540848.1 37

Vver EP00029 Vermamoeba vermiformis PO08906
mt Paramoeba pemaquidensis YP 009308405.1
Aper Icl|KF651061.1 AHA41641.1 5

Pmir Icl|NC 000892.1 NP 050057.1 2
Pmar Icl[NC 026310.1 YP 009118074.1 22

EU 17 18 nad5 Icl

Pkir Icl[NC 034798.1 YP 009370838.1 32

DO

N
N

10

TelT nad5 Icl
Nqua nad5 Icl

mt Cryptococcus
mt Rhizophagus irregularis YP 003875530.1

Pkir EPO0761 Pharyngomonas kirbyi P014203
HBB2 Icl|AQL10475.1
Akon Icl|[NC 026286.1 YP 009117145.1 34
mt Stachyamoeba lipophora YP 009118152.1
mt Pleurostomum flabellatum YP 010049267.1
0 Ngru Icl|NC 002573.1 NP 066511.1 14
Nfow Icl[NC 021104.1 YP 007890032.1 14
Bnat Icl|HQ840955.1 ADV41805.1 5
— Lmar IclINC 045933.1 YP 009730051.1 7
mt Cyanoptyche gloeocystis YP 009092497.1
Cvie Icl|[MG202006.1 ATY40846.1 4
Cmer Icl|NC 000887.3 NP 059362.1 14

Gsul Icl[NC 024666.1 YP 009051202.1 5

Crei Icl|NC 001638.1 NP 042566.1 3
Ppur Icl[NC 002007.1 NP 049307.1 14
mt Chondrus crispus NP 062497 .1
— Amac Icl[NC 001715.1 NP 043727.1 5

199/ —— mt Coemansia
9¢ mt Spizellomyces punctatus NP 150324 .1
9 mt Ustilago maydis YP 762702.1
9

9

Dbru IclINC 013147.1 YP 003127072.1 10

mt Neurospora

MAST3i nad5 Icl
Taur Icl|AF288091.2 AAG23669.1 14
100 Croe Icl|[VLTNO1000170.1 KAA0145439.1 13
mt Cafileria marina YP 009688840.1
100; mt Gloeochaete wittrockiana YP 009092462.1
Cvie GILI01080385.1.p1
Gnos IclINC 015117.1 YP 004222736.1 8
1bor~ Cpar Icl[NC 017836.1 YP 006280844.1 27
mt Cyanophora sudae YP 010041752.1
mt Cyanophora biloba YP 010041705.1
mt Diacronema viridis YP 010127220.1
0 Ehux Icl|JN022704.1 AEI29468.1 14
1O mt Isochrysis galbana NC 066487.1 YP 010486773.1 4
10 mt Phaeocystis globosa YP 010230025.1
00 Ctob Icl|KJ201908.1 AHY04414.1 3
mt Chrysochromulina parva YP 009459327 .1
00— Gthe Icl|MH844545.1 QBJ06316.1 33
mt Cryptomonas curvata YP 009476759.1
mt Teleaulax amphioxeia YP 009475793.1
mt Proteomonas sulcata YP 009476712.1
Hand Icl[NC 010637.1 YP 001874762.1 6
mt Chroomonas placoidea YP 009476593.1
Hmar Icl|LC515367.1 BBQ05338.1 14
100y Pico Icl|MG202007.1 ATY40894.1 29
Pico 46597 3
1005 mt Aureococcus anophagefferens QG124643.1
00[L mt Pelagomonas calceolata YP 010152708.1
mt Aureoumbra lagunensis YP 010152742.1
mt Triparma laevis YP 009163709.1
JOr Cmar Icl[NC 013837.1 YP 003434224.1 17
mt Heterosigma akashiwo YP 005090303.1
mt Ectocarpus siliculosus YP 009254724 1
mt Schizocladia ischiensis YP 010032394.1
mt Vischeria stellata YP 009579072.1
r mt Trachydiscus minutus YP 009237664.1

mt Microchloropsis salina YP 008519367.1
Ptri Icl|HQ840789.1 ADY18533.1 36
Tpse IclNC 007405.1 YP 316588.1 3
MAST4A nad5 Icl
100 Blasto Icl|[EF494740.3 ACH86079.1 18

mt Blastocystis hominis XP 012897871.1

mt Proteromonas lacertae YP 003795229.1

mt Ochromonas danica NP 066415.1

mt Synura synuroidea NP 038172.1

mt Saprolegnia ferax YP 052886.1

mt Thraustotheca clavata YP 008475385.1

mt Achlya hypogyna YP 008475373.1

Ainv IclINC 032052.1 YP 009327244.1 8

mt Aphanomyces astaci YP 009327198.1

mt Pythium insidiosum YP 009167015.1

mt Globisporangium ultimum YP 003734812.1

mt Phytopythium vexans YP 010395008.1

mt Phytophthora sojae YP 001165399.1

mt Phytophthora agathidicida YP 010117824.1

mt Phytophthora versiformis YP 010394791.1

mt Plasmopara halstedii YP 010394634.1

mt Plasmopara viticola YP 009729748.1

mt Pseudoperonospora humuli YP 009645878.1
mt Pseudoperonospora cubensis YP 009164892.1
mt Bremia lactucae YP 009547901.1

mt Peronospora tabacina YP 009178795.1

mt Peronospora belbahrii YP 010394045.1

mt Hyaloperonospora arabidopsidis YP 010394005.1
— Drot Icl|NC 029886.1 YP 009245579.1 10

100~ Mijak Icl[NC 002553.1 NP 066346.1 40

Mecal Icl[NC 026311.1 YP 009118091.1 14

mt Imasa heleensis YP 010165719.1

Maro Icl|AP019310.1 BBH42941.1 29

Nsim EP00160 Parvularia atlantis PO00968

Ttra Icl|INC 026452.1 YP 009121385.1 12

Pbra Icl|LS992577.1 SYZ47132.1 16

mt Spongospora subterranea YP 009350049.1

mt Polymyxa betae YP 010227886.1

Pbil Icl|[NC 031832.1 YP 009317212.1 6

Pame Icl|[NC 001823.1 NP 044800.1 56

mt Histiona aroides YP 007890596.1

mt Seculamonas ecuadoriensis YP 007890802.1
mt Jakoba bahamiensis YP 007890615.1

mt Jakoba libera YP 007890739.1

Andgo Icl|[NC 021124.1 YP 007890522.1 58

Atwi Icl|NC 036491.1 YP 009446429.1 13

Mver Icl[NC 008240.1 YP 665716.1 35

mt Ostreococcus tauri YP 717300.1

mt Micromonas
Ppro Icl[NC 013935.1 YP 003495126.1 2
Pwic Icl|[MN794237.1 Q0Z41721.1 8

Noli Icl|NC 008239.1 YP 665648.1 7

mt Physcomitrium patens YP 539016.2

Mpol Icl|NC 037508.1 YP 009479678.1 2

100 Mt Arabidopsis thaliana YP 009472097.2
10q Ntab Icl|[NC 006581.1 YP 173349.1 66

100~ Nicotiana tabacum Ntab XP 016480393.1
Nicotiana tabacum Ntab XP 016486278.1

- Protein: nad5; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+F+R10
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—

CﬁE Hsap Icl|NC 012920.1 YP 003024037.1 12
mt Mus musculus NP 904339.1
— mt Monodelphis domestica YP 087190.1

mt Danio rerio NP 059342.1
90 mt Xenopus tropicalis YP 203381.1

100 — mt Branchiostoma floridae NP 007766.1

mt Drosophila melanogaster YP 009047276.1

mt Gallus gallus spadiceus YP 009555273.1

[{e]}
S

Ptri Icl|HQ840789.1 ADY18499.1 1
Tpse IclINC 007405.1 YP 316590.1 5
mt Synura synuroidea NP 038167.1
Dbru Icl|NC 013147.1 YP 003127065.1 3
mt Ochromonas danica NP 066440.1
mt Vischeria stellata YP 009579086.1
mt Trachydiscus minutus YP 009237686.1
10Q) mt Nannochloropsis gaditana AGI49067.1
mt Microchloropsis salina YP 008519382.1
5 mt Ectocarpus siliculosus YP 009254725.1
mt Schizocladia ischiensis YP 010032395.1
9 mt Aureoumbra lagunensis YP 010152749.1
1 mt Aureococcus anophagefferens QGI124639.1
mt Pelagomonas calceolata YP 010152712.1
oF mt Triparma laevis YP 009163732.1
1 Cmar Icl|NC 013837.1 YP 003434232.1 25
mt Heterosigma akashiwo YP 005090310.1
Pkir Icl|NC 034798.1 YP 009370835.1 29
Bnat Icl|HQ840955.1 ADV41832.1 32
Gsul Icl|[NC 024666.1 YP 009051211.1 14
Nsim Icl[NC 020369.1 YP 007476163.1 18
mt Ministeria vibrans YP 007476207 .1
1007 Blasto Icl|[EF494740.3 ABU87591.2 2
00" L mt Blastocystis hominis XP 012897863.1
mt Proteromonas lacertae YP 003795207 .1
Pbra Icl|LS992577.1 prot SYZ47130.1 14
mt Polymyxa betae YP 010227887.1

81 mt Spongospora subterranea YP 009350050.1

10

[(e]
J

Crei IclINC 001638.1

mt Paulinella micropora YP 009709948.1
mt Saprolegnia ferax YP 052920.1
mt Achlya hypogyna YP 008475338.1
mt Thraustotheca clavata YP 008475382.1
Ainv Icl[INC 032052.1 YP 009327240.1 4
mt Aphanomyces astaci YP 009327194.1
mt Pythium insidiosum YP 009167039.1
mt Phytopythium vexans YP 010395009.1
mt Globisporangium ultimum YP 003734811.1
mt Phytophthora sojae YP 001165400.1
mt Phytophthora agathidicida YP 010117823.1
mt Phytophthora versiformis YP 010394792.1
mt Pseudoperonospora humuli YP 009645879.1
mt Pseudoperonospora cubensis YP 009164893.1
mt Plasmopara halstedii YP 010394635.1
mt Plasmopara viticola YP 009729749.1
mt Peronospora belbahrii YP 010394046.1
mt Peronospora tabacina YP 009178796.1
8% mt Hyaloperonospora arabidopsidis YP 010394004.1
mt Bremia lactucae YP 009547902.1
— mt Diacronema viridis YP 010127225.1
100 Ctob Icl|KJ201908.1 AHY04418.1 7
mt Chrysochromulina parva YP 009459331.1
D mt Phaeocystis globosa YP 010230020.1
00— Ehux Icl|JJN022704.1 AEI29472.1 18
mt Isochrysis galbana NC 066487.1 YP 010486785.1 16
Tbru CR4.p1 Icl
mt Sphaerothecum destruens YP 009734647.1

NP 042569.1 6

1001 Ngru Icl[NC 002573.1 NP 066515.1 18
Nfow Icl|[NC 021104.1 YP 007890036.1 18
mt Pleurostomum flabellatum YP 010049272.1

Akon Icl[NC 026286.1 YP 009117141.1 30

HBB2 Icl|AQL10467.1

mt Stachyamoeba lipophora YP 009118143.1
Aper Icl|KF651061.1 AHA41643.1 7

Pmir Icl[NC 000892.1 NP 050064.1 9

Falb Icl orf10161

mt Paravannella minima YP 009557813.1

Elusimicrobium minutum WP 012415302.1
— Cvie Icl|[MG202006.1 ATY40849.1 7

Hoor—

100

EU18 NODE 136 length 10329 cov 99.086042 14

Croe Icl|VLTN01000170.1 KAA0145432.1 6

mt Cafileria marina YP 009688853.1

MAST3i nad6 Icl

100 Ddis Icl[NC 000895.1 prot NP 050082.1 16
mt Dictyostelium citrinum YP 492630.1
mt Dictyostelium intermedium YP 010191930.1
mt Heterostelium pallidum YP 209611.1
mt Cavenderia fasciculata YP 001876525.1

100[ mt Tetrahymena malaccensis YP 740756.1

[{o]

10

97

9

10 mt Ustilago maydis YP 762704.1
mt_Cryptococcus neoformans var. grubii_ H99 YP_006883714.1

1001 spotted fever group WP 010977789.1 MULTISPECIES

Rickettsia prowazekii WP 004596926.1

Mvir EP0O0899 Mesostigma viride P016903

Orientia tsutsugamushi WP 012462048.1

Candidatus Pelagibacter ubique WP 006997027.1

97— Wolbachia WP 010962952.1 MULTISPECIES
QQE Neorickettsia sennetsu WP 011451419.1
D

Tthe Icl|NP 149404.1
od[ Mt Tetrahymena pigmentosa YP 740844.1

mt Tetrahymena paravorax YP 740800.1
mt Tetrahymena pyriformis NP 049607.1
mt Uronema marinum YP 009512636.1
7 Vver IclINC 013986.1 YP 003540841.1 30
Ppro IclINC 013935.1 YP 003495129.1 5
aa|:Taur Icl|AF288091.2 AAG23684.1 29

mt Paramoeba pemaquidensis YP 009308406.1
Cmer Icl|NC 000887.3 NP 059351.1 3

MAST4A nad6 Icl

a;)E TelT nadé6 Icl
ENqua nad6 Icl

Maro Icl|]AP019310.1 BBH42962.1 60
10Q Ntab Icl|NC 006581.1 YP 173471.1 123
Nicotiana tabacum Ntab XP 016500820.1
mt Arabidopsis thaliana YP 009472110.2
mt Physcomitrium patens YP 539023.1

Pwic Icl|[MN794237.1 Q0Z41739.1 26
Noli Icl[NC 008239.1 YP 665679.1 38
mt_Micromonas pusilla_CCMP1545_ACO50737.1
mt Ostreococcus tauri YP 717295.1
Mver IclINC 008240.1 YP 665692.1 11
Andgo Icl[NC 021124.1 YP 007890506.1 42
Qr Pame Icl|NC 001823.1 NP 044781.1 37
mt Histiona aroides YP 007890575.1
mt Seculamonas ecuadoriensis YP 007890764.1
mt Jakoba bahamiensis YP 007890643.1
mt Jakoba libera YP 007890752.1
8— Mijak Icl[NC 002553.1 NP 066324.1 18
Mcal Icl[INC 026311.1 YP 009118097.1 20
mt Imasa heleensis YP 0101657541
Drot Icl|NC 029886.1 YP 009245586.1 17
Ttra IclINC 026452.1 YP 009121379.1 6
1005 Acas Icl|NC 001637.1 NP 042529.1 6
Candidatus Paracaedibacter symbiosus WP 232224407 .1
100t Rsal Icl|NC 002572.1 NP 066474.1 21
mt Storeatula NC 037452.1 YP 009476644.1 8
mt Proteomonas sulcata YP 009476707.1
mt Teleaulax amphioxeia YP 009475796.1
mt Cryptomonas curvata YP 009476764.1
0r- Hand Icl[NC 010637.1 YP 001874785.1 29
mt Chroomonas placoidea YP 009476606.1
Pbil Icl]NC 031832.1 YP 009317236.1 30
Pmar Icl[INC 026310.1 YP 009118073.1 21
Lmar Icl|NC 045933.1 YP 009730081.1 37
Gnos IclINC 015117.1 YP 004222744.1 16
mt Cyanoptyche gloeocystis YP 009092477 .1
mt Gloeochaete wittrockiana YP 009092442.1
Cpar IclINC 017836.1 YP 006280828.1 11
mt Cyanophora sudae YP 010041736.1
mt Cyanophora biloba YP 010041689.1
9 Atwi Icl|NC 036491.1 YP 009446441.1 25
0 Ppur Icl[NC 002007.1 NP 049300.1 7
mt Chondrus crispus NP 062487.1
Hmar Icl|LC515367.1 BBQ05356.1 32
Tglo IclNC 023545.1 YP 009004127.1 25
7vJ‘ 100[ Pico Icl|MG202007.1 ATY40873.1 8
Pico 46610 3
Cowc Icl|[KC573038.1 AGE93592.1 26
Mbre Icl|NC 004309.1 NP 696994.1 31
mt Trichoplax adhaerens YP 654089.2

95 Amac Icl[NC 001715.1 NP 043737.1 13

q mt Spizellomyces punctatus NP 150308.1

ps 00 mt_Conidiobolus coronatus NRRL_28638 KXN65652.1
9 mt_Coemansia reversa NRRL_1564_PIA12840.1
od[— mt Rhizophagus irregularis YP 003875545.1
100 mt_Neurospora crassa_OR74A_YP_009126705.1

Ehrlichia chaffeensis WP 006010547.1
Anaplasma centrale WP 012880649.1
—— Candidatus Midichloria mitochondrii WP 013950652.1

bacterial NADH-quinone oxidoreductase subunit J (24)

Magnetococcus marinus WP 011715165.1

bacterial NADH-quinone oxidoreductase subunit J (16)

bacterial NADH-quinone oxidoreductase subunit J (10)

bacterial NADH-quinone oxidoreductase subunit J (2)
Melioribacter roseus WP 014854819.1

bacterial NADH-quinone oxidoreductase subunit J (2)
bacterial NADH-quinone oxidoreductase subunit J (3)
bacterial NADH-quinone oxidoreductase subunit J (6)
Isosphaera pallida WP 013566488.1

Wolinella succinogenes WP 011138423.1

bacterial NADH-quinone oxidoreductase subunit J (7)

87— Crinalium epipsammum WP 015204409.1
8‘f|i|{; Stanieria cyanosphaera WP 245562105.1
3L Anabaena cylindrica WP 015212763.1
Acaryochloris marina WP 012162653.1

Nicotiana tabacum Ntab NP 054560.1
Marchantia polymorpha Mpol PTQ38920.1

bacterial NADH-quinone oxidoreductase subunit J (7)

H Protein: nad6; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.yeast+F+R8

0.50



100] ¢

10

10

1001 Ngru Icl|NC 002573.1 NP 066538.1 41
0 Nfow Icl|NC 021104.1 YP 007890059.1 41
Q mt Pleurostomum flabellatum YP 010049301.1
mt Stachyamoeba lipophora YP 009118158.1
Pkir IclINC 034798.1 YP 009370849.1 43
Pmar IclINC 026310.1 YP 009118058.1 6
10 Pbra Icl|LS992577.1 SYZ47122.1 6
1 mt Polymyxa betae YP 010227891.1
mt Spongospora subterranea YP 009350054.1
Bnat Icl|HQ840955.1 ADV41824.1 24
mt Balamuthia mandrillaris YP 009163125.1
mt Paravannella minima YP 009557805.1
D mt Paramoeba pemaquidensis YP 009308422.1
mt Paulinella micropora YP 009709971.1
I— Vver IclINC 013986.1 YP 003540834.1 23
Acas Icl[NC 001637.1 NP 042561.1 38
Gnos Icl|INC 015117.1 YP 004222754.1 26
mt Gloeochaete wittrockiana YP 009092427.1
mt Cyanoptyche gloeocystis YP 009092495.1
Cpar IclINC 017836.1 YP 006280821.1 4
mt Cyanophora sudae YP 010041725.1
mt Cyanophora biloba YP 010041681.1
Atwi Icl|NC 036491.1 YP 009446426.1 10
Maro Icl|AP019310.1 BBH42916.1 14
Taur Icl|AF288091.2 AAG23656.1 1
mt Saprolegnia ferax YP 052909.1
mt Thraustotheca clavata YP 008475407 .1
mt Achlya hypogyna YP 008475349.1
Ainv IclINC 032052.1 YP 009327276.1 40
mt Aphanomyces astaci YP 009327230.1
mt Pythium insidiosum YP 009167049.1
mt Globisporangium ultimum YP 003734841.1
mt Phytopythium vexans YP 010395047.1
mt Pseudoperonospora humuli YP 009645874 .1
mt Pseudoperonospora cubensis YP 009164888.1
- mt Bremia lactucae YP 009547890.1
gq Mt Phytophthora sojae YP 001165395.1
mt Phytophthora agathidicida YP 010117828.1
9¢ mt Phytophthora versiformis YP 010394787.1
mt Plasmopara viticola YP 009729737 .1
mt Plasmopara halstedii YP 010394623.1
94 mt Peronospora tabacina YP 009178791.1
10([ mt Peronospora belbahrii YP 010394041.1
mt Hyaloperonospora arabidopsidis YP 010393993.1
Tglo Icl|NC 023545.1 YP 009004132.1 30
100s Blasto Icl|EF494740.3 ACH86069.1 8
0 Blastocystis hominis XP 012897862.1
mt Proteromonas lacertae YP 003795217.1
Or Rsal Icl[NC 002572.1 NP 066485.1 32
mt Storeatula NC 037452.1 YP 009476665.1 29
Hand Icl[NC 010637.1 YP 001874789.1 33
mt Chroomonas placoidea YP 009476625.1
mt Teleaulax amphioxeia YP 009475768.1
mt Proteomonas sulcata YP 009476694.1
mt Cryptomonas curvata YP 009476734.1
Gthe Icl|MH844545.1 QBJ06296.1 9
Rsal EP00961 Rhodomonas salina P199372
Andgo Icl|NC 021124.1 YP 007890532.1 68
Pbil Icl]NC 031832.1 YP 009317234.1 28
Galdieria sulphuraria XP 005706457 .1
D Chondrus crispus XP 005712274.1
nopr Ppur TRINITY DN2462 c0 g1 i3.p1
100; Ppur TRINITY DN2462 c0 g1 i6.p2
Ppur TRINITY DN2462 c0 g1i9.p3
Or Pame Icl[NC 001823.1 NP 044782.1 38
mt Histiona aroides YP 007890576.1
mt Jakoba libera YP 007890692.1
mt Jakoba bahamiensis YP 007890635.1
mt Seculamonas ecuadoriensis YP 007890794.1
Nqua nad?7 Icl
Pwic Icl|[MN794237.1 Q0Z41725.1 12
Mver Icl|NC 008240.1 YP 665689.1 8
001 Ntab Icl|NC 006581.1 YP 173488.1 140
0 Nicotiana tabacum Ntab XP 016435338.1
180" mt Arabidopsis thaliana YP 009472118.2
mt Physcomitrium patens YP 539031.1
Marchantia polymorpha Mpol PTQ42112.1
Marchantia polymorpha Mpol PTQ42111.1
Marchantia polymorpha Mpol PTQ46371.1
mt Ostreococcus tauri YP 717279.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008078 g8078.t1
mt_Micromonas pusilla_CCMP1545_ACO050722.1
Pycnococcus provasolii Ppro GHP06161.1
Noli Icl[INC 008239.1 YP 665674.1 33
100 mt Cavenderiq fascicu]ata YP 001876534.1
10 mt Heterostelium pallidum YP 209577 .1
100 Mt Dictyostelium intermedium YP 010191892.1
10Q Ddis Icl|[NC 000895.1 NP 050085.1 19
mt Dictyostelium citrinum YP 492627.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P009525 g9525.11
Ptri Icl|HQ840789.1 ADY18506.1 8
Tpse Icl[NC 007405.1 YP 316619.1 34
mt Ochromonas danica NP 066418.1
mt Synura synuroidea NP 038175.1
mt Ectocarpus siliculosus YP 009254734.1
mt Schizocladia ischiensis YP 010032399.1
Cmar Icl|NC 013837.1 YP 003434245.1 38
mt Heterosigma akashiwo YP 005090292.1

[da)

(o]

14

—

— _a_\

mt Microchloropsis salina YP 008519388.1
mt Trachydiscus minutus YP 009237692.1
mt Vischeria stellata YP 009579085.1
mt Triparma laevis YP 009163728.1
mt Aureoumbra lagunensis YP 010152740.1
mt Aureococcus anophagefferens QG124648.1
mt Pelagomonas calceolata YP 010152703.1
Ttra IclINC 026452.1 YP 009121399.1 26
Drot Icl|[NC 029886.1 YP 009245621.1 52
3 Mcal Malawimonas californiana 09116.mRNA.1
Croe Icl[VLTNO1000170.1 KAA0145438.1 12
Lmar Icl[NC 045933.1 YP 009730083.1 39
HBB2 Icl|AQL10454.1
mt Cafileria marina YP 009688820.1
TelT nad7 Icl
MAST3i nad7 Icl
Cvie Icl|MG202006.1 ATY40843.1 1
Aper Icl|KF651061.1 AHA41652.1 16
991 Otri Icl|JN383843.1 AEV66667.1 52
mt Halteria grandinella YP 010049586.1
Stromb Icl|MT471315.1 QPL15903.1 19
mt Euplotes vanleeuwenhoeki YP 010117046.1
Nova Icl|GU057832.1 ADN85892.1 30
mt Thuricola similis YP 010147311.1
mt Paramecium aurelia NP 039475.1
mt Uronema marinum YP 009512651.1
mt Ichthyophthirius multifiliis YP 004841719.1
mt Tetrahymena paravorax YP 740772.1
Q) Tthe Icl|NC 003029.1 NP 149375.1 12
I mt Tetrahymena malaccensis YP 740727.1
mt Tetrahymena pigmentosa YP 740816.1

94

97 mt Tetrahymena pyriformis NP 049579.1

L Hmar Icl|LC515367.1 BBQ05353.2 29
Emiliania huxleyi_ CCMP1516_XP_005772304.1
Chrysochromulina tobinii Ctob KO0O53515.1
106(|)g[ Angomonas deanei AlL54360.1

mt Leishmania infantum DAC80388.1
92 Tbru ND7.p1 Icl

Dpap Icl|APQ44788.1
95f L—— EU 17 18 nad7 Icl
| Egra Gene.68666 EG transcript 13592 §.68666 m.68666
Bmot EP00823 Brevimastigomonas motovehiculus P0O01158
—— Chlamydomonas reinhardtii XP 001697607 .1
e _|—_Cyanidioschyzon merolae strain_10D_XP_005534934.1
Coemansia reversa NRRL_1564_PIA14588.1
Fonticula alba XP 009497859.1
Nsim EP00160 Parvularia atlantis P011782
100 Batrachochytrium dendrobatidis_ JAM81_XP_006677176.1
78] L Spizellomyces punctatus DAOM_BR117_XP_016609515.1
[ Conidiobolus coronatus NRRL_28638 KXN70506.1
Catenaria anguillulae_PL171_ORZ34103.1

Allomyces macrogynus ATCC 38327 Amac KNE65577.1
Rhizophagus irregularis XP_025190122.1

Neurospora crassa_ OR74A_XP_965665.2
Brettanomyces bruxellensis Dbru XP 041138699.1
Ustilago maydis_521_XP_011391364.1

Cryptococcus neoformans var. grubii_ H99 XP_012053890.1
Capsaspora owczarzaki ATCC_30864_ XP_004365913.1
Sphaeroforma arctica_JP610_XP_014152252.1
Salpingoeca rosetta XP 004988086.1

Mbre NW 001865049.1 326

Drosophila melanogaster NP 651926.1

Caenorhabditis elegans NP 498423.1

Nematostella vectensis XP 001631440.2

Trichoplax adhaerens XP 002107663.1
Branchiostoma floridae XP 002590067 .1

Danio rerio NP 001018481.2

- Xenopus tropicalis NP 989363.1

Ir Gallus gallus XP 015135541.1

1r Mus musculus XP 030109284 .1

Monodelphis domestica XP 001371966.1

) Homo sapiens NP 004541.1

Homo sapiens Hsap NP 001159631.1

94

bacterial NADH-quinone oxidoreductase subunit D (37)

04 bacterial NADH-quinone oxidoreductase subunit D (18)
— Magnetococcus marinus WP 227665282.1

994 bacterial NADH-quinone oxidoreductase subunit D (25)
100~ Stanieria cyanosphaera WP 015195046.1
Y 1100 Crinalium epipsammum WP 015204314.1

Anabaena cylindrica WP 015213122.1
Acaryochloris WP 010472570.1 MULTISPECIES
Mvir EP00899 Mesostigma viride P012289
Marchantia polymorpha Mpol PTQ38924.1

108

Nicotiana tabacum Ntab NP 054563.1
Marchantia polymorpha Mpol PTQ38923.1

bacterial NADH-quinone oxidoreductase subunit D (9)
90 et bacterial NADH-quinone oxidoreductase subunit D (4)

84 86 Magnetococcus marinus WP 011713828.1
Nautilia profundicola WP 015902513.1

bacterial NADH-quinone oxidoreductase subunit C (34)

F— Protein: nad7; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R10
0.50

Rubrobacter xylanophilus WP 011563126.1
bacterial nickel-dependent hydrogenase family protein (5)



100 Batrachochytrium dendrobatidis_ JAM81_XP_006675140.1

Spizellomyces punctatus DAOM_BR117_XP_016608109.1
Ustilago maydis_521_XP_011386774.1

Cryptococcus neoformans var. grubii_ H99 XP_012048681.1

Coemansia reversa NRRL_1564 PIA13523.1

Rhizophagus irregularis XP_025181443.1

Conidiobolus coronatus NRRL_28638 KXN70394.1

Neurospora crassa_OR74A _XP_011394934 1
Brettanomyces bruxellensis Dbru XP 041137440.1

Fonticula alba XP 009492211.1

Allomyces macrogynus ATCC 38327 Amac KNE58113.1
Allomyces macrogynus ATCC 38327 Amac KNE59308.1
Monosiga brevicollis_MX1_XP_001749090.1
Salpingoeca rosetta XP 004993226.1
Monodelphis domestica XP 016282419.1
Danio rerio NP 998304.1
Branchiostoma floridae XP 002611916.1
Xenopus tropicalis XP 012816350.1
Homo sapiens NP 002487 .1
Mus musculus NP 659119.2
Gallus gallus XP 001232780.2
Nematostella vectensis XP 001631383.2
Caenorhabditis elegans NP 498595.1
Drosophila melanogaster NP 524719.1
— Pbil IclINC 031832.1 YP 009317235.1 29
00r Phaeodactylum tricornutum CCAP_1055/1_XP_002181917.1
Thalassiosira pseudonana_CCMP1335_XP_002293619.1
Phytophthora sojae XP 009530602.1
Aphanomyces invadans Ainv XP 008872224.1
Nannochloropsis gaditana_CCMP526_EK23157.1
Aureococcus anophagefferens XP 009033436.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P014850 g14850.t1
Bnat EP00466 Bigelowiella natans P0O08872
Ectocarpus siliculosus CBN78476.1
Taur BLSG01000444.1 9
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P007124 g7124.11
Cyanidioschyzon merolae strain_10D_XP_005538869.1
F Bmot EP00823 Brevimastigomonas motovehiculus P001412
Cvie GILI01004566.1.p1 GENE.GILI01004566.1
100& Blastocystis hominis XP 012893627.1

9
10

R

Blastocystis sp. ATCC 50177/Nand Il Blasto OAO11908.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO15235.1

100 Vver EP00029 Vermamoeba vermiformis P007338
Vver EP00029 Vermamoeba vermiformis P007339
Atwi GFYU01046033.1 1
Paramecium tetraurelia strain_d4-2_XP_001453457 .1
Tetrahymena thermophila_SB210_XP_001013096.2
Otri ARYC01001302.1 5
Nova EP00826 Nyctotherus ovalis T034217 3
Sphaeroforma arctica_JP610_XP_014154046.1
9f— Capsaspora owczarzaki ATCC_30864_ XP_004343921.1

mt Jakoba libera YP 007890680.1

1001 Ngru Icl|NC 002573.1 NP 066510.1 13

100fL Nfow Icl|[NC 021104.1 YP 007890031.1 13
1 mt Pleurostomum flabellatum YP 010049266.1
mt Stachyamoeba lipophora YP 009118149.1
Akon Icl|NC 026286.1 YP 009117139.1 28
HBB2 Icl|[AQL10458.1
Drot Icl|NC 029886.1 YP 009245617.1 48
EU 17 18 nad8 Icl
Maro Icl|AP019310.1 BBH42953.1 51
Pico 50635 5
Pico 65167 6
Cpar tig00020553 g10651.11
Hand Icl[NC 010637.1 YP 001874781.1 25
mt Chroomonas placoidea YP 009476601.1
mt Cryptomonas curvata YP 009476765.1
mt Teleaulax amphioxeia YP 009475797 .1
mt Proteomonas sulcata YP 009476706.1
Rsal Icl[NC 002572.1 NP 066475.1 22
mt Storeatula NC 037452.1 YP 009476643.1 7
Mvir EP00899 Mesostigma viride P018933
1001 Emiliania huxleyi CCMP1516 Ehux XP 005769810.1
Emiliania huxleyi CCMP1516 Ehux XP 005768496.1
Emiliania huxleyi_CCMP1516_XP_005789670.1
Emiliania huxleyi CCMP1516 Ehux XP 005787161.1
Chrysochromulina tobinii Ctob KO0O52783.1
Micromonas pusilla_CCMP1545_XP_003064161.1
Pwic JADZLO010000003.1 8028
Chlamydomonas reinhardtii XP 001702368.1
Ostreococcus tauri XP 022840440.1
Pycnococcus provasolii Ppro GHP04809.1
Marchantia polymorpha Mpol PTQ47285.1
Physcomitrium patens XP 024383768.1
0 Arabidopsis thaliana NP 178022.1

9 Nicotiana tabacum Ntab XP 016452428.1
9g Nicotiana tabacum Ntab XP 016434148.1
Nicotiana tabacum Ntab XP 016480777.1
Nicotiana tabacum Ntab XP 016439339.1
100r Ppur TRINITY DN1019 c0 g1 i4.p2
Ppur TRINITY DN1019 c0 g1 i11.p2
Ppur TRINITY DN1019 c0 g1 i2.p1
Chondrus crispus XP 005715136.1
Galdieria sulphuraria XP 005704887.1
Thecamonas trahens ATCC_50062_XP_013762269.1
Cvie GILI01070950.1.p2 GENE.GILI01070950.1
Dictyostelium discoideum_AX4_XP_642732.1
Pbra EP00473 Plasmodiophora brassicae PO07037
TelT EP00656 Telonema subtile P033808
Mcal Malawimonas californiana 04023.mRNA.1
Reticulomyxa filosa ETO04660.1
Cafeteria roenbergensis KAA0148419.1
g9 — Hmar Icl|LC515367.1 BBQ05355.1 31

%F Pkir IclINC 034798.1 YP 009370827.1 21

L

ot

©© R

mar Icl[NC 045933.1 YP 009730078.1 34
Nqua nad8 Icl
- Andgo Icl[NC 021124.1 YP 007890505.1 41
Tglo Icl|NC 023545.1 YP 009004126.1 24
Pico 11094 4
Mjak EP00700 Malawimonas jakobiformis P003514
Mjak EP00700 Malawimonas jakobiformis P001711
#— mt Jakoba bahamiensis YP 007890622.1
obr Pame Icl|NC 001823.1 NP 044745.1 1
 mt Histiona aroides YP 007890537.1
mt Seculamonas ecuadoriensis YP 007890762.1

Gnos EC120063.1.p1 GENE.EC120063.1
Gnos EC119462.1.p1 GENE.EC119462.1
bacterial NADH-quinone oxidoreductase subunit | (9)
Komagataeibacter hansenii WP 003620721.1
Roseomonas cervicalis WP 007002789.1
Magnetospirillum WP 008617495.1 MLTISPECIES
Reyranella massiliensis WP 020696097.1
bacterial NADH-quinone oxidoreductase subunit | (2)
bacterial NADH-quinone oxidoreductase subunit | (2)
Sneathiella glossodoripedis WP 234397701.1

99 Trypanosoma brucei Icl|AAA91499.1
Dpap Icl|APQ44789.1
Candidatus Puniceispirillum marinum WP 148212320.1
Candidatus Endolissoclinum faulkneri WP 015088284.1

bacterial NADH-quinone oxidoreductase subunit | (15)

bacterial NADH-quinone oxidoreductase subunit | (15)

Magnetococcus marinus WP 011715166.1
Deferribacter desulfuricans WP 013008673.1
bacterial NADH-quinone oxidoreductase subunit | (5)

bacterial NADH-quinone oxidoreductase subunit | (16)

= hacterial NADH-quinone oxidoreductase subunit | (2)
r——esmmll bacterial NADH-quinone oxidoreductase subunit | (4)
Photobacterium profundum WP 036802631.1
Nicotiana tabacum Ntab NP 054561.1
Marchantia polymorpha Mpol PTQ38921.1

Mvir EP00899 Mesostigma viride P012289
Acaryochloris marina WP 012162652.1

Crinalium epipsammum WP 198013683.1

Anabaena cylindrica WP 015212762.1

Stanieria cyanosphaera WP 015192132.1

baterial 4Fe-4S binding proteins (7)
bacterial 4Fe-4S binding protein (5)

bacterial 4Fe-4S binding proteins (4)

Tumebacillus flagellatus WP 038087442.1
Nautilia profundicola WP 015902393.1

bacterial formate hydrogenlyase complex iron-sulfur subunit (13)

Nautilia profundicola WP 015902118.1
Magnetococcus marinus WP 011713827.1
bacterial 4Fe-4S binding proteins (8)

bacterial 4Fe-4S binding proteins (6)
bacterial oxidoreductase family proteins (4)

J: llyobacter polytropus WP 013386485.1

Deferribacter desulfuricans WP 013007234.1

bacterial 4Fe-4S binding protein (4)

Desulfatibacillum alkenivorans WP 073473145.1
Desulfatibacillum alkenivorans WP 073478467 .1
bacterial 4Fe-4S binding protein (3)

bacterial ferredoxin family proteins (10)

F— Protein: nad8; alignment timming: ClipKIT; IQ-TREE2 best-fit model: VT+R8
0.50



Tthe Icl|NC 003029.1 NP 149392.1 29
Tthe Icl|NC 003029.1 NP 149393.1 30
mt Tetrahymena malaccensis YP 740745.1
mt Tetrahymena malaccensis YP 740744.1
mt Tetrahymena pigmentosa YP 740833.1
mt Tetrahymena pyriformis NP 049596.1
mt Tetrahymena paravorax YP 740789.1
100 mt Ichthyophthirius multifilis YP 004841733.1
mt Uronema marinum YP 009512666.1

99 — mt Paramecium aurelia NP 039467 .1

Otri Icl[JN383843.1 prot AEV66687.1 72
9 mt Euplotes vanleeuwenhoeki YP 010117033.1
100 Stromb Icl|MT471315.1 QPL15917.1 33
) 100 Otri Icl[JN383843.1 AEV66686.1 71
81 mt Halteria grandinella YP 010049599.1
mt Thuricola similis YP 010147319.1
— mt Cafileria marina YP 009688826.1
| 1@[Mjak Icl|NC 002553.1 NP 066312.1 5
| Mcal IclINC 026311.1 YP 009118107.1 30

]QQ[ Blasto Icl|[EF494740.3 ACH86081.1 20
Blastocystis hominis XP 012897870.1
Cvie Icl|[MG202006.1 ATY40860.1 19
100~ Ngru Icl[NC 002573.1 NP 066543.1 46

ge| | A9 Nfow Icl|[NC 021104.1 YP 007890064.1 46
19 mt Pleurostomum flabellatum YP 010049309.1
— mt Stachyamoeba lipophora YP 009118141.1

92

—

100| EU 17 18 nad9 Icl
10{#: EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013135 gene13135-gene3949
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013178 gene13178-gene4000

100, Croe Icl[VLTN01000170.1 KAA0145448.1 22
| mt Cafeteria roenbergensis NP 051146.1
9 Pmar IclINC 026310.1 YP 009118055.1 3

mt Paulinella micropora YP 009709960.1

mt Phytophthora sojae YP 001165386.1
10Q mt Saprolegnia ferax YP 052922.1
100 mt Achlya hypogyna YP 008475336.1
00 mt Thraustotheca clavata YP 008475380.1
0011 dQg Ainv IclINC 032052.1 prot YP 009327237.1 1

mt Aphanomyces astaci YP 009327191.1
mt Pythium insidiosum YP 009167040.1
mt Globisporangium ultimum YP 003734831.1
mt Phytopythium vexans YP 010395038.1

mt Hyaloperonospora arabidopsidis YP 010394009.1
!

=

mt Pseudoperonospora cubensis YP 009164879.1
mt Pseudoperonospora humuli YP 009645865.1
- mt Peronospora belbahrii YP 010394030.1
- mt Peronospora tabacina YP 009178782.1
r mt Phytophthora agathidicida YP 010117837.1
81 mt Phytophthora versiformis YP 010394778.1
g1 mt Plasmopara halstedii YP 010394632.1
[ mt Plasmopara viticola YP 009729746.1
mt Bremia lactucae YP 009547899.1
Pkir IclINC 034798.1 YP 009370830.1 24
'ZIS_Q—I: HBB2 Icl|AQL10471.1
Egra Gene.87059 EG transcript 19403 g.87059 m.87059
Taur Icl|AF288091.2 AAG23682.1 27
Bnat Icl|[HQ840955.1 ADV41831.1 31
— MASTS3i nad9 Icl
84 mt Balamuthia mandrillaris YP 009163124.1
mt Paramoeba pemaquidensis YP 009308421.1
Acas Icl[NC 001637.1 NP 042560.1 37
81 mt Paravannella minima YP 009557804.1
Aper Icl|KF651061.1 AHA41644.1 8
10 mt Heterostelium pallidum YP 209576.1
1 mt Cavenderia fasciculata YP 001876533.1
mt Dictyostelium intermedium YP 010191891.1
1 Ddis Icl[NC 000895.1 NP 050084.1 18
mt Dictyostelium citrinum YP 492628.1
Pbra Icl|LS992577.1 SYZ47168.1 52
mt Polymyxa betae YP 010227896.1
mt Spongospora subterranea YP 009350060.1
Lmar Icl|NC 045933.1 YP 009730049.1 5
mt Cyanoptyche gloeocystis YP 009092476.1
Candidatus Pelagibacter ubique WP 006997034.1
Gthe Icl|[MH844545.1 QBJ06313.1 21
mt Cryptomonas curvata YP 009476746.1
mt Teleaulax amphioxeia YP 009475780.1
100 Rsal Icl|NC 002572.1 NP 066483.1 30
mt Storeatula NC 037452.1 YP 009476663.1 27
mt Proteomonas sulcata YP 009476725.1
Hand Icl[INC 010637.1 YP 0018747771 21
mt Chroomonas placoidea YP 009476621.1
mt Proteromonas lacertae YP 003795203.1
Ntab Icl[NC 006581.1 YP 173479.1 131
mt Arabidopsis thaliana YP 009472102.2
mt Physcomitrium patens YP 539028.1
Mpol Icl[NC 037508.1 YP 009479718.1 42
Vver IclINC 013986.1 YP 003540833.1 22
Noli Icl[NC 008239.1 YP 665665.1 24
Atwi Icl|NC 036491.1 YP 009446454.1 38
: [:Tglo IclINC 023545.1 YP 009004131.1 29
1 Maro Icl|AP019310.1 BBH42909.1 7
Cpar Icl|INC 017836.1 YP 006280855.1 38
Cpar IclINC 017836.1 YP 006280860.1 43
mt Cyanophora sudae YP 010041713.1
mt Cyanophora biloba YP 010041675.1
Gnos Icl[NC 015117.1 YP 004222733.1 5
mt Gloeochaete wittrockiana YP 009092444.1
Cmar Icl|NC 013837.1 YP 003434217.1 10
mt Heterosigma akashiwo YP 005090295.1
mt Ectocarpus siliculosus YP 009254720.1
99[100~ mt Nannochloropsis gaditana AGI49058.1
mt Trachydiscus minutus YP 009237672.1
mt Vischeria stellata YP 009579079.1
mt Schizocladia ischiensis YP 010032390.1
mt Triparma laevis YP 009163730.1
0r mt Aureococcus anophagefferens QGI24636.1
mt Pelagomonas calceolata YP 010152715.1
mt Aureoumbra lagunensis YP 010152761.1
Ptri Icl|HQ840789.1 ADY18507.1 9
Tpse Icl|NC 007405.1 YP 316618.1 33
mt Ochromonas danica NP 066419.1
mt Synura synuroidea NP 038176.1
Tbru ND9.p1 Icl

TelT nad9 Icl

Chlamydomonas reinhardtii XP 001690652.1
Pwic Icl|[MN794237.1 Q0Z41734.1 21

mt Imasa heleensis YP 0101657241

Mver Icl[NC 008240.1 YP 665720.1 39

mt Micromonas pusilla CCMP 1545 ACO50724.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008077 g8077.t1
Ostreococcus tauri YP 717282.1

Pycnococcus provasolii Ppro GHP06366.1
mt Jakoba libera YP 007890693.1

: Andgo Icl[NC 021124.1 YP 007890531.1 67

mt Jakoba bahamiensis YP 007890634.1

91— Drot IclINC 029886.1 YP 009245611.1 42
o7 Iﬂar Icl|LC515367.1 BBQ05349.1 25

Bmot EP00823 Brevimastigomonas motovehiculus P008430
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P006272 g6272.t1
08— Pame Icl|NC 001823.1 NP 044783.1 39
8 mt Histiona aroides YP 007890577 .1
9 Nqua nad9 Icl

mt Seculamonas ecuadoriensis YP 007890795.1
Reticulomyxa filosa ETO24652.1
Ppur TRINITY DN6787 c0 g1 i2.p2
Ppur TRINITY DN6787 c0 g1 i3.p2
Chondrus crispus XP 005718518.1
Galdieria sulphuraria XP 005703147.1
Cyanidioschyzon_merolae strain_10D_XP_005538133.1
Pbil IclINC 031832.1 YP 009317225.1 19
—— Thecamonas_trahens ATCC_50062_XP_013756076.1
Homo sapiens NP 004542.1
Mus musculus NP 080964.1
Monodelphis domestica XP 016279008.1
Gallus gallus XP 015142496.1
Xenopus tropicalis NP 001003921.1
Danio rerio NP 001017755.1
Branchiostoma floridae XP 002604665.1

(o]~
9g1197 Nematostella vectensis XP 001629107.2
D Drosophila melanogaster NP 647775.1
10 Caenorhabditis elegans NP 871796.1

Trichoplax adhaerens XP 002109001.1

Sphaeroforma arctica JP610 XP 014157901.1

Monosiga brevicollis MX1 XP 001742494.1

Salpingoeca rosetta XP 004993945.1

Fonticula alba XP 009496059.1

Nsim EP00160 Parvularia atlantis PO13867
Capsaspora_owczarzaki ATCC 30864 XP_004344437 .1
Neurospora crassa OR74A XP 957689.1

9 Brettanomyces bruxellensis Dbru XP 041135309.1
Ustilago maydis_521_XP_011388114.1
Cryptococcus_neoformans var. grubii_H99 XP_012050321.1
10 Rhizophagus_irregularis XP_025171723.1

Batrachochytrium dendrobatidis JAM81 XP 006675020.1
Coemansia_reversa NRRL_1564 PIA16236.1
Spizellomyces punctatus DAOM BR117 XP 016604567.1
Catenaria anguillulae PL171 ORZ26844 .1
Allomyces macrogynus ATCC 38327 Amac KNE72965.1
Allomyces macrogynus ATCC 38327 Amac KNE68448.1
100L— Emiliania huxleyi CCMP1516 XP 005774768.1
Chrysochromulina tobinii Ctob KOO27501.1
Magnetococcus marinus WP 011715172.1

bacterial NADH-quinone oxidoreductase subunit C (43)

— Kiloniella laminariae WP 020593656.1

Rickettsia conorii WP 010977125.1
Orientia tsutsugamushi WP 012461498.1
— Mvir EP00899 Mesostigma viride P016916
Melioribacter roseus WP 014854839.1

8 100!: Rickettsia prowazekii WP 004597490.1

100) —~emmmm bacterial NADH-quinone oxidoreductase subunit C (4)

8(}—~eentilil] bacterial NADH-quinone oxidoreductase subunit C (7)
—=——— hacterial NADH-quinone oxidoreductase subunit C (2)

ﬂ‘ bacterial NADH-quinone oxidoreductase subunit C (9)

bacterial NADH-quinone oxidoreductase subunit C (3)
| Wolinella succinogenes WP 011138414.1
R bacterial NADH-quinone oxidoreductase subunit C (2)
99 Nova EP00826 Nyctotherus ovalis P044823
98]l Nova EP00826 Nyctotherus ovalis P044822
100fL Nova EP00826 Nyctotherus ovalis P044819
Nova EP00826 Nyctotherus ovalis P044820
— Nova Icl|GU057832.1 ADN85869.1 7
Melioribacter roseus WP 0148570371
Anabaena cylindrica WP 244887756.1
Crinalium epipsammum WP 232229434 .1
Stanieria cyanosphaera WP 041619832.1
Acaryochloris marina WP 238549310.1
Nicotiana tabacum Ntab NP 054502.1
Chlorobaculum parvum WP 041466151.1
Dyadobacter fermentans WP 015811941.1
bacterial NADH-quinone oxidoreductase subunit C (2)

99

[daY

bacterial NADH-quinone oxidoreductase subunit C (20)

F— Protein: nad9; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R8
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mt Ichthyophthirius multifiliis YP 004841716.1
mt Uronema marinum YP 009512648.1
mt Tetrahymena paravorax YP 740769.1
mt Tetrahymena pigmentosa YP 740813.1
mt Tetrahymena pyriformis NP 049576.1
Tthe Icl|NC 003029.1 NP 149372.1 9
mt Tetrahymena malaccensis YP 740724 .1
mt Paramecium aurelia NP 039478.1
Nova Icl|GU057832.1 ADN85879.1 17
mt Thuricola similis YP 010147313.1
Stromb Icl|MT471315.1 prot QPL15909.1 25
mt Euplotes vanleeuwenhoeki YP 010117040.1
98 Otri Icl|JN383843.1 prot AEV66677.1 62
mt Halteria grandinella YP 010049592.1
Cvie GILI01002274.1.p1
Acanthamoeba castellanii str. Neff XP 004340821.1
Vver EP00029 Vermamoeba vermiformis P010543
Pbil Icl|NC 031832.1 YP 009317226.1 20
Gthe Icl|MH844545.1 QBJ06311.1 22
mt Cryptomonas curvata YP 009476747 .1
mt Teleaulax amphioxeia YP 009475781.1
Hand Icl[INC 010637.1 YP 001874776.1 20
mt Chroomonas placoidea YP 009476620.1
mt Proteomonas sulcata YP 0094767241
10Q; Rsal Icl|[NC 002572.1 NP 066482.1 29
mt Storeatula NC 037452.1 YP 009476662.1 26
mt Jakoba libera YP 007890694.1
Andgo Icl[NC 021124.1 YP 007890530.1 66
mt Jakoba bahamiensis YP 007890633.1
mt Histiona aroides YP 007890578.1

9@r Pame Icl[NC 001823.1 NP 044784.1 40
TelT nad10 Icl
— Hmar Icl|LC515367.1 BBQ05348.1 24

Drot Icl|NC 029886.1 prot YP 009245612.1 43
Nqua nad10 Icl
Atwi Icl|NC 036491.1 prot YP 009446453.1 37
mt Seculamonas ecuadoriensis YP 007890797.1
Mvir EP00899 Mesostigma viride P016129
Tglo TRINITY DN674 c0g1i15
Pycnococcus provasolii Ppro GHP02354.1
Bnat EP00466 Bigelowiella natans P009302
Chlamydomonas reinhardtii XP 001700585.1
Noli Icl[INC 008239.1 YP 665666.1 25
Chrysochromulina tobinii Ctob KO023862.1
Ostreococcus tauri YP 717283.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008077 g8077.11
mt Micromonas pusilla CCMP1545 AC050725.1
Physcomitrium patens XP 024396773.1
Marchantia polymorpha Mpol PTQ39990.1
Arabidopsis thaliana NP 196738.1
1— Nicotiana tabacum Ntab XP 016473631.1

Nicotiana tabacum Ntab XP 016480218.1
4 Nicotiana tabacum Ntab XP 016449467.1
Nicotiana tabacum Ntab XP 016436480.1
Thecamonas trahens ATCC 50062 XP 013759448.1
Cpar tig00000113 g5667.t1
Gnos EC118298.1.p1
Cyanidioschyzon_merolae strain_10D_XP_005536274.1
Galdieria sulphuraria XP 005707044.1
Chondrus crispus XP 005717343.1

10

o)

Ppur TRINITY DN673 c0 g1i12.p1

DO— Mcal Malawimonas californiana 06645.mRNA.1

Mjak EP00700 Malawimonas jakobiformis P002505

MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P004079 g4079.t1
Taur BLSG01000073.1 528

Cafeteria roenbergensis KAA0153999.1

Phytophthora sojae XP 009533343.1

Aphanomyces invadans Ainv XP 008866936.1

MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P002130 g2130.t1

Nannochloropsis gaditana EWM30291.1
Aureococcus anophagefferens XP 009036997.1
Monosiga brevicollis MX1 XP 001749993.1
Salpingoeca rosetta XP 004997616.1
Caenorhabditis elegans NP 492445 1
Drosophila melanogaster NP 727921.1
Trichoplax adhaerens XP 002111085.1
Nematostella vectensis XP 001622510.2
6 Branchiostoma floridae XP 002595024 .1
Chrysochromulina tobinii Ctob KO023858.1
Homo sapiens NP 077718.3
Homo sapiens Hsap NP 001350531.1
Homo sapiens Hsap XP 024307267 .1
Mus musculus NP 083548.1
Gallus gallus XP 015155461.1
Monodelphis domestica XP 007489414 .1
85— Xenopus tropicalis NP 001072396.1
Danio rerio NP 001186841.1
Coemansia reversa NRRL 1564 PIA13063.1
Nsim EP00160 Parvularia atlantis P013665
Nsim EP00160 Parvularia atlantis P013666
Sphaeroforma arctica JP610 XP 014153650.1
Catenaria anguillulae PL171 ORZ36483.1
Pwic JADZLO010000016.1 3214
Allomyces macrogynus ATCC 38327 Amac KNE72885.1
Rhizophagus irregularis XP_025165391.1
Fonticula alba XP 009495587.1
Conidiobolus_coronatus NRRL_28638_KXN68238.1
Spizellomyces_punctatus DAOM_BR117_XP_016611340.1
Cryptococcus neoformans var. grubii H99 XP 012050046.1
Ustilago maydis_521_XP_011392325.1
Batrachochytrium dendrobatidis JAM81 XP 0066797771
Neurospora crassa OR74A XP 957592.1
Brettanomyces bruxellensis Dbru XP 041138668.1
— Capsaspora_owczarzaki ATCC_30864 XP_004348842.1
g1 _|:Pbra EP00473 Plasmodiophora brassicae P008010
Pkir EP00761 Pharyngomonas kirbyi P011845
Dictyostelium discoideum AX4 XP 638331.1
Dpap DIPPA 14201.mRNA.1
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P009851 gene9851-8762 t
Cvie GILI01011157.1.p1
8 Angomonas deanei EPY29833.1
7 Leishmania infantum JPCM5 XP 003392646.1
Trypanosoma cruzi XP 815090.1
84 Trypanosoma brucei gambiense DAL972 XP 011779287.1
Bodo saltans CUG94143.1
— Magnetococcus marinus WP 011715173.1
Chromobacterium violaceum WP 011136302.1

100— Naegleria gruberi XP 002676909.1
99 100 [ Naegleria fowleri Nfow XP 044566503.1
9

[da)

84

Naegleria gruberi Ngru XP 002681588.1
Naegleria gruberi Ngru XP 002676938.1
—— HBB2 EP01027 Heterolobosea sp BB2 P020374

bacterial NADH-quinone oxidoreductase subunit B (49)

31 Bmot EP00823 Brevimastigomonas motovehiculus P006471
| 100E Blastocystis hominis XP 012894928.1

100 Blastocystis sp. ATCC 50177/Nand Il Blasto OAO15065.1
bacterial NADH-quinone oxidoreductase subunit B (2)
= hacterial NADH-quinone oxidoreductase subunit B (2)

98 bacterial NADH-quinone oxidoreductase subunit B (8)
Acaryochloris marina WP 012166521.1

Stanieria cyanosphaera WP 150109043.1
Anabaena cylindrica WP 015214105.1

Crinalium epipsammum WP 015204053.1
Acaryochloris WP 010476380.1 MULTISPECIES
Nicotiana tabacum Ntab NP 054503.2
Deferribacter desulfuricans WP 013008680.1

bacterial NADH-quinone oxidoreductase subunit B (4)

bacterial NADH-quinone oxidoreductase subunit B (11)
1_0_Q< bacterial NADH-quinone oxidoreductase subunit B (8)

1 bacterial NADH-quinone oxidoreductase subunit B family proteins (30)

FH Protein: nad10; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+R8
0.50



9 91

86

9% Ddis Icl[NC 000895.1 NP 050104.1 38
mt Dictyostelium intermedium YP 010191909.1
99| I mt Dictyostelium citrinum YP 003579824.1
83|100,— Heterostelium pallidum YP 209596.1
[ mt Cavenderia fasciculata YP 001876554.1
Egra Gene.66123
Croe Icl[VLTN01000170.1 KAA0145428.1 2
Ptri Icl|HQ840789.1 ADY18531.1 34
— Tpse Icl[NC 007405.1 YP 316615.1 30
1§0i Ptri Icl|HQ840789.1 ADY18530.1 33
Croe Icl[VLTN01000170.1 KAA0145460.1 34
100, Pkir Icl|[NC 034798.1 YP 009370836.1 30
Pkir EP00761 Pharyngomonas kirbyi P008120
mt Stachyamoeba lipophora YP 009118117.1
Akon Icl|NC 026286.1 YP 009117123.1 12
mt Cafileria marina YP 009688828.1
EU 17 18 nad11 lcl
mt Pleurostomum flabellatum YP 010049264.1
100~ Ngru Icl|NC 002573.1 NP 066508.1 11
Nfow Icl[NC 021104.1 YP 007890029.1 11

’_‘W
Q@S

9 Tglo IclINC 023545.1 YP 009004107.1 5
mt Paramoeba pemaquidensis YP 009308407 .1
¢ mt Balamuthia mandrillaris YP 009163151.1

Vver Icl|[NC 013986.1 YP 003540854.1 43
00; Acas Icl|[NC 001637.1 NP 042531.1 8
Candidatus Paracaedibacter symbiosus WP 052046383.1

92 100~ Blasto Icl|EF494740.3 ACH86084.1 23
Blastocystis hominis XP 012897868.1
&7 o mt Proteromonas lacertae YP 003795214.1

mt Synura synuroidea NP 038170.1
mt Ochromonas danica NP 066412.1
MAST3i nad11 Icl
mt Achlya hypogyna YP 008475376.1
mt Saprolegnia ferax YP 052882.1
mt Thraustotheca clavata YP 008475377 .1
Taur Icl|AF288091.2 AAG23679.1 24
Ainv Icl[NC 032052.1 YP 009327245.1 9
mt Aphanomyces astaci YP 009327199.1
mt Pythium insidiosum YP 009167018.1
mt Globisporangium ultimum YP 003734807.1
mt Phytopythium vexans YP 010395010.1
mt Hyaloperonospora arabidopsidis YP 010394001.1
mt Peronospora tabacina YP 009178799.1
mt Peronospora belbahrii YP 010394049.1
mt Pseudoperonospora humuli YP 009645882.1
mt Pseudoperonospora cubensis YP 009164896.1
mt Phytophthora agathidicida YP 010117820.1
mt Phytophthora versiformis YP 010394795.1
Phytophthora sojae YP 001165408.1
mt Bremia lactucae YP 009547905.1
mt Plasmopara viticola YP 009729760.1
mt Plasmopara halstedii YP 010394638.1
HBB2 Icl|AQL10474.1
Cmar Icl[NC 013837.1 YP 003434209.1 2
mt Heterosigma akashiwo YP 005090283.1
100, mt Nannochloropsis gaditana YP 007317136.1
91 mt Microchloropsis salina YP 008519385.1
mt Trachydiscus minutus YP 009237689.1
mt Vischeria stellata YP 009579059.1
Ectocarpus siliculosus CBN74464.1
mt Triparma laevis YP 009163712.1
mt Schizocladia ischiensis YP 010032396.1
mt Aureoumbra lagunensis YP 010152748.1
0 Aureococcus anophagefferens QGI24640.1
mt Pelagomonas calceolata YP 010152711.1
85— Gthe Icl|[MH844545.1 QBJ06290.1 3
mt Cryptomonas curvata YP 009476728.1
99 Rsal Icl|NC 002572.1 NP 066496.1 43
mt Storeatula NC 037452.1 YP 009476681.1 45
mt Proteomonas sulcata YP 009476686.1
mt Teleaulax amphioxeia YP 009475761.1
Hand Icl[NC 010637.1 YP 001874760.1 4
mt Chroomonas placoidea YP 009476589.1
Trypanosoma brucei gambiense DAL972 XP 011778675.1
Tbru Tb927.10.12540
Trypanosoma cruzi strain CL Brener XP 804888.1
Leishmania infantum JPCM5 XP 001464959.1
Leishmania major strain Friedlin XP 001682557.1
Dpap DIPPA 25374.mRNA.1
Bodo saltans CUG91825.1
10Qr Cvie GILI01006852.1.p1
104 TeIT EP00656 Telonema subtile P054656
Atwi GFYU01038344.1.p1

Drot Icl|NC 029886.1 YP 009245626.1 57

Lmar Icl|NC 045933.1 YP 009730079.1 35
Maro Icl|]AP019310.1 BBH42967.1 65
mt Paravannella minima YP 009557810.1
Gnos IclINC 015117.1 YP 004222732.1 4
mt Cyanoptyche gloeocystis YP 009092500.1
mt Gloeochaete wittrockiana YP 009092459.1
Ppur TRINITY DN501 c0 g1 i4.p4
77 mt Cyanophora sudae YP 010041712.1
mt Cyanophora biloba YP 010041674.1

85 _|—_Pbll IclINC 031832.1 YP 009317218.1 12

1

o

MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P004049 g4049.t1

— Nqua nad11 Icl

Andgo Icl|[NC 021124.1 YP 007890479.1 15
Pame Icl|[NC 001823.1 NP 044753.1 9
mt Histiona aroides YP 007890548.1
mt Seculamonas ecuadoriensis YP 007890796.1
mt Jakoba bahamiensis YP 007890654.1
mt Jakoba libera YP 007890726.1
Reticulomyxa filosa Rfil ETO02654.1
Reticulomyxa filosa Rfil ETO08983.1

100, Bmot EP00823 Brevimastigomonas motovehiculus P003598

Bmot EP00823 Brevimastigomonas motovehiculus PO03597
Cyanidioschyzon merolae strain 10D XP 005536963.1
Galdieria sulphuraria XP 005705479.1
Ppur TRINITY DN5282 c0 g1 i1.p1

Paramecium tetraurelia strain d4-2 XP 001427985.1
Tetrahymena thermophila SB210 XP 001017179.2
Otri ARYC01002787.1 17

Nova EP00826 Nyctotherus ovalis P044568

Nova EP00826 Nyctotherus ovalis P0O11558

— Cvie GILI01001732.1.p1

Capsaspora owczarzaki TCC 30864 XP 011270890.1
0, 3 Mcal Malawimonas californiana 06808.mRNA.1

3 Mcal Malawimonas californiana 06808.mRNA.2
Ppur TRINITY DN501 c0 g1 i3.p1

0, TelT EP00656 Telonema subtile P050086

TelT EP00656 Telonema subtile P050085

Homo sapiens Hsap NP 001186910.1

99 Homo sapiens Hsap NP 001186911.1

100] Homo sapiens Hsap NP 001186913.1
97 Mus musculus XP 030109554.1

Monodelphis domestica XP 007501935.1

oo Gallus gallus XP 025007955.1
DO~ Xenopus tropicalis XP 002936432.3

Danio rerio NP 001007766.1
Branchiostoma floridae XP 002587650.1
Drosophila melanogaster NP 727255.1
Caenorhabditis elegans NP 503733.1
Nematostella vectensis XP 001641128.1
Monosiga brevicollis MX1 XP 001745763.1
Salpingoeca rosetta XP 004995867.1

89 Fonticula alba XP 009497832.1

Nsim EP00160 Parvularia atlantis P014394

Nsim EP00160 Parvularia atlantis P014393
Conidiobolus_coronatus NRRL_28638_ KXN71541.1
Ehux NW 005196685.1 5

Rhizophagus irregularis XP_025182489.1

Cvie GILI01057731.1.p1

Batrachochytrium dendrobatidis JAM81 XP 006679964.1
Spizellomyces_punctatus DAOM_BR117_XP_016610627.1
Ustilago maydis 521 XP 011391747.1
Cryptococcus_neoformans var. grubii_ H99 XP_012047351.1
Neurospora crassa OR74A XP 957188.3
Brettanomyces bruxellensis Dbru XP 041138558.1
Coemansia reversa NRRL 1564 PIA17176.1

Catenaria anguillulae PL171 ORZ40222.1

Allomyces macrogynus ATCC 38327 Amac KNE56137.1
Allomyces macrogynus ATCC 38327 Amac KNE54484.1
Rickettsia conorii WP 041471777 .1

Rickettsia prowazekii WP 004599656.1

Mvir EP00899 Mesostigma viride P016903

Orientia tsutsugamushi WP 012462050.1

Candidatus Midichloria mitochondrii WP 013951638.1
Neorickettsia sennetsu WP 011451460.1

Wolbachia WP 173862891.1 MULTISPECIES

Ehrlichia chaffeensis WP 044147855.1

Anaplasma centrale WP 012880701.1

Cpar tig00000101 g4446.t1

bacterial NADH-quinone oxidoreductase subunit G (28)

Gnos EC121348.1.p1

Hmar Icl|LC515367.1 prot BBQ05333.1 9
Micromonas pusilla CCMP1545 XP 003063400.1
Ostreococcus tauri XP 003082198.2
Chlamydomonas reinhardtii XP 001692885.1
Pwic JADZLO010000002.1 1918
Pycnococcus provasolii Ppro GHP05746.1
Mvir EP00899 Mesostigma viride P014091
Cvie GILI01086700.1.p2
Atwi GFYU01004369.1.p1
Physcomitrium patens XP 024404034 .1
Marchantia polymorpha Mpol PTQ28865.1
Arabidopsis thaliana NP 851103.1
Nicotiana tabacum Ntab XP 016500126.1
Nicotiana tabacum Ntab XP 016488665.1
Nicotiana tabacum Ntab XP 016447840.1

Bnat EP00466 Bigelowiella natans P014686

Pbra EP00473 Plasmodiophora brassicae P007652

Thecamonas trahens ATCC 50062 XP 013755011.1

Magnetococcus marinus WP 011715168.1

{

—
0.50

Mariprofundus ferrooxydans WP 167631916.1

bacterial NADH-quinone oxidoreductase subunit G (17)

| bacterial 2Fe-2S iron-sulfur cluster-binding proteins (6)
Cyanidioschyzon merolae strain 10D Cmer XP 005538542.1

Acetomicrobium mobile WP 014807326.1
Isosphaera pallida WP 013566491.1

bacterial NADH-quinone oxidoreductase subunit G (17)

bacterial 2Fe-2S iron-sulfur cluster-binding proteins (6)

88|—op Sphaerobacter thermophilus WP 012872132.1

== hacterial oxidoreductase family proteins (2)
Syntrophobacter fumaroxidans WP 011699003.1

bacterial formate dehydrogenase subunit alpha (12)
81

bacterial FeFe hydrogenase family proteins (16)

8

—_

31|: llyobacter polytropus WP 013387146.1
llyobacter polytropus WP 013387085.1

00 Nova EP00826 Nyctotherus ovalis P008699

Nova EP00826 Nyctotherus ovalis PO08698
Nova EP00826 Nyctotherus ovalis P008701
100 — vver EP00029 Vermamoeba vermiformis P001487
Bmot EP00823 Brevimastigomonas motovehiculus P004202
84[87 - Naegleria gruberi Ngru XP 002674266.1

Naegleria fowleri Nfow XP 044563630.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO11745.1
Ppur TRINITY DN501 c0 g1 i6.p1
Thalassiosira pseudonana CCMP1335 Tpse XP 002295160.1
TelT EP00656 Telonema subtile P026081
Syntrophobacter fumaroxidans WP 011699559.1
Anabaena cylindrica WP 015216236.1
Acaryochloris marina WP 012167702.1
—— |Isosphaera pallida WP 013566010.1

Desulfatibacillum alkenivorans WP 073475576.1
0r— Acidimicrobium ferrooxidans WP 015798256.1
Deinococcus geothermalis WP 011525826.1

108 Tumebacillus flagellatus WP 038086178.1
Tumebacillus flagellatus WP 038086173.1
— Carboxydothermus hydrogenoformans WP 011343663.1

bacterial formate dehydrogenase subunit alpha (20)

bacterial formate dehydrogenase subunit alpha (2)
bacterial formate dehydrogenase subunit alpha (8)
bacterial molybdopterin-dependent oxidoreductase (3)
bacterial formate dehydrogenase subunit alpha (2)
bacterial formate dehydrogenase subunit alpha (6)

bacterial nitrate reductase catalytic subunit NapA (49)

Protein: nad11; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+R8



Ngru Icl]NC 002573.1 NP 066507.1 10
Nfow Icl[NC 021104.1 prot YP 007890028.1
mt Pleurostomum flabellatum YP 010049263.1
mt Stachyamoeba lipophora YP 009118118.1
Pkir Icl|INC 034798.1 YP 009370848.1
HBB2 EP01027 Heterolobosea sp BB2 P011022
Cmer Icl|NC 000887.3 prot NP 059350.1
Ppur Icl[NC 002007.1 prot NP 049294.1
Chondrus crispus NP 062488.1
Cvie GILI01001205.1.p1
Maro Icl]AP019310.1 BBH42951.1
mt Jakoba libera YP 007890741.1
mt Jakoba bahamiensis YP 007890613.1
Pame Icl|[NC 001823.1 NP 044798.1
mt Histiona aroides YP 007890594.1
mt Seculamonas ecuadoriensis YP 007890783.1
Andgo Icl[NC 021124.1 YP 0078905241
Nqua sdh2 Icl
Reticulomyxa filosa Rfil ETO23781.1
Pbil CAMNT 0000885561 6
Atwi GFYU01018854.1.p1
Guillardia theta CCMP2712 XP 005818925.1
Rsal EP00961 Rhodomonas salina P089830
Hand CAMPEP 0169442610
Cpar tig00021531 g22177.11

Gnos EC119270.1.p1
Cafeteria roenbergensis KAA0147000.1
Phaeodactylum tricornutum CCAP 1055/1 XP 002184001.1
Thalassiosira pseudonana CCMP1335 XP 002288459.1
Nannochloropsis gaditana EWM29428.1
Ectocarpus siliculosus CBJ32043.1 SDH2
Aureococcus anophagefferens XP 009038770.1
00; Aphanomyces invadans Ainv XP 008870586.1
199 Aphanomyces invadans Ainv XP 008869953.1
Phytophthora sojae XP 009519285.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P011444 g11444.t1
Taur BLSG01000025.1 418
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P000306 g306.t1
Atwi GFYU01035113.1.p1
1 Emiliania huxleyi CCMP1516 XP 005787774.1
Chrysochromulina tobinii Ctob KO0O28451.1
Drot Icl|NC 029886.1 YP 009245598.1
1 Monosiga brevicollis MX1 XP 001747850.1
Salpingoeca rosetta XP 004992280.1
TelT EP00656 Telonema subtile P019201
Galdieria sulphuraria XP 005707297.1
Tglo TRINITY DN1117 c0 g1 i1.p1
— Sphaeroforma arctica JP610 XP 014154486.1
— Capsaspora owczarzaki ATCC 30864 XP 004343434.1
Homo sapiens NP 002991.2
Monodelphis domestica XP 003341083.1
T Mus musculus NP 0013424441
Xenopus tropicalis NP 001120000.1
Gallus gallus NP 001074344.2
Danio rerio NP 001092210.1
Drosophila melanogaster NP 477101.1
Caenorhabditis elegans NP 495992.1
Branchiostoma floridae XP 002590428.1
Nematostella vectensis XP 001637002.1
Trichoplax adhaerens XP 002113318.1
Fonticula alba XP 009494699.1
Nsim EP00160 Parvularia atlantis P012810
0Q- Batrachochytrium dendrobatidis JAM81 XP 006675189.1
D9 [— Spizellomyces punctatus DAOM BR117 XP 016612031.1
Od4ldo- Catenaria anguillulae PL171 ORZ35011.1
Allomyces macrogynus ATCC 38327 Amac KNE57584.1
Rhizophagus irregularis XP 025176240.1
Rozella allomycis CSF55 EPZ34348.1
Conidiobolus coronatus NRRL 28638 KXN71077.1
Nsim EP00160 Parvularia atlantis P007251
Ustilago maydis 521 XP 011386878.1
Cryptococcus neoformans var. grubii H99 XP 012051110.1
Neurospora crassa OR74A XP 011392866.1
Saccharomyces cerevisiae S288C NP 013059.1
Brettanomyces bruxellensis Dbru XP 041139030.1
Schizosaccharomyces pombe NP 593530.2
Coemansia reversa NRRL 1564 PIA18126.1
1 Bnat EP00466 Bigelowiella natans P013023
Bmot EP00823 Brevimastigomonas motovehiculus P008248
Acanthamoeba castellanii str. Neff Acas XP 004333130.1
Acanthamoeba castellanii str. Neff Acas XP 004340716.1
Acanthamoeba castellanii str. Neff XP 004354032.1
Dictyostelium discoideum AX4 XP 646559.1
Vver EP00029 Vermamoeba vermiformis P002320
Ppur TRINITY DN17792 c0 g1 i1.p2
Mcal Malawimonas californiana 09716.mRNA.1
Mjak EP00700 Malawimonas jakobiformis P003147 EC725675.1.p1
Candidatus Midichloria mitochondrii WP 013950670.1
Ehrlichia chaffeensis WP 044148348.1
Anaplasma WP 010262841.1 MULTISPECIES
Wolbachia WP 010082472.1 MULTISPECIES

4

DY

[da)

bacterial succinate dehydrogenase iron-sulfur subunit (32)

Nicotiana tabacum Ntab XP 016480823.1
100} Nicotiana tabacum Ntab XP 016509476.1
10 Nicotiana tabacum Ntab XP 016509477.1

Nicotiana tabacum Ntab XP 016481701.1
100 L Arabidopsis thaliana NP 198881.1
Physcomitrium patens XP 024390871.1
83] Marchantia polymorpha Mpol PTQ33174.1
100y Nicotiana tabacum Ntab XP 016459242.1
Nicotiana tabacum Ntab XP 016490201.1
10 Micromonas pusilla CCMP1545 XP 003061071.1
19 Ostreococcus tauri XP 003083208.2
;8 Chlamydomonas reinhardtii XP 001696290.1
Pycnococcus provasolii Ppro GHP09245.1
Mvir EP00899 Mesostigma viride P012263
Cvie GILI01079918.1.p2
— Perkinsela sp. CCAP 1560/4 KNH05404.1
100 Dpap DIPPA 21020.mRNA.1
100 Bodo saltans CUG90652.1
Cvie GILI01013445.1.p1
Atwi GFYU01004740.1.p1
Trypanosoma cruzi strain CL Brener XP 806126.1
Trypanosoma brucei gambiense DAL972 XP 011776506.1
Angomonas deanei EPY28105.1
0; Leishmaniainfantum JPCM5 XP 001464438.1
Leishmania major strain Friedlin XP 001682013.1
10 Thecamonas trahens ATCC 50062 XP 013760077.1
Pbra EP00473 Plasmodiophora brassicae P0O01880
100j Nova EP00826 Nyctotherus ovalis P005164
961 Nova EP00826 Nyctotherus ovalis P005157
Nova EP00826 Nyctotherus ovalis P027606
89/100; Nova EP00826 Nyctotherus ovalis P005162
Nova EP00826 Nyctotherus ovalis P0O05159
Otri ARYC01005498.1 3
Paramecium tetraurelia strain d4-2 XP 001433045.1
Tetrahymena thermophila SB210 XP 001024894.2
Theileria parva strain Muguga XP 765737.1
Theileria annulata Tann XP 954510.1
Plasmodium falciparum 3D7 XP 001350535.1
Babesia microti strain RI Bmic XP 012647881.1
1001 Cyclospora cayetanensis Ccay XP 026189678.1
Ol 1 Eimeria tenella Eten XP 013233141.1
Toxoplasma gondii ME49 XP 002370847.1
Vitrella brassicaformis CCMP3155 CEL92890.1
Cvel 25569.11-p1
Hema GEMP01029366.1.p1
Hema GEMP01035376.1.p1
Perkinsus marinus ATCC 50983 Perkma XP 002765391.1

©

5

Pmar gen NW 003211193.1 53
Perkinsus marinus ATCC 50983 XP 002779883.1
Perkinsus marinus ATCC 50983 Perkma XP 002778710.1
Acar JAAMXW010323131.1 1
Omar CAMPEP 0204308404
Acat CAMPEP 0171170198
Acat CAMPEP 0171173776
- Acat CAMPEP 0171169860
Acat CAMPEP 0171187620
99| 9 Acat CAMPEP 0171269244
Acat CAMPEP 0171211068
Acat CAMPEP 0171199150
Acat CAMPEP 0171223604
Acat METDB-00004-1-Transcript-15215 3
Acat METDB-00004-1-Transcript-15214 2
Acat CAMPEP 0171190648
Acat CAMPEP 0171173798
Acat CAMPEP 0171189800
ho Blastocystis sp. ATCC 50177/Nand Il Blasto OAO12151.1
10 Blastocystis hominis XP 012893874.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO14282.1
10()y Blastocystis sp. ATCC 50177/Nand |l Blasto OAO16132.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO15841.1
Rsal EP00961 Rhodomonas salina P082486
— Mariprofundus ferrooxydans WP 231288419.1

~N

8

P

=

oo

bacterial succinate dehydrogenase iron-sulfur subunit (19)

bacterial succinate dehydrogenase iron-sulfur subunit (2)
bacterial succinate dehydrogenase iron-sulfur subunit (7)

99 99| Atwi GFYU01068003.1.p1
9 TelT EP00656 Telonema subtile P018526
98 Cvie GILI01023830.1.p1

100 Dpap DIPPA 33088.mRNA. 1
85 —— Tbru Tb927.8.3380
100— Ralstonia solanacearum WP 231408765.1
9 L——— Geminicoccus roseus WP 027133999.1
5

bacterial succinate dehydrogenase/fumarate reductase iron-sulfur subunit (41)

F—— Protein: sdh2; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+R8
0.50



87 Emiliania huxleyi CCMP1516 XP 005770839.1

_91|L_— Emiliania huxleyi CCMP1516 Ehux XP 005766165.1
Chrysochromulina tobinii Ctob KOO30708.1

Ectocarpus siliculosus CBN78408.1

Phytophthora sojae XP 009526060.1

Aphanomyces invadans Ainv XP 008875421.1

Nannochloropsis gaditana EWM21144.1

84
82

Thalassiosira pseudonana CCMP1335 XP 002293940.1
TelT EP00656 Telonema subtile P058663

Taur BLSG01000310.1 589
Cvie GILI01087720.1.p1

Atwi GFYU01001883.1 4
100[— Blastocystis hominis XP 012895986.1

Thecamonas trahens ATCC 50062 XP 013762030.1

Q0 100 Cafeteria roenbergensis KAA0167340.1
4{ Cafeteria roenbergensis Croe KAA0146998.1

Cafeteria roenbergensis Croe KAA0145796.1

Pbra EP00473 Plasmodiophora brassicae P009314

Bnat EP00466 Bigelowiella natans P019180

Pwic JADZLO010000008.1 586

Chlamydomonas reinhardtii Crei XP 001689507.1

Pycnococcus provasolii Ppro GHP03837.1

Micromonas pusilla CCMP1545 XP 003061918.1

Ostreococcus tauri XP 003079949.2

Acanthamoeba castellanii str. Neff XP 004367486.1

Bmot EP00823 Brevimastigomonas motovehiculus P009101

Dictyostelium discoideum AX4 XP 643757 .1

3 Mcal Malawimonas californiana 11939.mRNA.1

Mjak EP00700 Malawimonas jakobiformis P001494

Danio rerio NP 001003523.2

Gallus gallus XP 0249994221

Xenopus tropicalis NP 001136371.1

Mus musculus NP 079597.2

Monodelphis domestica XP 00748504 3.1

Homo sapiens Hsap NP 001030588.1

99 Homo sapiens NP 002992.1

Homo sapiens Hsap NP 001030589.1

Homo sapiens Hsap NP 001030590.1

mt Imasa heleensis YP 010165753.1

75| ?Monosiga brevicollis MX1 XP 001745513.1

91 9

Nematostella vectensis XP 001630432.1
Reticulomyxa filosa ETO26664.1
Drosophila melanogaster NP 001262472.1

I 8 %QTZCapsaspora owczarzaki ATCC 30864 XP 004364126.2

Trichoplax adhaerens XP 002111798.1
Sphaeroforma arctica JP610 XP 014146858.1
Branchiostoma floridae XP 002600506.1
93 Caenorhabditis elegans NP 001366681.1

Saccharomyces cerevisiae S288C NP 012781.1
Saccharomyces cerevisiae S288C Scer NP 013836.1
Brettanomyces bruxellensis Dbru XP 041134638.1
Coemansia_reversa NRRL_1564_PIA13081.1

Neurospora crassa OR74A XP 958549.1
Schizosaccharomyces pombe NP 587712.1

Cryptococcus neoformans var. neoformans B-3501A XP 778340.1
Ustilago maydis 521 XP 011390581.1

Rozella allomycis CSF55 EPZ33809.1
Conidiobolus_coronatus NRRL_28638 KXN74823.1

Batrachochytrium dendrobatidis JAM81 XP 006677478.1
Nsim EP00160 Parvularia atlantis P015460
Spizellomyces_punctatus BR117_XP_016612935.1
Fonticula alba XP 009493746.1
Catenaria anguillulae PL171 ORZ41113.1
Allomyces macrogynus ATCC 38327 Amac KNE71354.1
Allomyces macrogynus ATCC 38327 Amac KNE72152.1
100~ mt Cyanophora biloba YP 010041707.1
100 mt Cyanophora sudae YP 010041754.1
Cpar IclINC 017836.1 YP 006280846.1 29
Gnos Icl|NC 015117.1 YP 004222759.1 31
mt Gloeochaete wittrockiana YP 009092449.1
Cvie Icl|MG202006.1 prot ATY40865.1 16
mt Cyanoptyche gloeocystis YP 009092484.1
Cmer Icl[NC 000887.3 NP 059349.1 1
Ppur Icl[NC 002007.1 NP 049321.1 28
Tglo Icl[NC 023545.1 YP 009004147.1 45
Arabidopsis thaliana NP 001190268.1
Mver Icl|NC 008240.1 YP 665711.1 30
Vver YP 003540839.1
Pame Icl|[NC 001823.1 NP 044796.1 52

mt Histiona aroides YP 007890592.1

mt Jakoba bahamiensis YP 007890611.1

mt Jakoba libera YP 007890744.1

mt Seculamonas ecuadoriensis YP 007890785.1

Andgo Icl[NC 021124.1 YP 007890526.1 62

8 Drot Icl[NC 029886.1 YP 009245592.1 23
Maro Icl|AP019310.1 BBH42920.1 18

Nqua sdh3 Icl

99r1 Mpol Icl[NC 037508.1 YP 009479685.1 9

J_0.0.L; Ntab Icl|[NC 006581.1 YP 173376.1 27

Physcomitrium patens YP 539014.1

93| Pbil Icl]NC 031832.1 YP 009317216.1 10

Hand Icl[NC 010637.1 YP 001874764.1 8

mt Chroomonas placoidea YP 009476595.1

mt Cryptomonas curvata YP 009476762.1

Rsal Icl[NC 002572.1 NP 066472.1 19

mt Storeatula NC 037452.1 YP 009476646.1 10

mt Teleaulax amphioxeia YP 009475799.1

mt Proteomonas sulcata YP 009476709.1

bacterial succinate dehydrogenase cytochrome b556 subunit (64)

F—— Protein: sdh3; alignment timming: ClipKIT; IQ-TREE2 best-fit model: VT+F+R5

0.50

Phaeodactylum_tricornutum CCAP_1055/1_XP_002186053.1

MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P000500 g500.t1

10Q| Blastocystis sp. ATCC 50177/Nand Il Blasto OAO15749.1
Blastocystis sp. ATCC 50177/Nand Il Blasto OAO16953.1

Rhizophagus irregularis DAOM 181602=DAOM_197198_XP_025175702.1



90}

bacterial succinate dehydrogenase cytochrome b556 subunit (37)

Ppur Icl|NC 002007.1 NP 049305.1 12

9_']47 Maro Icl|AP019310.1 BBH42950.1 48

Hmar Icl CDS

[{o]

98, Mpol Icl[NC 037508.1 YP 009479704.1 28
100|- mt Physcomitrium patens YP 539013.1
Ntab Icl|NC 006581.1 YP 173457.1 109
Arabidopsis thaliana NP 566077.1

100— Pame Icl[NC 001823.1 NP 044797.1 53
10 mt Histiona aroides YP 007890593.1
mt Jakoba libera YP 007890742.1
mt Seculamonas ecuadoriensis YP 007890784 .1
mt Jakoba bahamiensis YP 007890612.1
Andgo Icl|[NC 021124.1 YP 007890525.1 61
1 mt Cyanophora biloba YP 010041685.1
100 mt Cyanophora sudae YP 010041732.1
— Cpar Icl|[NC 017836.1 YP 006280825.1 8
—— Gnos Icl|NC 015117.1 YP 004222758.1 30
mt Gloeochaete wittrockiana YP 009092448.1
Nqua sdh4 Icl
Drot IclINC 029886.1 YP 009245591.1 22
Mver IclINC 008240.1 YP 665702.1 21
mt Cyanoptyche gloeocystis YP 009092482.1
Pbil IclINC 031832.1 YP 009317214.1 8
mt Cryptomonas curvata YP 009476761.1
99— Hand Icl|[NC 010637.1 YP 001874800.1 44
mt Chroomonas placoidea YP 009476591.1
— mt Teleaulax amphioxeia YP 009475798.1
94 mt Proteomonas sulcata YP 009476710.1
100 Rsal Icl|NC 002572.1 NP 066471.1 18

mt Storeatula NC 037452.1 YP 009476647.1 11

81

_QQI:TQO IclINC 023545.1 prot YP 009004143.1 41
98 Cmer IclINC 000887.3 prot NP 059380.1 32

Capsaspora owczarzaki ATCC 30864 Cowc XP 011270843.1
Ectocarpus siliculosus CBJ31514.1
Nannochloropsis gaditana EWM21298.1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P001378 g1378.t1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P013183 g13183.t1
TelT EP00656 Telonema subtile P053696
Thecamonas trahens ATCC 50062 XP 013753346.1
Pbra EP00473 Plasmodiophora brassicae P004667
Chlamydomonas reinhardtii DAA79959.1
Bnat EP00466 Bigelowiella natans P0O06989
Micromonas pusilla CCMP1545 XP 003058547.1
Ostreococcus tauri XP 003080792.1
Pycnococcus provasolii Ppro GHP03836.1
Phaeodactylum_tricornutum CCAP_1055/1_XP_002181304.1
Thalassiosira pseudonana CCMP1335 XP 002290806.1
100 Blastocystis sp. ATCC 50177/Nand Il Blasto OAO11818.1
410_0_1_{ Blastocystis sp. ATCC 50177/Nand Il Blasto OAO13736.1
Blastocystis hominis XP 012895801.1
100; Emiliania huxleyi CCMP1516 XP 005785151.1
Emiliania huxleyi CCMP1516 Ehux XP 005777934.1
6 Phytophthora sojae XP 009520355.1

Aphanomyces invadans Ainv XP 008877301.1
Atwi GFYU01004048.1 4
Bmot EP00823 Brevimastigomonas motovehiculus P009218

Taur BLSG01000162.1 152
Dictyostelium discoideum AX4 XP 642171.1

1 Cafeteria roenbergensis KAA0146999.1
99 Cafeteria roenbergensis Croe KAA0145797 .1
100 Malawimonas californiana 02861.mRNA.1

Mjak EP00700 Malawimonas jakobiformis PO00664
Homo sapiens NP 002993.1
Homo sapiens Hsap NP 001263435.1
991! Homo sapiens Hsap NP 001263433.1
Mus musculus NP 080124.1
Monodelphis domestica XP 007494890.1
Gallus gallus NP 001006321.1
Xenopus tropicalis NP 989357.1
Danio rerio NP 001004004.1
Branchiostoma floridae XP 002588376.1
Trichoplax adhaerens XP 002111808.1
Nematostella vectensis XP 001638151.2
Monosiga brevicollis MX1 XP 001745654.1
Salpingoeca rosetta XP 004996740.1
Capsaspora_owczarzaki ATCC_30864 XP_004364109.1
Sphaeroforma arctica JP610 XP 014155268.1
Caenorhabditis elegans NP 496369.1
Drosophila melanogaster NP 651181.1
Fonticula alba XP 009494586.1
Nsim EP00160 Parvularia atlantis P016350
Rozella allomycis CSF55 RKP22193.1
1QQI Allomyces macrogynus ATCC 38327 Amac KNE62650.1
Allomyces macrogynus ATCC 38327 Amac KNE65665.1
100[ Allomyces macrogynus ATCC 38327 Amac KNE66832.1
Allomyces macrogynus ATCC 38327 Amac KNE70189.1
Catenaria anguillulae PL171 ORZ30247 .1
Conidiobolus coronatus NRRL 28638 KXN74508.1
Coemansia reversa NRRL 1564 PIA13345.1
Spizellomyces punctatus DAOM BR117 XP 016603922.1
Batrachochytrium dendrobatidis JEL423 OAJ37015.1
Rhizophagus irregularis DAOM
Neurospora crassa OR74A XP 965417.1
Schizosaccharomyces pombe NP 595828.2
Ustilago maydis 521 XP 011390278.1
Cryptococcus neoformans var. grubii H99 XP 012047689.1
Saccharomyces cerevisiae S288C Scer NP 014940.4
Brettanomyces bruxellensis Dbru XP 041136933.1
Brettanomyces bruxellensis Dbru XP 041136857 .1
Saccharomyces cerevisiae S288C NP 010463.1
Saccharomyces cerevisiae S288C Scer NP 013265.1

bacterial succinate dehydrogenase cytochrome b556 subunit (44)

F— Protein: sdh4; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+F+R7

0.50



100{20n QLF97288.1
100 Tgon XP 018635772.1
gon XP 002372123.2

100, T
100 L Tgon XP 018634755.1
Eten Icl|AB564272.1 BAJ25752.1 1

100
100 Ccay Icl[NC 038230.1 YP 009505143.1 1
Ccay XP 026190291.1

Lcau IclINC 015304.1 YP 004327601.1 3

00
100 ﬂo Pfal Icl|LR605957.1 prot VWP78968.1 3
mt Plasmodium falciparum BAO25831.1
Omar ABK54052.1

100{ 87 Apac BAG54820.1

Acar ABP96777 .1
mt Perkinsus marinus

/ 1o0] Hema CCE53571.1

Hema GEMP01052483.1.p1
Hema GEMP01071782.1.p1

Bmic Icl[NC 031328.1 YP 009305217.1 2

100|_'
100 Bmic YP 009363186.1

Tann Icl|NT 167255.1 XP 039113699.1 3

1QQ|:
mt Theileria parva YP 001994287 .1

mt Paulinella micropora YP 009709962.1

mt Caenorhabditis elegans NP 006958.1

77]

Otri Icl|JN383843.1 prot AEV66649.1 34

mt Rozella allomycis YP 008144609.1
Q‘E)[
9 9 mt Halteria grandinella YP 010049575.1

mt Euplotes vanleeuwenhoeki YP 010117023.1

100 9 mt Paramecium aurelia NP 039485.1
mt Thuricola similis YP 010147327 .1
100 mt Uronema marinum YP 009512667 .1

mt Ichthyophthirius muiltifiliis YP 004841736.1
Tthe Icl|NC 003029.1 NP 149395.1 32

Stromb Icl|MT471315.1 QPL15892.1 8

9¥| mt Tetrahymena malaccensis YP 740747.1
mt Tetrahymena pigmentosa YP 740835.1

mt Tetrahymena pyriformis NP 049598.1
mt Tetrahymena paravorax YP 740791.1

100; mt Paramoeba pemagquidensis YP 009308402.1

l mt Paramoeba pemaquidensis YP 009308399.1

Dpap Icl APQ44781.1

EU 17 18 cob Icl
91 mt Euglena gracilis var. bacillaris ALQ28773.1
100 mt Perkinsela
100 mt Bodo saltans AYR04644.1
9 Tbru CYb.p1
mt Trypanosoma cruzi AZL90066.1
10 mt Angomonas deanei AlL54358.1
10Q; mt Leishmania infantum AOY08576.1

mt Leishmania major AUW37948.1

Pkir Icl|[NC 034798.1 YP 009370850.1 44

HBB2 Icl AQL10469.1
Akon Icl[NC 026286.1 YP 009117118.1 7

mt Stachyamoeba lipophora YP 009118164.1
mt Pleurostomum flabellatum YP 010049274.1

Ngru IclINC 002573.1 NP 066512.1 15
Nfow Icl|NC 021104.1 YP 007890033.1 15

Aper Icl|KF651061.1 AHA41650.1 14
Bmot cob Icl

m|
7

«Q

81

Pico Icl|MG202007.1 ATY40899.1 34

lrTeIT cob lcl

Drot Icl|[NC 029886.1 YP 009245577.1 8

Drot EP00002 Diphylleia rotans PO00539

Bnat Icl|HQ840955.1 ADV41803.1 3
Pmar Icl|NC 026310.1 YP 009118065.1 13

Pbra Icl|LS992577.1 SYZ47153.1 37
mt Spongospora subterranea YP 009350066.1
mt Polymyxa betae YP 010227901.1

Croe Icl|[VLTNO1000170.1 KAA0145462.1 36

mt Cafileria marina YP 009688819.1
100 mt Nannochloropsis gaditana YP 007317123.1
100]' mt Microchloropsis salina YP 008519370.1
mt Trachydiscus minutus YP 009237669.1
mt Vischeria stellata YP 009579076.1
Cmar Icl[NC 013837.1 YP 003434220.1 13
mt Heterosigma akashiwo YP 005090298.1
mt Ectocarpus siliculosus YP 0092547211
mt Schizocladia ischiensis YP 010032391.1
mt Triparma laevis YP 009163731.1
Ptri Icl|HQ840789.1 ADY18532.1 35
Tpse Icl|NC 007405.1 YP 316620.1 35
mt Aureoumbra lagunensis YP 010152750.1
mt Aureococcus anophagefferens QGI124637.1
mt Pelagomonas calceolata YP 010152714 .1
mt Synura synuroidea NP 038169.1
mt Ochromonas danica NP 066413.1
MAST3i cob Icl

MASTA4A cob Icl
Taur Icl|AF288091.2 AAG23683.1 28

Cvie Icl|MG202006.1 ATY40859.1 18
mt Achlya hypogyna YP 008475335.1

mt Saprolegnia ferax YP 052923.1

mt Thraustotheca clavata YP 008475379.1
Ainv Icl[NC 032052.1 YP 009327238.1 2

mt Aphanomyces astaci YP 009327192.1
mt Plasmopara viticola YP 009729747 .1

mt Bremia lactucae YP 009547900.1

mt Plasmopara halstedii YP 010394633.1
mt Peronospora tabacina YP 009178781.1

mt Phytophthora agathidicida YP 010117836.1

mt Phytophthora versiformis YP 010394777.1

) mt Pseudoperonospora humuli YP 009645864.1

mt Pseudoperonospora cubensis YP 009164878.1

} mt Pythium insidiosum YP 009167041.1

mt Phytopythium vexans YP 010395039.1
99— mt Seculamonas ecuadoriensis YP 007890763.1
mt Jakoba libera YP 007890681.1

mt Jakoba bahamiensis YP 007890610.1
Pame Icl|[NC 001823.1 NP 044806.1 62

mt Histiona aroides YP 007890602.1

Tglo Icl|NC 023545.1 prot YP 009004103.1 1
Andgo Icl[NC 021124.1 prot YP 007890468.1 4
Nqua cob Icl

mt Diacronema viridis YP 010127210.1

Or Ehux Icl|JJN022704.1 prot AEI29457.1 3
mt Isochrysis galbana NC 066487.1 YP 010486778.1 9

mt Phaeocystis globosa YP 010230013.1

Ctob Icl|KJ201908.1 AHY04416.1 5

mt Chrysochromulina parva YP 009459329.1

Maro Icl|AP019310.1 BBH42907.1 5

Atwi Icl|NC 036491.1 YP 009446455.1 39

Cmer Icl[NC 000887.3 NP 059352.1 4

Gsul IclINC 024666.1 YP 009051212.1 15

Ppur IclINC 002007.1 NP 049295.1 4

mt Chondrus crispus NP 062486.1

100r mt Cyanophora biloba YP 010041679.1

mt Cyanophora sudae YP 0100417171

979 Cpar Icl[NC 017836.1 YP 006280824.1 7

b mt Gloeochaete wittrockiana YP 009092436.1

I Gnos Icl[NC 015117.1 YP 004222761.1 33

mt Cyanoptyche gloeocystis YP 009092493.1

100~ Hand Icl[NC 010637.1 YP 001874759.1 3

9 mt Chroomonas placoidea YP 009476588.1
gg mt Proteomonas sulcata YP 009476685.1

mt Teleaulax amphioxeia YP 009475760.1

1d@Q- Gthe Icl[MH844545.1 QBJ06289.1 2

mt Cryptomonas curvata YP 0094767271

|

Bt
99 Rsal Icl|[NC 002572.1 NP 066495.1 42
89 mt Storeatula NC 037452.1 YP 009476641.1 5
Lmar Icl[NC 045933.1 YP 009730086.1 42

Hmar Icl|LC515367.1 BBQ05332.1 8

Pbil Icl]NC 031832.1 YP 009317220.1 14
10Q Ntab Icl|[NC 006581.1 YP 173366.1 16

1 Ntab XP 016496934 .1

mt Arabidopsis thaliana NP 178804.1
Mpol Icl|NC 037508.1 YP 009479715.1 39
mt Physcomitrium patens YP 539027.1
Mver Icl[NC 008240.1 YP 665701.1 20
mt Ostreococcus tauri YP 717302.1

mt Micromonas
Ppro IclINC 013935.1 YP 003495130.1 6

Noli Icl|[NC 008239.1 YP 665671.1 30

Pwic Icl|[MN794237.1 Q0Z41735.1 22

Crei Icl[NC 001638.1 NP 042564.1 1
Pmir IclINC 000892.1 NP 050066.1 11

100— Mijak Icl[NC 002553.1 NP 066352.1 46
| _i E Mcal Malawimonas californiana 12266.mRNA.1
mt Imasa heleensis YP 010165756.1

00 Ddis Icl|INC 000895.1 NP 050079.1 11

o
O

©

1
100l mt Dictyostelium citrinum YP 492634.1
1
pg| 10
mt Cavenderia fasciculata YP 001876528.1
mt Balamuthia mandrillaris YP 009163127.1
— Ttra Icl|NC 026452.1 prot YP 009121398.1 25
08 mt Monodelphis domestica YP 087191.1

mt Dictyostelium intermedium YP 010191924 .1
mt Heterostelium pallidum YP 209572.1
947 Vver IclINC 013986.1 YP 003540836.1 25
mt Paravannella minima YP 009557783.1
8 Candidatus Paracaedibacter symbiosus WP 232224406.1
%'d[ Acas Icl[NC 001637.1 NP 042537.1 14
Candidatus Paracaedibacter symbiosus WP 232224405.1
100— Hsap IclINC 012920.1 prot YP 003024038.1 13
38 mt Mus musculus NP 904340.1
mt Gallus gallus spadiceus YP 009555272.1
109 mt Danio rerio NP 059343.1
1 mt Xenopus tropicalis YP 203382.1
— mt Branchiostoma floridae NP 007767.1

9%8 mt Drosophila melanogaster YP 009047277 .1
03 mt Nematostella vectensis ED034928.1
— mt Trichoplax adhaerens YP 654083.1
mt Ministeria vibrans YP 007476197 .1

mt Monosiga
Cowc Icl|[KC573038.1 AGE93614.1 48

mt Sphaerothecum destruens YP 009734650.1
Nsim EP00160 Parvularia atlantis P005455

Nsim IclINC 020369.1 YP 007476172.1 27

— Falb cob Icl

Amac Icl|[NC 001715.1 NP 043720.1 1

mt Spizellomyces punctatus NP 150306.1
mt Rhizophagus irregularis YP 003875532.1

mt Coemansia reversa

mt Cryptococcus neoformans
mt Neurospora crassa OR74A YP 0091267141
mt Schizosaccharomyces pombe NP 039502.1
Dbru Icl[NC 013147.1 YP 003127069.1 7

1oo| Scer Icl|NC 001224.1 NP 009315.1 10

Scer Icl[NC 001224.1 NP 009316.1 11
10 Scer Icl[NC 001224.1 NP 009317.1 12

Scer Icl|NC 001224.1 NP 009318.1 13

D9 o Geminicoccus roseus WP 027133328.1
Kordiimonas gwangyangensis WP 020400014.1

90

bacterial cytochrome b/b6 (34)

Magnetococcus marinus WP 011712053.1
Sideroxydans lithotrophicus WP 013028272.1

Mariprofundus ferrooxydans WP 009851069.1

Wolinella succinogenes WP 011139929.1

bacterial cytochrome bc complex cytochrome b subunit (20)

100| 77

Ntab XP 016443822.1
Ntab NP 054530.1

Mpol PTQ26460.1
Tpse XP 002297530.1

Gsul XP 005704994.1

T Ntab NP 054531.1
Mpol PTQ26246.1

0.50

Acidimicrobium ferrooxidans WP 015798925.1

bacterial cytochrome b N-terminal domain-containing proteins (18)
100— Anabaena cylindrica WP 0152140031

Acaryochloris marina WP 041660619.1

Cvel CDS undefined product 14060236
Stanieria cyanosphaera WP 015193902.1
Anabaena cylindrica WP 015212945.1

Crinalium epipsammum WP 015201860.1
Acaryochloris WP 010471635.1 MULTISPECIES

Rsal EP00961 Rhodomonas salina P085662
Rsal EP00961 Rhodomonas salina P249074

981 Crinalium epipsammum WP 015201859.1
8JL Stanieria cyanosphaera WP 015193903.1

941 Anabaena cylindrica WP 015212944.1
Acaryochloris WP 012164940.1

J_OQETpse XP 002297529.1
Egra Gene.93893

Protein: cob; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+F+R9



Hema GEMP01056836.1.p1
og Hema GEMP01037345.1.p1
Hema GEMP01064425.1.p1
100, Hema GEMP01093518.1.p1
* Hema Icl|CCE53570.1
00— Hema GEMP01065051.1.p1
96[ —— Hema GEMP01104422.1.p1
100~ Hema GEMP01041074.1.p1

| 100| Hema GEMP01071782.1.p1
Hema GEMP01052483.1.p1

Apac Icl|BAG54822.1
Acar Icl|ABK57967.1

Omar Icl|ABK57983.1
cay Icl|NC 038230.1 YP 009505144.1 2

96 1 680 C
I _[|— Ccay XP 026190291.1
100 Eten Icl|AB564272.1 BAJ25753.1 2
100, mt Toxoplasma gondii Icl|AFQ31675.1
99 i Tgon XP 002372123.2

] 100~ Lcau Icl|[NC 015304.1 YP 004327600.1 2

1 —]
00 100 mt Plasmodium falciparum YP 009480320.1
Bmic Icl|[NC 031328.1 YP 009305216.1 1

100
100 [ Bmic YP 009363187.1
100; Tann IcI|NT 167255.1 XP 039113697.1 1

L mt Theileria parva YP 001994285.1

99 99 Cvel Icl|AHK23684.1 cox1
mt Perkinsus marinus ATCC 50439 Icl|[ADZ98701.1

10(1)00 Otri Icl|JN383843.1 AEV66698.1 84
100 mt Halteria grandinella YP 010049605.1

mt Euplotes vanleeuwenhoeki YP 010117028.1
Stromb Icl|MT471315.1 QPL15924.1 40
100 mt Paramecium aurelia NP 039493.1
91| Tdo mt Thuricola similis YP 010147331.1

0 mt Uronema marinum YP 009512634.1
o[— mt Ichthyophthirius multifilis YP 004841742.1

19 mt Tetrahymena paravorax YP 740798.1
3 Tthe Icl|NC 003029.1 NP 149402.1 39
8

100

mt Tetrahymena malaccensis YP 740754.1
mt Tetrahymena pigmentosa YP 740842.1
mt Tetrahymena pyriformis NP 049605.1

L Aper Icl|KF651061.1 AHA41651.1 15
94 100, Cvie Icl|[MG202006.1 ATY40856.1 14

[ ] Cvie GILI01009089.1.p1
Crei IclINC 001638.1 NP 042567.1 4

Pmir Icl|[NC 000892.1 NP 050060.1 5
Euglena gracilis var. bacillaris ALQ28774.1

93 [
mt Rozella allomycis YP 008144602.1

EU 17 18 cox1 Icl
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013204 gene13204-gene1

95
‘ 100
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013180 gene13180-gene4002
— EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013090 gene13090-gene3888
EU 17 18 EP01079 Euglenida sp SAG-EU17-18 P013201 gene13201-gene4023

80 Dpap Icl|APQ44782.1
100 mt Perkinsela sp. CCAP 1560/4 ALR73783.1
100 Cvie GILI01000024.1.p1
% mt Bodo saltans AAC38978.1

100— Trypanosoma brucei brucei Icl|QEG98420.1
mt Trypanosoma cruzi marinkellei AKT44499.1

mt Angomonas deanei AlL54352.1

mt Leishmania infantum DAC80396.1

L — Drot Icl|NC 029886.1 YP 009245583.1 14
t Acanthamoeba castellanii NP 042527.1

00 m
_|_— mt Balamuthia mandrillaris YP 009163156.1
Hsap Icl|[NC 012920.1 YP 003024028.1 3
mt Mus musculus NP 904330.1
mt Monodelphis domestica YP 087181.1
mt Gallus gallus spadiceus YP 009555263.1
mt Xenopus tropicalis YP 203372.1
mt Danio rerio NP 059333.1
mt Branchiostoma floridae NP 007757.1
mt Drosophila melanogaster YP 009047267.1
Nova CDS CDS undefined product 57414026
mt Caenorhabditis elegans NP 006961.1

— mt Trichoplax adhaerens YP 654082.3

Cowc Icl|[KC573038.1 AGE93633.1 67

mt Ministeria vibrans YP 007476200.1

Falb cox1 Icl

Nsim EP00160 Parvularia atlantis P005174

Mbre Icl[INC 004309.1 NP 696984.1 21

mt Sphaerothecum destruens YP 009734651.1
mt Spizellomyces punctatus NP 150309.1
Amac Icl|[NC 001715.1 NP 043733.1 9

mt Rhizophagus irregularis YP 003875537.1

mt Ustilago maydis YP 762688.1

mt Cryptococcus neoformans
mt Neurospora crassa OR74A YP 0091267171
Scer Icl[NC 001224.1 NP 009308.2 4
Mvir EP00899 Mesostigma viride P016975

78

83|

mt Schizosaccharomyces pombe NP 039499.1

B3
—E5 ——— Dbru Icl|[NC 013147.1°YP 003127077.1 15
911 Scer Icl[NC 001224.1 NP 009305.1 1
91 Scer Icl[NC 001224.1 NP 009306.1 2
91 Scer Icl|[NC 001224.1 NP 009307.2 3
| 100 —— Scer NP 009309.1
' Scer NP 009310.1

Ntab XP 016440706.1

100 — mt Heterostelium pallidum YP 209606.1
100 mt Cavenderia fasciculata YP 001876517.1
001 mt Dictyostelium intermedium YP 010191919.1

mt Dictyostelium discoideum NP 050073.1
mt Dictyostelium citrinum YP 492636.2

— mt Imasa heleensis YP 010165718.1

Nsim Icl[NC 020369.1 YP 0074761471 2

Nsim EP00160 Parvularia atlantis PO05177

Ttra Icl|NC 026452.1 YP 009121383.1 10

mt Paravannella minima YP 009557809.1

Vver Icl[NC 013986.1 YP 003540846.1 35

mt Paramoeba pemaquidensis YP 009308418.1

Mijak Icl[INC 002553.1 NP 066340.1 34

Or Mcal Icl|NC 026311.1 YP 009118102.1 25

Mcal Malawimonas californiana 12267.mRNA.1

Maro Icl|AP019310 BBH42906.1 4

Bnat Icl|HQ840955.1 ADV41804.1 4

Atwi Icl|NC 036491.1 YP 009446469.1 53

Nqua cox1 Icl
Pico Icl]MG202007.1 ATY40897.1 32

TelT cox1 Icl
) mt Diacronema viridis YP 010127227 .1
01100~ Ehux Icl|JN022704.1 AEI29456.1 2
00] = mt Isochrysis galbana NC 066487.1 YP 010486770.1 1
mt Phaeocystis globosa YP 010230007.1
190, Ctob Icl|KJ201908.1 AHY04422.1 11
mt Chrysochromulina parva YP 009459335.1
mt_Micromonas pusilla_CCMP1545_ACO50727 .1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008084 g8084.t1
mt Ostreococcus tauri YP 717304.1
Ppro Icl|NC 013935.1 YP 003495141.1 17
Mver Icl|[NC 008240.1 YP 665706.1 25
Ntab Icl|NC 006581.1 YP 173395.1 46
mt Arabidopsis thaliana YP 009472108.1
mt Physcomitrium patens YP 539000.2
Mpol Icl[NC 037508.1 YP 009479726.1 50
Mpol PTQ47970.1
Ppur IclINC 002007.1 NP 049313.1 20
mt Chondrus crispus NP 062482.1
Cmer Icl[NC 000887.3 NP 059357.2 9
Hmar Icl|LC515367.1 BBQ05331.1 7
Rsal EP00961 Rhodomonas salina P102783
00— Gthe Icl|[MH844545.1 QBJ06288.1 1
mt Cryptomonas curvata YP 009476726.1
Hand Icl[NC 010637.1 YP 001874758.1 2
mt Chroomonas placoidea YP 009476598.1
O Rsal Icl|NC 002572.1 NP 066491.1 38
mt Storeatula NC 037452.1 YP 009476637.1
mt Proteomonas sulcata YP 009476684.1
mt Teleaulax amphioxeia YP 009475756.1
Gthe XP 005819261.1
Noli Icl|[NC 008239.1 YP 665664.1 23
Pwic Icl|[MN794237.1 Q0Z41717.1 4
O~ Cpar Icl[NC 017836.1 YP 006280850.1 33
0 mt Cyanophora sudae YP 010041716.1
mt Cyanophora biloba YP 010041678.1
mt Gloeochaete wittrockiana YP 009092435.1
Gnos IclINC 015117.1 YP 004222731.1 3
mt Cyanoptyche gloeocystis YP 009092481.1
102: mt Ochromonas danica NP 066450.1
mt Synura synuroidea NP 038171.1
100 mt Nannochloropsis gaditana YP 007317108.1
mt Microchloropsis salina YP 008519354.1
mt Nannochloropsis gaditana YP 007317107.1
mt Trachydiscus minutus YP 009237648.1
mt Vischeria stellata YP 009579051 .1
Cmar Icl[NC 013837.1 YP 003434222.1 15
mt Heterosigma akashiwo YP 005090300.1
mt Ectocarpus siliculosus YP 009254719.1
mt Schizocladia ischiensis YP 010032388.1
mt Triparma laevis YP 009163708.1
00 Td:)se IclINC 007405.1 YP 316586.1 1
100, Ptri Icl|HQ840789.1 ADY18508.1 10
Phaeodactylum tricornutum QI142414.1
mt Aureoumbra lagunensis YP 010152739.1
mt Aureococcus anophagefferens QG124649.1
mt Pelagomonas calceolata YP 010152702.1
Taur Icl|AF288091.2 AAG23677.1 22

ﬁrr Lmar Icl[NC 045933.1 YP 009730088.1 44
MAST4A cox1 Icl

100 Pbra Icl|LS992577.1 SYZ47160.1 44
mt Spongospora subterranea YP 009350062.1
mt Polymyxa betae YP 010227898.1
00 mt Achlya hypogyna YP 008475343.1
mt Saprolegnia ferax YP 052915.1
mt Thraustotheca clavata YP 008475413.1
Ainv Icl[NC 032052.1 YP 009327282.1 46
mt Aphanomyces astaci YP 009327236.1
O mt Pythium insidiosum YP 009167016.1

MAST3i cox1 Icl
mt Cafileria marina YP 009688817.1
95 mt Paulinella micropora YP 009709944 .1

81

[{o]

mt Phytopythium vexans YP 010395052.1
mt Phytophthora versiformis YP 010394776.1
109} mt Phytophthora agathidicida YP 010117839.1
mt Phytophthora sojae YP 001165384.1

mt Plasmopara halstedii YP 010394619.1

mt Bremia lactucae YP 009547884.1
mt Plasmopara viticola YP 009729733.1

mt Hyaloperonospora arabidopsidis YP 010394007 .1
mt Pseudoperonospora cubensis YP 0091648771
mt Peronospora tabacina YP 009178780.1

mt Peronospora belbahrii YP 010394032.1
(')QI: Croe Icl|[VLTNO1000170.1 KAA0145430.1 4

Pbil IclINC 031832.1 YP 009317221.1 15
91900 Pame Icl[NC 001823.1 NP 044808.1 64
mt Histiona aroides YP 007890604.1

mt Jakoba bahamiensis YP 007890637 .1
mt Jakoba libera YP 007890687 .1
Andgo Icl|[NC 021124.1 YP 007890504.1 40

mt Seculamonas ecuadoriensis YP 007890775.1
Tglo Icl|NC 023545.1 YP 009004145.1 43
Nsim EP00160 Parvularia atlantis P005178
88| 99 Pkir Icl|[NC 034798.1 YP 009370822.1 16

HBB2 Icl|AQL10466.1
5 Akon Icl[NC 026286.1 YP 009117116.1 5

mt Stachyamoeba lipophora YP 009118156.1
mt Pleurostomum flabellatum YP 010049260.1
0 Ngru Icl|NC 002573.1 NP 066505.1 8

Nfow Icl[NC 021104.1 YP 007890026.1 8
Gsul Icl|NC 024666.1 YP 009051198.1 1

bacterial cytochrome oxidase subunit 1 (153)

{ Protein: cox1; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+F+R9
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9 1[ mt Bremia lactucae YP 009547882.1
97 Nsim EP00160 Parvularia atlantis P020212
mt Plasmopara viticola YP 009729732.1
- mt Plasmopara halstedii YP 010394618.1
- mt Phytophthora versiformis YP 010394775.1
mt Phytophthora sojae YP 001165382.1
9@ mt Pseudoperonospora cubensis YP 009164876.1
mt Hyaloperonospora arabidopsidis YP 010394006.1
mt Phytophthora agathidicida YP 010117840.1
98¢ mt Globisporangium ultimum YP 003734845.1
mt Pythium insidiosum YP 009167017.1
994 mt Peronospora belbahrii YP 010394033.1
88 mt Peronospora tabacina YP 009178778.1
mt Phytopythium vexans YP 010395051.1
mt Saprolegnia ferax YP 052914.1
1100] mt Achlya hypogyna YP 008475344.1
9g mt Thraustotheca clavata YP 008475412.1
00r Ainv Icl|NC 032052.1 YP 009327281.1 45
mt Aphanomyces astaci YP 009327235.1
mt Aureococcus anophagefferens QGI24641.1
mt Pelagomonas calceolata YP 010152710.1
mt Aureoumbra lagunensis YP 010152747.1
67— Cmar Icl[NC 013837.1 YP 003434221.1 14
mt Heterosigma akashiwo YP 005090299.1
mt Triparma laevis YP 009163733.1
mt Ectocarpus siliculosus YP 009254722.1
mt Schizocladia ischiensis YP 010032392.1
mt Nannochloropsis gaditana YP 007317138.1
mt Trachydiscus minutus YP 009237691.1
mt Vischeria stellata YP 009579060.1
Ptri Icl|HQ840789.1 ADY18505.1 7
Tpse Icl[NC 007405.1 YP 316591.1 6
mt Ochromonas danica NP 066414.1
mt Synura synuroidea NP 038168.1
— Taur Icl|AF288091.2 AAG23676.1 21
mt Polymyxa betae YP 010227897 .1
mt Spongospora subterranea YP 009350061.1
Pbra Icl|LS992577.1 SYZ47167.1 51
Pkir IclINC 034798.1 YP 009370809.1 3
HBB2 Icl|AQL10452.1
Croe Icl[VLTNO1000170.1 KAA0145431.1 5
mt Cafileria marina YP 009688827.1
100— Pame Icl|NC 001823.1 NP 044809.1 65
mt Histiona aroides YP 007890606.1
mt Jakoba bahamiensis YP 007890638.1
mt Seculamonas ecuadoriensis YP 007890776.1
Andgo Icl|[NC 021124.1 YP 007890507.1 43
Tglo Icl[NC 023545.1 YP 009004129.1 27
Bnat Icl|HQ840955.1 ADV41819.1 19
mt Jakoba libera YP 007890686.1
1007 Pico Icl|MG202007.1 ATY40870.1 5
Pico 68069 5
Maro Icl|AP019310.1 BBH42960.1 58
Ttra Icl|NC 026452.1 YP 009121405.1 32
Hmar Icl|LC515367.1 BBQ05357.1 33
TelT cox2 Icl
Lmar Icl[NC 045933.1 YP 009730084.1 40
MASTS3i cox2 Icl
MASTA4A cox2 Icl
mt Teleaulax amphioxeia YP 009475769.1
100]~ mt Proteomonas sulcata YP 009476695.1
0 Gthe Icl|MH844545.1 QBJ06304.1 19
mt Cryptomonas curvata YP 009476735.1
Rsal Icl[NC 002572.1 NP 066486.1 33
mt Storeatula NC 037452.1 YP 009476671.1 35
mt Chroomonas placoidea YP 009476626.1
0; Hand IcIINC 010637.1 YP 001874757.1 1
Hand CAMPEP 0114109054
mt Diacronema viridis YP 010127215.1
mt Phaeocystis globosa YP 010230018.1
9200; Ctob Icl|KJ201908.1 AHY04421.1 10
10 mt Chrysochromulina parva YP 009459334.1
100 mt Isochrysis galbana NC 066487.1 YP 010486772.1 3
Ehux Icl|JN022704.1 AEI29465.1 11
mt Emiliania huxleyi NP 957731.1

Lo
~J

=

9.9_|—_Atwi IclINC 036491.1 YP 009446449.1 33

Nqua cox2 Icl
100 mt Cyanophora biloba YP 010041682.1
mt Cyanophora sudae YP 010041727.1
99 Cpar Icl|NC 017836.1 YP 006280819.1 2

[TaY

(da)

N

10

93 mt Cyanoptyche gloeocystis YP 009092494.1
’ Gnos Icl[NC 015117.1 YP 004222730.1 2
mt Gloeochaete wittrockiana YP 009092432.1

LjJD_I:Ppur IclINC 002007.1 NP 049312.1 19

mt Chondrus crispus NP 062483.1
100; mt Heterostelium pallidum YP 209606.1
mt Cavenderia fasciculata YP 001876517.1
mt Dictyostelium intermedium YP 010191919.1
b6 mt Dictyostelium discoideum NP 050073.1
mt Dictyostelium citrinum YP 492636.2
Gsul Icl|NC 024666.1 YP 009051213.1 16
mt Paravannella minima YP 009557812.1
Pwic Icl|[MN794237.1 Q0Z41727.1 14
100~ mt Ostreococcus tauri YP 717296.1
mt Micromonas pusilla CCMP 1545 ACO50736.1
Ppro IclINC 013935.1 YP 003495140.1 16
Nsim EP00160 Parvularia atlantis P020225
Noli Icl[NC 008239.1 YP 665680.1 39
Mver IclINC 008240.1 YP 665704.1 23
Ntab Icl|NC 006581.1 YP 173431.1 83
Ntab IclINC 006581.1 YP 173414.1 65
Ntab Icl|INC 006581.1 YP 173412.1 63
mt Arabidopsis thaliana YP 009472098.2
mt Physcomitrium patens YP 539024 .1
Mpol Icl[NC 037508.1 YP 009479707.1 31
Mpol PTQ40273.1
Cmer Icl[NC 000887.3 NP 059353.1 5
mt Imasa heleensis YP 010165751.1
Mjak Icl[NC 002553.1 NP 066337.1 31
Vver Icl|INC 013986.1 YP 003540849.1 38
1001 Mcal Icl|NC 026311.1 YP 009118100.1 23
Mcal Malawimonas californiana 12268.mRNA.1
mt Mus musculus NP 904331.1
mt Monodelphis domestica YP 087182.1
Hsap Icl|NC 012920.1 YP 003024029.1 4
mt Gallus gallus spadiceus YP 009555264.1
mt Xenopus tropicalis YP 203373.1
mt Danio rerio NP 059334.1
mt Branchiostoma floridae NP 007758.1
mt Caenorhabditis elegans NP 006962.1
mt Drosophila melanogaster YP 009047268.1
mt Trichoplax adhaerens YP 654096.1
Cowc Icl|[KC573038.1 AGE93599.1 33
—:nt Ministeria vibrans YP 007476201.1
Nsim Icl|[NC 020369.1 YP 007476168.1 23
— mt Fonticula alba Icl|XP 009498409.1
Q|:Mbre IcIINC 004309.1 NP 696983.1 20
mt Sphaerothecum destruens YP 009734652.1
mt Spizellomyces punctatus NP 150304.1
Amac Icl|[NC 001715.1 NP 043726.1 4

—

10099 — mt Ustilago maydis YP 762685.1

mt Cryptococcus neoformans var. grubii H99 YP 006883719.1
mt Rhizophagus irregularis YP 003875522.1
ml: Scer IclINC 001224.1 NP 009326.1 17
Dbru Icl[NC 013147.1 YP 003127080.1 18
99 mt Schizosaccharomyces pombe NP 039508.1
T i
mt Neurospora crassa OR74A YP 009126729.1

7|: Drot Icl[NC 029886.1 YP 009245594.1 25

Pbil Icl[NC 031832.1 YP 009317237.1 31

Perkma XP 002785639.1
100! pPerkma XP 002771104.1
Perkma XP 002767155.1
Omar CAMPEP 0204316758
Acat CAMPEP 0171238978
Acat CAMPEP 0171198444
Acat CAMPEP 0171168504
100~ Hema GEMP01028785.1.p1
Hema GEMP01060972.1.p1
Vitrella brassicaformis CCMP3155 CEM04530.1
Cvel 18635.t1-p1

Eten XP 013234755.1

Bmic XP 021338382.1

Theileria parva strain Muguga XP 765620.1
Tann XP 954616.1

97

01

Plasmodium falciparum 3D7 XP 001350328.1

Chlamydomonas reinhardtii XP 001697546.1
mt Paulinella micropora YP 009709944 .1
mt Balamuthia mandrillaris YP 009163160.1
mt Acanthamoeba castellanii NP 042527 .1
Candidatus Paracaedibacter symbiosus WP 032114067.1

Aper Icl|KF651061.1 AHA41638.1 2

1001 Ngru Icl[NC 002573.1 NP 066536.1 39

_10_0_|ir\1fow IclINC 021104.1 YP 007890057.1 39
100 mt Pleurostomum flabellatum YP 010049298.1
— — mt Stachyamoeba lipophora YP 009118148.1
Akon Icl|[NC 026286.1 prot YP 009117119.1 8
mt Angomonas deanei AlL54354.1
mt Leishmania infantum DAC80394.1
mt Trypanosoma cruzi AAA16806.1
Tbru CO2.p1 Icl type

(o)
—

95

- 100 mt Bodo saltans AAC38976.1

99 — mt Perkinsela sp. GillNOR1/I ALR87302.1
EU 17 18 cox2 Icl

Dpap Icl|APQ44783.1

81 96— Oftri Icl|JN383843.1 AEV66701.1 87
98[1 mt Halteria grandinella YP 010049608.1
1 Stromb Icl|[MT471315.1 QPL15923.1 39
100 mt Euplotes vanleeuwenhoeki YP 010117025.1

sp|P08749.2|COX2 PARTE
mt Thuricola similis YP 010147329.1
mt Uronema marinum YP 009512669.1
9 mt Ichthyophthirius multifiliis YP 004841738.1
98[r mt Tetrahymena paravorax YP 740793.1
Tthe Icl|NC 003029.1 NP 149397.1 34
mt Tetrahymena malaccensis YP 740749.1
mt Tetrahymena pigmentosa YP 740837.1
mt Tetrahymena pyriformis NP 049600.1
mt Euglena gracilis var. bacillaris ALQ28775.1
mt Rozella allomycis YP 008144605.1
mt Paramoeba pemaquidensis YP 009308416.1
Cvie Icl|MG202006.1 ATY40854.1 12
— Crei XP 001690236.1
— Hema GEMP01065235.1.p1

1

99 100; Omar CAMPEP 0204393254

1 Omar CAMPEP 0204506734

Omar CAMPEP 0204262090

Cvel 17158.11-p1

Eten XP 013232369.1

Ccay XP 022592439.2

Tgon XP 002364293.1

Tann XP 954100.1

Pfal XP 001348462.1

Bmic XP 012649294 .1

Perkinsus marinus ATCC 50983 XP 002788613.1
Perkma XP 002788770.1

Perkma XP 002769053.1

Perkma XP 002765288.1

Vbra 14923.t1-p1

Acat CAMPEP 0171234190

100| Acat CAMPEP 0171182954

Acat METDB-00004-1-Transcript-669 1
Acat CAMPEP 0171237928

100

bacterial cytochrome ¢ oxidase subunit Il (139)

F——- Protein: cox2; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+R7
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bacterial cytochrome o ubiquinol oxidase subunit Ill (32)

Ttra IclINC 026452.1 YP 009121388.1 15
TelT cox3 Icl
Mijak IclINC 002553.1 NP 066332.1 26
Mecal Icl|NC 026311.1 YP 009118083.1 6
mt Imasa heleensis YP 010165736.1
mt Paravannella minima YP 009557771.1
Hmar Icl|LC515367.1 BBQ05359.1 35
Rsal Icl[NC 002572.1 NP 066487.1 34
mt Storeatula NC 037452.1 YP 009476669.1 33
05 mt Proteomonas sulcata YP 009476697 .1
mt Teleaulax amphioxeia YP 009475771.1
Hand Icl[NC 010637.1 YP 001874791.1 35
mt Chroomonas placoidea YP 009476628.1
1001 Gthe Icl|MH844545.1 prot QBJ06297.1 17
mt Cryptomonas curvata YP 009476737.1
1005 mt Cyanophora sudae YP 010041714.1
mt Cyanophora biloba YP 010041676.1
Cpar Icl[INC 017836.1 YP 006280856.1 39
Vver Icl|NC 013986.1 YP 003540842.1 31
mt Fonticula alba Icl|XP 009498411.1
mt Gloeochaete wittrockiana YP 009092431.1
Gnos IclINC 015117.1 YP 004222747.1 19
Tglo IclNC 023545.1 YP 009004128.1 26
Pbra Icl|LS992577.1 SYZ47169.1 53
mt Spongospora subterranea YP 009350059.1
mt Polymyxa betae YP 010227895.1
Ctob Icl|KJ201908.1 AHY04426.1 15
mt Phaeocystis globosa YP 010230024.1
mt Isochrysis galbana NC 066487.1 YP 010486789.1 20
Ehux Icl|lJN022704.1 AEI29458.1 4
mt Emiliania huxleyi NP 957724 1
Atwi Icl|NC 036491.1 YP 009446442.1 26
1 Nqua cox3 Icl
mt Diacronema viridis YP 010127228.1
Drot Icl|NC 029886.1 YP 009245605.1 36
Pico Icl|MG202007.1 ATY40888.1 23
D Cmer Icl[NC 000887.3 NP 059354.1 6
( Ppur IclINC 002007.1 NP 049311.1 18
mt Chondrus crispus NP 062484 .1
Maro Icl|AP019310.1 BBH42921.1 19
Pbil Icl|[NC 031832.1 YP 009317239.1 33
mt Ostreococcus tauri YP 717297.1
mt Micromonas pusilla CCMP 1545 AC0O50735.1
Pwic Icl|[MN794237.1 Q0Z41726.1 13
Mver Icl[NC 008240.1 YP 665708.1 27
@0 Mpol Icl|NC 037508.1 YP 009479710.1 34
mt Physcomitrium patens YP 539025.1
Ntab Icl[NC 006581.1 YP 173456.1 108
mt Arabidopsis thaliana YP 009472127.2
1001 Croe Icl|VLTN01000170.1 KAA0145429.1 3
42 mt Cafileria marina YP 009688851.1
[ Bnat Icl|[HQ840955.1 ADV41816.1 16
Ppro IclINC 013935.1 YP 003495125.1 1
Noli Icl[INC 008239.1 YP 665681.1 40
97 mt Jakoba bahamiensis YP 007890657 .1
mt Jakoba libera YP 007890722.1
mt Seculamonas ecuadoriensis YP 007890808.1
Pame Icl[NC 001823.1 NP 044756.1 12
mt Histiona aroides YP 007890551.1
Andgo Icl[NC 021124.1 YP 007890482.1 18
i Taur Icl|AF288091.2 AAG23662.1 7
nor Mt Trachydiscus minutus YP 009237670.1
99r mt Nannochloropsis gaditana YP 007317124 .1
mt Vischeria stellata YP 009579077.1
mt Ochromonas danica NP 066446.1
mt Synura synuroidea NP 038196.1
mt Aureoumbra lagunensis YP 010152767.1
mt Aureococcus anophagefferens QGI124635.1
mt Pelagomonas calceolata YP 010152716.1
Cmar Icl[NC 013837.1 YP 003434216.1 9
mt Heterosigma akashiwo YP 005090289.1
mt Triparma laevis YP 009163698.1
le_— Ptri Icl|HQ840789.1 ADY18503.1 5
Tpse IclNC 007405.1 YP 316592.1 7
71 1 mt Ectocarpus siliculosus YP 009254716.1
mt Schizocladia ischiensis YP 010032385.1
91— Lmar Icl|NC 045933.1 YP 009730085.1 41
— Nsim Icl|[NC 020369.1 prot YP 007476157.1 12
10Q mt Dictyostelium citrinum YP 492643.1
100! mt Dictyostelium intermedium YP 010191917.1
| 100 Ddis Icl|INC 000895.1 prot NP 050071.1 3
mt Cavenderia fasciculata YP 001876515.1
mt Heterostelium pallidum YP 209604.1
9:+ mt Saprolegnia ferax YP 052912.1

mt Thraustotheca clavata YP 008475410.1
mt Achlya hypogyna YP 008475346.1
1 ({ Ainv Icl[INC 032052.1 prot YP 009327279.1 43
mt Aphanomyces astaci YP 009327233.1
mt Globisporangium ultimum YP 003734836.1
so[ mt Pythium insidiosum YP 009167044.1
mt Phytopythium vexans YP 010395042.1
mt Plasmopara halstedii YP 010394628.1
mt Bremia lactucae YP 009547895.1
mt Plasmopara viticola YP 009729742.1
mt Phytophthora sojae YP 001165390.1
94| mt Phytophthora agathidicida YP 010117833.1
mt Phytophthora versiformis YP 010394782.1
mt Hyaloperonospora arabidopsidis YP 010393998.1
10Q mt Pseudoperonospora humuli YP 009645869.1
mt Pseudoperonospora cubensis YP 009164883.1
10Q mt Peronospora belbahrii YP 010394036.1
mt Peronospora tabacina YP 009178786.1
— MAST4A cox3 Icl
— Nsim EP00160 Parvularia atlantis PO08037
Amac Icl|NC 001715.1 NP 043725.1 3
mt Rhizophagus irregularis YP 003875546.1
mt Ustilago maydis YP 762698.1
mt_Cryptococcus neoformans var. grubii_ H99 YP_006883711.1
mt Neurospora crassa OR74A YP 009126704.1
mt Schizosaccharomyces pombe QDP17086.1
Scer Icl|[NC 001224.1 NP 009328.1 19
Dbru Icl[NC 013147.1 YP 003127063.1 1
— mt Ministeria vibrans YP 0074761871
94?1 mt Trichoplax adhaerens YP 654092.1
R mt Nematostella vectensis ACY92285.1
mt Drosophila melanogaster YP 009047271.1
1 mt Branchiostoma floridae NP 007761.1
1 mt Gallus gallus spadiceus YP 009555267.1
985 mt Danio rerio NP 059337.1
1| 99— mt Xenopus tropicalis YP 203376.1
1001 Mt Monodelphis domestica YP 087185.1
1 Hsap IclINC 012920.1 YP 003024032.1 7
mt Mus musculus NP 904334 .1
80| L Cowc Icl|KC573038.1 AGE93637.1 71
R7 mt Cyanoptyche gloeocystis YP 009092472.1
‘l_l_:Gsul IclINC 024666.1 YP 009051214.1 17
mt Caenorhabditis elegans NP 006959.1
— Mbre Icl|[NC 004309.1 NP 696991.1 28
mt Sphaerothecum destruens YP 009734658.1
MASTS3i cox3 Icl
Acas Icl[NC 001637.1 NP 042532.1 9
mt Balamuthia mandrillaris YP 009163148.1
Pmar IclINC 026310.1 YP 009118060.1 8
mt Paulinella micropora YP 009709959.1
Cvie Icl|[MG202006.1 ATY40857.1 15
HBB2 Icl|AQL10451.1
Pkir EP00761 Pharyngomonas kirbyi P003655
mt Spizellomyces punctatus NP 150317.1
Aper Icl|KF651061.1 AHA41639.1 3
mt Paramoeba pemaquidensis YP 009308417.1

1005 Ngru Icl[NC 002573.1 NP 066509.1 12
_10QliQ(NfOW IclINC 021104.1 YP 007890030.1 12

50 . 99 mt Pleurostomum flabellatum YP 010049265.1
4 EU 17 18 cox3 Icl
81 mt Stachyamoeba lipophora YP 009118142.1
Akon Icl|NC 026286.1 YP 009117140.1 29

mt Rozella allomycis YP 008144608.1
Dpap Icl|APQ44784.1

8 mt Trypanosoma brucei Icl|AAA32122.1
86| - mt Trypanosoma cruzi ABL09361.1
84 mt Angomonas deanei AlL54359.1
mt Leishmania infantum DAC80389.1

mt Perkinsela sp. GilINOR1/I ALR87303.1
1007 Bmic Icl|NC 031328.1 YP 009305218.1 3
~ Bmic YP 009363188.1

Omar Icl|ABX58020.1
| 75 Jﬁ— Drot EP00002 Diphylleia rotans P000154
8 Hema Icl|CCE53572.1

967 Egra Icl|ALQ28776.1
L Perkma Icl|YP 010570505.1
&1 100— Tann Icl|NT 167255.1 XP 039113698.1 2
“— mt Theileria parva YP 001994286.1
4 100 Pfal Icl|LR605957.1 VWP78966.1 1

100[" 1 mt Plasmodium falciparum YP 009480319.1
Lcau Icl|NC 015304.1 YP 004327599.1 1

198 11 0'({ Ccay Icl|NC 038230.1 YP 009505145.1 3

Ccay XP 026190290.1
Eten Icl|AB564272.1 BAJ25754.1 3

100 Tgon XP 002369064.1
4[mt Toxoplasma gondii Icl|ME49 XP 018634735.1
Tgon XP 018634750.1

100

Crei XP 001692182.1

bacterual cytochrome o ubiquinol oxidase subunit 1l (80)

F—— Protein: cox3; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+R8
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100

84

EP00649 Plasmopara halstedii P015467

mt Plasmopara halstedii YP 010394620.1

mt Plasmopara viticola YP 009729734.1

mt Bremia lactucae YP 009547887.1

mt Pseudoperonospora cubensis YP 009164891.1
mt Pseudoperonospora humuli YP 009645877 .1
mt Hyaloperonospora arabidopsidis YP 010393990.1
mt Peronospora belbahrii YP 010394044.1

mt Phytophthora versiformis YP 010394790.1

mt Phytophthora agathidicida YP 010117825.1

mt Peronospora tabacina YP 009178794.1

mt Phytopythium vexans YP 010395050.1

mt Globisporangium ultimum YP 003734844.1

mt Pythium insidiosum YP 009167052.1

Ainv IclINC 032052.1 YP 009327254.1 18

mt Aphanomyces astaci YP 009327208.1

96| 10q¢ Mt Thraustotheca clavata YP 008475389.1

mt Achlya hypogyna YP 008475367.1

EP00625 Aureococcus anophagefferens P008264
EP00609 Ectocarpus siliculosus P012811
EP00638 Chattonella subsalsa P000483

Ppur TRINITY DN3759 c0 g1 i1.p1

EP00530 Phaeodactylum tricornutum P006048

9 Tpse XP 002291694.1
— MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P003683 g3683.t1
7 EP00511 Aplanochytrium stocchinoi P001232

% EP00513 Hondaea fermentalgiana P010883
Taur CDS undefined

MASTS3i atp1 Icl
Nqgua Colp41 TRINITY DN2831 c0 g1
mt Paravannella minima YP 009557814.1
EP00276 Gloeochaete wittrockiana P010986
EP00741 Cyanophora paradoxa P009364
EP00274 Cyanoptyche gloeocystis P002685
Gnos CDS undefined product 1455695
EP00003 Mantamonas plastica P017320
100; EP00314 Emiliania huxleyi P001704
1001 1 EP00315 Gephyrocapsa oceanica P009071
00l Ep00320 Phaeocystis rex P000317
0/~ EP00327 Prymnesium parvum P046442
EP00303 Exanthemachrysis gayraliae P001316
EP00302 Diacronema sp CCMP2436 P000668
1 EP00202 Volvox carteri P010957
EP00198 Chlamydomonas reinhardtii P010304
Ppro GHP08139.1
EP00224 Ostreococcus tauri P007740
EP00231 Micromonas pusilla P0O01919
Pwic Icl|[MN794237.1 Q0OZ41741.1 28
Noli Icl[NC 008239.1 YP 665677.1 36
EP00232 Nephroselmis pyriformis P015158
EP00895 Klebsormidium nitens P016262
Mpol Icl[NC 037508.1 YP 009479719.1 43
Or Ntab Icl|[NC 006581.1 YP 173459.1 111
EP00260 Arabidopsis thaliana P048241

Pame Icl[NC 001823.1 prot NP 044780.1 36
%g mt Histiona aroides YP 007890539.1

10

10

789

mt Seculamonas ecuadoriensis YP 007890766.1
mt Jakoba bahamiensis YP 007890645.1
mt Jakoba libera YP 007890749.1
Andgo Icl|[NC 021124 1YP 007890470.1 6
00— mt Heterostelium pallidum YP 209607 .1
mt Cavenderia fasciculata YP 001876521.1
100 Ddis Icl[NC 000895.1 NP 050078.1 10
mt Dictyostelium intermedium YP 010191922.1

100 mt Dictyostelium citrinum YP 492635.1
9@-? Mver Icl|NC 008240.1 YP 665685.1 4

Pbra Icl|LS992577.1 SYZ47170.1 54
mt Polymyxa betae YP 010227894.1
mt Spongospora subterranea YP 009350058.1
Pbil Icl]NC 031832.1 YP 009317207.1 1
Hmar Icl|LC515367.1 BBQ05344.1 20
0gl0Qr Gthe Icl|MH844545.1 QBJ06322.1 30
mt Cryptomonas curvata YP 009476756.1
00y Hand Icl|[NC 010637.1 YP 001874767.1 11
Hand CAMPEP 0114142830
mt Chroomonas placoidea YP 009476610.1
mt Proteomonas sulcata YP 009476715.1
mt Teleaulax amphioxeia YP 009475790.1
mt Storeatula NC 037452.1 YP 009476652.1 16
Rsal IclINC 002572.1 NP 066466.1 13
Rsal EP00961 Rhodomonas salina P303062
Rsal EP00961 Rhodomonas salina P300971
EP00656 Telonema subtile P014128
TelT EP00656 Telonema subtile P014127
100 EPO00001 Collodictyon triciliatum P189743
8153_|0 [ EP00002 Diphylleia rotans P009454
EP00004 Rigifila ramosa P000759
g 3_|—_EP00162 Nutomonas longa P014212
EP00163 Fabomonas tropica P017857

—

9

! |_100; Lmar IclINC 045933.1 YP 009730058.1 14
969 Lmar Icl|NC 045933.1 YP 009730098.1 54

' EP00164 Ancoracysta twista P001632
EP00698 Gefionella okellyi P004851
Mcal Malawimonas californiana 09680.mRNA.1

Mjak EP0O0700 Malawimonas jakobiformis PO01045
EP00176 Chondrus crispus P009106
EP00177 Eucheuma denticulatum P006471
EP00872 Gracilariopsis chorda P001902

Ppur TRINITY DN34 c0 g1 i2.p1
Ppur TRINITY DN34 c0 g1 i3.p1
EP00185 Porphyridium purpureum P005410
EP00184 Porphyridium aerugineum P006103
EPO00179 Madagascaria erythrocladioides P012982
EP00167 Galdieria sulphuraria P006610
EP00189 Rhodosorus marinus P003330
EP00165 Cyanidioschyzon merolae P004645
EP00744 Colponema vietnamica P000286
EPO00357 Protocruzia adherens P002224
EP00347 Sterkiella histriomuscorum P004659
EP00334 Paramecium tetraurelia P024618
EP00333 Tetrahymena thermophila P016040
1007 EP01043 Picozoa sp COSAG02 P071764
e EP01046 Picozoa sp COSAG06 P000862
= EP01045 Picozoa sp COSAG04 P028376
— EPO00031 Thecamonas trahens P010443
)QEEPOO735 Rhodelphis limneticus P014296
EP00736 Rhodelphis marinus P002937
100, Apac CDS undefined product 64702451
99' Acat CAMPEP 0171174238
168 Acar EP00971 Amphidinium carterae P245828
Acar EP00971 Amphidinium carterae P347835
EP00439 Symbiodinium sp Y106 P039896
Acar EP00971 Amphidinium carterae P230475
Hema GEMP01011773.1.p1

=3

Perkma XP 002781625.1
EP00451 Oxyrrhis marina P010723
EP00390 Vitrella brassicaformis PO06685
Cvel 9763.t1-p1
Ccay XP 026192728.1
Eten XP 013227899.1
EP00379 Toxoplasma gondii P006985
EP00365 Plasmodium falciparum P002059
EP00384 Cryptosporidium muris P001057
Bmic XP 021337654.1
001 EP00375 Theileria parva P0O00927
Tann XP 955312.1
1 EP00125 Sphaeroforma arctica P012579
)0_| L EP01134 Creolimax fragrantissima P008192
EP00123 Amoebidium parasiticum P018059
100 EP00144 Saccharomyces cerevisiae P000269
100L— Dbru XP 041134654.1

100 EP00141 Yarrowia lipolytica P005313
10d/dor EP00135 Aspergillus nidulans P001522
EP00134 Neurospora crassa P010634
EP00145 Schizosaccharomyces pombe P003365
EP00152 Rhizopus delemar P016982
EP00150 Ustilago maydis P006149
EP00149 Cryptococcus neoformans P004359
EP00151 Rhizophagus irregularis P014535
DY00[— EP00154 Conidiobolus coronatus P004988
1|00, EP00129 Allomyces macrogynus P011453
Amac KNE58326.1 ATP synthase subunit alpha
EP00158 Paraphelidium tribonemae P003920
EP00130 Batrachochytrium dendrobatidis P004514
EP00157 Rozella allomycis P002390
EP00160 Parvularia atlantis P021914
EP00159 Fonticula alba PO00511
Nsim EP00160 Parvularia atlantis P021923
EP00128 Syssomonas multiformis P017632
EP00127 Corallochytrium limacisporum P005571
8 EP00126 Sphaerothecum destruens P002962
100 — Cowc XP 011270718.1 hypothetical protein CAOG 09030
00 EP00046 Monosiga brevicollis P007522
9 EP00045 Choanoeca perplexa P003399
EP00044 Salpingoeca rosetta P001811
EP00054 Salpingoeca dolichothecata P008381
EP00050 Salpingoeca kvevrii P005658
EP00042 Codosiga hollandica P036233
87 EP00040 Diaphanoeca grandis P017441
0~ EPO0090 Calanus glacialis P003207

EP00096 Caligus rogercresseyi P016063
EP00099 Drosophila melanogaster P026052
EP00103 Capitella teleta P021569

EPO00081 Caenorhabditis elegans P000376
EP00074 Homo sapiens P0O01095

o
©
~ Rl

EPO00076 Gallus gallus P005150
EP00067 Danio rerio P005031

— EP00058 Branchiostoma floridae P016110
EP00059 Ciona intestinalis P0O00119

EP00115 Mnemiopsis leidyi PO09057

— EP00114 Trichoplax sp H2 P009406

EP00118 Oscarella pearsei P024681
L

(o]
o7

EPO00057 Strongylocentrotus purpuratus P013823
EP00119 Amphimedon queenslandica P002647
Maro Icl|AP019310.1 BBH42912.1 10
Acas Icl[NC 001637.1 NP 042541.1 18
mt Balamuthia mandrillaris YP 009163133.1
mt Paramoeba pemaquidensis YP 009308415.1
Croe Icl[VLTN01000170.1 KAA0145458.1 32
mt Cafileria marina YP 009688848.1
Bnat Icl|HQ840955.1 ADV41823.1 23
Pmar Icl[NC 026310.1 YP 009118077.1 25
100 mt Vischeria stellata YP 009579084.1
10 mt Trachydiscus minutus YP 009237649.1
mt Nannochloropsis gaditana YP 007317109.1
mt Microchloropsis salina YP 008519355.1
|I— Candidatus Pelagibacter ubique WP 006997678.1
100 bacterial FOF1 ATP synthase subunit alpha (2)
1001 spotted fever group WP 010977802.1 MULTISPECIES
Rickettsia prowazekii WP 014411762.1
Orientia tsutsugamushi WP 012461551.1
Mvir EP00899 Mesostigma viride PO17001
Candidatus Midichloria mitochondrii WP 013951589.1
Neorickettsia sennetsu WP 0114515371
Wolbachia WP 010962741.1 MULTISPECIES
Ehrlichia chaffeensis WP 006010102.1
Anaplasma centrale WP 012880376.1
-3-— bacterial FOF1 ATP synthase subunit alpha (2)
i« bacterial FOF1 ATP synthase subunit alpha (6)
T— Micavibrio aeruginosavorus WP 014102231.1
28] bacterial FOF1 ATP synthase subunit alpha (2)
Kiloniella laminariae WP 020593013.1
i bacterial FOF1 ATP synthase subunit alpha (3)
4 bacterial FOF1 ATP synthase subunit alpha (5)
1C(< bacterial FOF1 ATP synthase subunit alpha (7)
—— Magnetococcus marinus WP 011715001.1
9¢5 Myxococcus WP 026114085.1 MULTISPECIES

( Syntrophobacter fumaroxidans WP 011699430.1
Desulfatibacillum alkenivorans WP 073474962.1

Hippea maritima WP 013682001.1
QJ%T‘_'_E— Vver Icl|NC 013986.1 YP 003540812.1 1
Nautilia profundicola WP 015902281.1
Wolinella succinogenes WP 041571706.1

bacterial FOF1 ATP synthase subunit alpha (33)

89

e —— bacterial FOF1 ATP synthase subunit alpha (2)
Sphaerobacter thermophilus WP 012871905.1

-1 bacterial FOF1 ATP synthase subunit alpha (4)

—— bacterial FOF1 ATP synthase subunit alpha (3)
bacterial FOF1 ATP synthase subunit alpha (8)
il bacterial FOF1 ATP synthase subunit alpha (8)

Acat CAMPEP 0171163222

08— Anabaena cylindrica WP 015213887.1
C9 Crinalium epipsammum WP 015202942.1
08 ﬁg Stanieria cyanosphaera WP 015194398.1

Acaryochloris marina WP 012161508.1

Tpse XP 002297546.1

Rsal EP00961 Rhodomonas salina P241442
Gsul XP 005705038.1

Ctob CDS undefined

Hand CAMPEP 0171997292

Rsal EP00961 Rhodomonas salina P145576
001 Ntab NP 054481.2

Mpol PTQ26245.1

Egra Gene.43748

Mvir EP00899 Mesostigma viride PO00955
Mvir EP00899 Mesostigma viride P017039
Mvir EP00899 Mesostigma viride P021653
Mvir EP00899 Mesostigma viride P015183
Mvir EP00899 Mesostigma viride PO00951
— Deferribacter desulfuricans WP 013008585.1

100

Pmar Icl|NC 026310.1 YP 009118059.1 7

7 el bcterial FOF1 ATP synthase subunit alpha (7)
1001 Ngru Icl[NC 002573.1 NP 066500.1 3
1 Nfow Icl|[NC 021104.1 YP 007890021.1 3
100 mt Pleurostomum flabellatum YP 010049255.1
D9—— Akon Icl|NC 026286.1 YP 009117126.1 15
100 mt Stachyamoeba lipophora YP 0091181191

100 Pkir IclINC 034798.1 YP 009370807.1 1
HBB2 Icl|AQL10468.1

92 1 EP00668 Euglena longa P011179

99

Egra Gene.31842
EP01006 Ploeotia vitrea P025678

100 Dpap DIPPA 18956.mRNA.1
100/ Dpap DIPPA 04057.mRNA.1
1001l ppap DIPPA 03046.mRNA. 1
EP00754 Rhynchopus humris P020734
EP00756 Hemistasia phaeocysticola P032228
EP00672 Neobodo designis P021660
0 TelT EP00656 Telonema subtile P014124
Atwi GFYU01009093.1.p2
Cvie GILI01001419.1.p1
EP00671 Bodo saltans P014526
Cvie GILI01003708.1.p1

EP00681 Trypanosoma brucei P004057
EP00674 Leishmania major P0O06551

100

L] Tglo Icl|NC 023545.1 YP 009004119.1 17

mt Paulinella micropora YP 009709953.1
100 Crei XP 042919829.1

! Crei XP 042919828.1

MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P011610 g11610.t1
Ainv XP 008866760.1

95
| 94|

Bmot EP00823 Brevimastigomonas motovehiculus P002357

Cvie GILI01011830.1.p1

100

0.50

Bmot CDS undefined product 11330820

bacterial flagellar protein export ATPase Flil (16)

Protein: atpl; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.yeast+R10



100,
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98 EP00076 Gallus gallus P004236
100- Hsap NP 001001973.1
98 L EP00067 Danio rerio P010898
EPO00059 Ciona intestinalis P012233
9 EPO00110 Nematostella vectensis P021593
EP00115 Mnemiopsis leidyi P008270
EP00119 Amphimedon queenslandica PO01360
EP00118 Oscarella pearsei P017648
9 EP00114 Trichoplax sp H2 P011319
9 EPO00058 Branchiostoma floridae P011844
EPO00057 Strongylocentrotus purpuratus P031339
0 EP00103 Capitella teleta P016147
EPO00081 Caenorhabditis elegans P019423
EP00099 Drosophila melanogaster P015695
EPO00090 Calanus glacialis P016804
EPO00096 Caligus rogercresseyi P003006
EP00126 Sphaerothecum destruens P015249
EP00120 Capsaspora owczarzaki P003735
EPO00054 Salpingoeca dolichothecata P037122
EP00042 Codosiga hollandica P033317
EPO00050 Salpingoeca kvevrii P022412
EP00040 Diaphanoeca grandis P038290
EP00044 Salpingoeca rosetta P008644
EP00046 Monosiga brevicollis PO06596
EP00045 Choanoeca perplexa P018522
1Q )L— EP00127 Corallochytrium limacisporum P004082
EP00128 Syssomonas multiformis P013173

—_

—
ﬁﬁb
o

—
S

o EP00123 Amoebidium parasiticum P012993
- ‘OI‘;[ EP00124 Ichthyophonus hoferi P004438

>h

9

1 EP00125 Sphaeroforma arctica P017612
EP01134 Creolimax fragrantissima P004292
110 EP00160 Parvularia atlantis P012492
EP00159 Fonticula alba P002912
0 EP00157 Rozella allomycis P004658
EP00158 Paraphelidium tribonemae P002544
EP00130 Batrachochytrium dendrobatidis PO06666
10 %11 0; EP00129 Allomyces macrogynus P003594
Amac KNE73420.1 ATP synthase F1
|17:EP00152 Rhizopus delemar P000423

EP00151 Rhizophagus irregularis P0O16369
EP00154 Conidiobolus coronatus P010036

1005 Atwi GFYU01024315.1.p1

1001 L Atwi GFYU01047949.1.p1

EP00150 Ustilago maydis P002176

EP00149 Cryptococcus neoformans P004035
EP00135 Aspergillus nidulans P000252
EP00134 Neurospora crassa P005333
EP00145 Schizosaccharomyces pombe P003828
EP00141 Yarrowia lipolytica P005301

EP00144 Saccharomyces cerevisiae P000396
Dbru XP 041137838.1

— EP00031 Thecamonas trahens P001873

—— EP00003 Mantamonas plastica P026357

d
71177

1 )QE EP00162 Nutomonas longa P006070

EP00161 Ancyromonas sigmoides P023317

83— Nqua Colp41 TRINITY DN14121 c0 g1
—— EPO00164 Ancoracysta twista P002011
? 0— EP00002 Diphylleia rotans P039888

EP00004 Rigifila ramosa P006751
EP00698 Gefionella okellyi P020703
Mcal Malawimonas californiana 00527.mRNA.1
Mjak EP00700 Malawimonas jakobiformis PO00689

100} Mjak EP0O0700 Malawimonas jakobiformis P003626

91 Mjak EP00700 Malawimonas jakobiformis P002758
Mjak EP00700 Malawimonas jakobiformis P0O03190
Mjak EP00700 Malawimonas jakobiformis PO00030
00 EP00006 Acanthamoeba castellanii P011954

g EP00005 Dracoamoeba jomungandri P002742

100 Ppur TRINITY DN8349 c0 g2 i1.p2
Ppur TRINITY DN8349 c0 g1 i2.p2
EP00274 Cyanoptyche gloeocystis P008224

T Gnos EC120531.1.p1

00O

EP00741 Cyanophora paradoxa P006813

9br EP00276 Gloeochaete wittrockiana P0O06678
Nova CDS undefined product 69379454
Ntab XP 016442589.1

4 Ntab XP 016435880.1

194 Ntab XP 016467704.1

9 I' Ntab XP 016505863.1

I- EP00260 Arabidopsis thaliana P027233
EP00258 Populus trichocarpa P016216
EP00254 Amborella trichopoda P012247
EP00269 Selaginella moellendorffii P000505

Mpol PTQ36582.1

EP00245 Coleochaete scutata P014720
EP00895 Klebsormidium nitens PO09009
Mvir EP00899 Mesostigma viride P018159
EP00203 Chlorella variabilis PO03096
EP00202 Volvox carteri P009967

Crei XP 042916387.1
EP00232 Nephroselmis pyriformis P002628
Ppro GHP07877.1
EP00224 Ostreococcus tauri P004518
EP00231 Micromonas pusilla P001251
EP00303 Exanthemachrysis gayraliae PO07861
EP00302 Diacronema sp CCMP2436 P024898
EP00327 Prymnesium parvum P020031
EP00320 Phaeocystis rex P003820
Ctob KO0O35396.1
Ehux XP 005780632.1
| Ehux XP 005793383.1
EP00314 Emiliania huxleyi P028488
EP00315 Gephyrocapsa oceanica P020301
EP00279 Guillardia theta P011454
EP00290 Baffinella frigidus P011295
99|~ EP00277 Geminigera cryophila P007535
Hgl0 EP00291 Cryptomonas curvata P019922
I Hand CAMPEP 0172071642
8r— EP00294 Goniomonas avonlea P008881
EP00295 Goniomonas pacifica P015168
00 Pbil CAMPEP 0113882256
EP00297 Palpitomonas bilix P012862
Pbil CAMPEP 0113888568
1QQ| EP00455 Lapot gusevi P004178
Cvie GILI01036448.1.p1
100— EP00334 Paramecium tetraurelia P004428
100 EP00333 Tetrahymena thermophila P002830

8

91

Mool 0 EP00347 Sterkiella histriomuscorum P011123

EP00357 Protocruzia adherens P003306
EP00744 Colponema viethamica P000414
100y EPO0375 Theileria parva P003047

100[1 Tann XP 954517.1

10 Bmic XP 021338027.1

EP00365 Plasmodium falciparum P002191

EP00379 Toxoplasma gondii P002213

Ccay XP 022592009.2

Eten XP 013236281.1

EP00390 Vitrella brassicaformis P011682

EP00384 Cryptosporidium muris P001286

Cvel 10158.t1-p1

10Q Perkma XP 002779894 .1

100 perkma XP 002765403.1

900 perkma XP 002765402.1

EP00454 Perkinsus marinus P013407

Hema GEMP01070738.1.p1

EP00451 Oxyrrhis marina P049326

EP00439 Symbiodinium sp Y106 P077990

Acat CAMPEP 0171277938

Acat CAMPEP 0171184040

Acat CAMPEP 0171203244

Acat CAMPEP 0171273408

10

98

Taur CDS undefined product 30710409

82

EP00029 Vermamoeba vermiformis P010750
EP01126 Amoeba proteus P015709
EP00023 Dictyostelium discoideum P001394
EP00179 Madagascaria erythrocladioides P029743
EP00808 Paulinella micropora P018139
EP00457 Paulinella chromatophora PO09670
EP00466 Bigelowiella natans P021430
EP00473 Plasmodiophora brassicae PO00660
EP00475 Leptophrys vorax P038273
EP00823 Brevimastigomonas motovehiculus P000961
Pmar EW705625.1.p1

I'L_ EP00480 Reticulomyxa filosa P013455
1001 EP01083 Nonionella stella P052056

Rfil ETO10552.1
EP00656 Telonema subtile P023620
00— EP00500 Bicosoecida sp ms1 P011440

EP00749 Cafeteria burkhardae P006384
EPO01138 Halocafeteria seosinensis PO08883

00— EP00513 Hondaea fermentalgiana P002042
EP00511 Aplanochytrium stocchinoi PO00820
EP00499 Haloplacidia sp CaronLablsolate P010648
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P005222 g5222.11
0 EP00530 Phaeodactylum tricornutum P002014
Tpse XP 002290514.1
EP00638 Chattonella subsalsa P010871
EP00609 Ectocarpus siliculosus P001836
EP00625 Aureococcus anophagefferens P005668
EP00654 Saprolegnia diclina P004649
Ainv XP 008875275.1
EP00648 Phytopythium vexans P007446
EP00645 Phytophthora infestans P004409
EP00649 Plasmopara halstedii PO06987

10 EP00735 Rhodelphis limneticus PO08719

EP00736 Rhodelphis marinus P008240
1001 EP01043 Picozoa sp COSAG02 P109529
EP01046 Picozoa sp COSAG06 P000541

1(

M

EP00301 Raphidiophrys heterophryoidea P0O17913
EP00165 Cyanidioschyzon merolae PO01935
EP00167 Galdieria sulphuraria P005644
EP00189 Rhodosorus marinus P004406
EP00185 Porphyridium purpureum P001927
EP00184 Porphyridium aerugineum P008347
Ppur TRINITY DN1474 c0 g1 i2.p2
EPO00872 Gracilariopsis chorda P007334
EP00176 Chondrus crispus P003617
EP00177 Eucheuma denticulatum P006293
1001 Pame Icl|[NC 001823.1 NP 044779.1 35
mt Histiona aroides YP 007890540.1

’ )96 mt Seculamonas ecuadoriensis YP 007890765.1
ob mt Jakoba libera YP 007890751.1
mt Jakoba bahamiensis YP 007890646.1

o

Andgo Icl[NC 021124.1 YP 007890471.1 7

Tglo Icl[NC 023545.1 prot YP 009004120.1 18

Ngru Icl]NC 002573.1 NP 066513.1 16

Nfow IclNC 021104.1 YP 007890034.1 16

mt Pleurostomum flabellatum YP 010049276.1

8(

Akon Icl|NC 026286.1 YP 009117142.1 31
mt Stachyamoeba lipophora YP 009118140.1
Pkir Icl|NC 034798.1 prot YP 009370808.1 2
HBB2 Icl|AQL10430.1
1 EP00668 Euglena longa P048187
Egra Gene.86588
EP01006 Ploectia vitrea P0O66989
EP00672 Neobodo designis P022410

9 EP00754 Rhynchopus humris P036361
75100/ Dpap DIPPA 19982.mRNA.1
0 EP00755 Sulcionema specki P028346
EP00756 Hemistasia phaeocysticola P023831
TelT EP00656 Telonema subtile P024906
Cvie GILI01007343.1.p1
EP00671 Bodo saltans P004845
10 EP00674 Leishmania major P002366
10| EP00682 Trypanosoma cruzi P005688

[
©
a1

Tbru Tb927.10.180

0r Rickettsia prowazekii WP 004596901.1

Rickettsia conorii WP 010977801.1

Mvir EP00899 Mesostigma viride P017001
Orientia tsutsugamushi WP 012461552.1
Candidatus Midichloria mitochondrii WP 013951588.1
Neorickettsia sennetsu WP 011451974 .1
Anaplasma centrale WP 012880722.1

Ehrlichia chaffeensis WP 006010713.1

Wolbachia WP 010081973.1 MULTISPECIES

99—{ bacterial ATP synthase F1 subunit gamma (7)

— Myxococcus WP 011556845.1 MULTISPECIES
Rsal CDS undefined product 4606992
Rsal EP00961 Rhodomonas salina P057828
80 Hand CAMPEP 0114124018

Hand CAMPEP 0172020542
Gthe XP 005838928.1
Ehux XP 005761783.1
Ctob KO0O25060.1
Cmer XP 005538041.1
Ppur TRINITY DN18279 c0 g1 i1.p2
Gsul XP 005707722.1
Ppur TRINITY DN12519 c0 g1 i1.p4
Ppur TRINITY DN1351 ¢0 g1 i1.p1
Ppur TRINITY DN11840 c0 g1i1.p3
100 Vbra 19020.t1-p1
Cvel 189.11-p1
Ptri XP 002180505.1

Tpse XP 002289138.1
100 Egra Gene.55522
Egra Gene.49071
187 Stanieria cyanosphaera WP 0151943971
| - Acaryochloris WP 010468100.1 MULTISPECIES
O Anabaena cylindrica WP 015213888.1
Crinalium epipsammum WP 015202943.1

©

Cpar tig00020610 g12068.t1

Cpar tig00020614 g12226.t1

Gnos EC121322.1.p1

Gnos EC124745.1.p1

Crei XP 001696335.1

Ppro GHP09889

Bnat EP00466 Bigelowiella natans P005670
0; Mvir EPO0899 Mesostigma viride P012477
Mvir EP00899 Mesostigma viride P012488
Mpol PTQ27329.1

0 Ntab XP 016499440.1

Ntab XP 016470108.1

Acar JAAMXWO010841076.1 1

Acar EP00971 Amphidinium carterae P108677
Acat CAMPEP 0171169644

Acat CAMPEP 0171237194

Acat CAMPEP 0171188796

Acat CAMPEP 0171258748

Acat CAMPEP 0171236636

Bnat EP00466 Bigelowiella natans P003060
Vbra 22437 .t1-p1

Cvel 17578.11-p1

Acaryochloris marina WP 012167715.1

9(

—

Chlorobaculum parvum WP 012502313.1
100 Rhodospirillum centenum WP 012565605.1
A Gluconobacter oxydans WP 041112339.1

_10‘Q|: Legionella pneumophila WP 010946782.1
Methylomicrobium lacus WP 024296720.1

bacterial ATP synthase F1 subunit gamma (57)

bacterial ATP synthase F1 subunit gamma (30)

0.50

Pwic CDS undefined product 10153714

498|7 Taur CDS undefined product 28202051
Pwic CDS undefined product 12580720

Protein: atp3; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+R9



100 EP00090 Calanus glacialis P028309
91 EP00096 Caligus rogercresseyi P007930
EP00103 Capitella teleta P031879
EP00058 Branchiostoma floridae P008352
EPO00059 Ciona intestinalis PO07274
EP00074 Homo sapiens P031498
EP00067 Danio rerio PO01373
EP00076 Gallus gallus P047483
EPO00057 Strongylocentrotus purpuratus P031544
EP00099 Drosophila melanogaster P015198

EP00110 Nematostella vectensis P018399
S EPO00081 Caenorhabditis elegans P025566

EP00119 Amphimedon queenslandica P004188
EP00118 Oscarella pearsei P024649
— EP00114 Trichoplax sp H2 P007979
EPO00115 Mnemiopsis leidyi P012261
EP00040 Diaphanoeca grandis P038240
00— EP00046 Monosiga brevicollis P008112
0 EPO00045 Choanoeca perplexa P022282
84l 7 EP00044 Salpingoeca rosetta P003235
EPO00050 Salpingoeca kvevrii P012672
93 7 EP00054 Salpingoeca dolichothecata P015512
EP00042 Codosiga hollandica P024461
—— EP00126 Sphaerothecum destruens P005620
. EP00127 Corallochytrium limacisporum P006125
P00128 Syssomonas multiformis P003175

EP00120 Capsaspora owczarzaki P008515
Falb EP00159 Fonticula alba P002211 XP 009494327 .1
EP00160 Parvularia atlantis P004368
EP00157 Rozella allomycis PO00717
EP00159 Fonticula alba P006279

EP00158 Paraphelidium tribonemae P002260

EP00144 Saccharomyces cerevisiae P005375
Dbru XP 041139702.1
EP00141 Yarrowia lipolytica PO06013
EP00135 Aspergillus nidulans P001533
EP00134 Neurospora crassa P009535
EP00145 Schizosaccharomyces pombe P004913
EP00150 Ustilago maydis P006160
EP00149 Cryptococcus neoformans P006481
EP00151 Rhizophagus irregularis P011377
84400, EP00129 Allomyces macrogynus P017687
Amac KNE58821.1
EP00130 Batrachochytrium dendrobatidis PO07879
EP00152 Rhizopus delemar P012234
EP00154 Conidiobolus coronatus P009614
98 EP00124 Ichthyophonus hoferi P005894

EP00123 Amoebidium parasiticum P001220

EP00125 Sphaeroforma arctica P013941
4 EP01134 Creolimax fragrantissima P005217
100] Crei CDS undefined product 8980449

10 EP00202 Volvox carteri P009243
76 EP00198 Chlamydomonas reinhardtii P012541
EP00475 Leptophrys vorax P013929

99 EP00466 Bigelowiella natans P021463
97 EPO00455 Lapot gusevi P016543
8 EP00462 Mataza sp D1 P018615
20} EP00473 Plasmodiophora brassicae P000855
ﬂ: EP00749 Cafeteria burkhardae P001375
EPO00500 Bicosoecida sp ms1 P001074
78 100; EP01045 Picozoa sp COSAG04 P039945
'EP01046 Picozoa sp COSAG06 P075992
— MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P004501 g4501.11
7 100- EP00643 Hyaloperonospora arabidopsidis P013208
100/l EPO0645 Phytophthora infestans P014010
9L EP00649 Plasmopara halstedii P010572
8T EP00648 Phytopythium vexans PO03983
T 1 EP00654 Saprolegnia diclina P004289
Ainv XP 008870953.1
100— EPO00735 Rhodelphis limneticus P011276
B —— EP00736 Rhodelphis marinus P009422
EP00513 Hondaea fermentalgiana P011160
Taur CDS undefined product 9384036
EP00499 Haloplacidia sp CaronLablsolate P001695
EP00511 Aplanochytrium stocchinoi P000347
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P005701 g5701.t1
EP00609 Ectocarpus siliculosus P005962
EP00638 Chattonella subsalsa P020688
Ppur TRINITY DN12073 c0 g1 i1.p1
EP00530 Phaeodactylum tricornutum P009888
Tpse XP 002293763.1
100; Cmer IclINC 000887.3 NP 059355.1 7
_|81 l Cyanidioschyzon merolae BBU60038.1
Cpar IclINC 017836.1 YP 006280843.1 26
100~ EP00808 Paulinella micropora P012784
L— EP00457 Paulinella chromatophora P010789
Hmar Icl|LC515367.1 BBQ05354.1 30
1H Galdieria sulphuraria Icl|YP 009051215.1
Goniomonas avonlea BBF98324.1
EP00681 Trypanosoma brucei P001388
EP00682 Trypanosoma cruzi P015153
EP00671 Bodo saltans P018105
EP00672 Neobodo designis P020953
EP00674 Leishmania major P005712
79 — EPO00756 Hemistasia phaeocysticola P014739

81 A{ Lmar Icl|YP 009730096.1
Lmar Icl|YP 009730054.1
9

98

Ppro Icl|NC 013935.1 YP 003495132.1 8
EP00744 Colponema vietnamica P000457
EPO00357 Protocruzia adherens P022493
99 EP00347 Sterkiella histriomuscorum P013416
100 EP00334 Paramecium tetraurelia P026270
EPO00333 Tetrahymena thermophila P007064
9% MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P0O08083 g8083.t1
EP00384 Cryptosporidium muris P003495
100 EP00365 Plasmodium falciparum P000575
Bmic XP 012650383.1
EP00375 Theileria parva P003811
Tann XP 953796.1
EP00379 Toxoplasma gondii P002193
Eten XP 013232270.1
Ccay XP 026193572.1
100 Cvel 13170.t1-p1
100 EP00390 Vitrella brassicaformis P011496
hoo— EP00454 Perkinsus marinus P023237
od Hema GEMP01021496.1.p1
9 EP00451 Oxyrrhis marina P001455
EP00439 Symbiodinium sp Y106 P063266
1001 Acat CAMPEP 0171172146
9% Acat CAMPEP 0171192130
Acar EP00971 Amphidinium carterae P120007

79 Drot Icl|NC 029886.1 YP 009245596.1 27
iﬂ: Cyanoptyche gloeocystis YP 009092471.1
3—|j Pbil Icl]NC 031832.1 prot YP 009317233.1 27

Nqua atp4 Icl
100 Pame Icl[NC 001823.1 NP 044805.1 61
mt Histiona aroides YP 007890601.1
mt Seculamonas ecuadoriensis YP 007890774 .1
mt Jakoba libera YP 007890688.1
mt Jakoba bahamiensis YP 007890621.1
_80 Andgo Icl[INC 021124.1 YP 007890467.1 3
Atwi Icl|[NC 036491.1 YP 009446447.1 31
TelT atp4 Icl
1001 Rsal Icl]NC 002572.1 NP 066455.1 2
— L mt Storeatula NC 037452.1 YP 009476679.1 43
98 _&Qr_Hand IclINC 010637.1 Y_P 001874763.1 7
mt Chroomonas placoidea YP 009476594 .1
| mt Teleaulax amphioxeia YP 009475764 .1
| 8 mt Proteomonas sulcata YP 009476688.1
1 Gthe Icl|[MH844545.1 QBJ06293.1 5
Cryptomonas curvata YP 009476730.1
94r Ntab Icl|NC 006581.1 YP 173388.1 39
EP00260 Arabidopsis thaliana P048265
Amborella trichopoda AHA47106.1
Mpol Icl|NC 037508.1 YP 009479731.1 55
97 Coleochaete scutata YP 009710027.1
EP00895 Klebsormidium nitens P016251
99 EP00224 Ostreococcus tauri P007746
Chlorella variabilis YP 009094937 .1
91 L—— Noli Icl[NC 008239.1 YP 665669.1 28
SQ:Pwic IcIMN794237.1 Q0Z41728.1 15
Micromonas pusilla_CCMP1545_AC050726.1

85— Vver Icl|NC 013986.1 YP 003540831.1 20
mt Imasa heleensis YP 010165728.1
100—— Ttra Icl|NC 026452.1 YP 009121406.1 33
a2| %! Mver Icl[NC 008240.1 YP 665694.1 13
4 [ 1100 Gnos IclINC 015117.1 YP 004222748.1 20
1 Gloeochaete wittrockiana YP 009092430.1
Acas Icl[NC 001637.1 NP 042558.1 35
a4 9 mt Dictyostelium intermedium YP 010191926.1
. ﬂﬁ: mt Dictyostelium citrinum YP 003579817.1
98 Ddis Icl|[NC 000895.1 YP 001604088.1 13

100|: mt Cavenderia fasciculata YP 001876531.1
mt Heterostelium pallidum YP 209574 .1

8 100; Ctob Icl|KJ201908.1 AHY04429.1 18
J-0-0-| mt Chrysochromulina parva YP 009459321.1
92 mt Phaeocystis globosa YP 010230023.1

98 Tglo Icl|NC 023545.1 YP 009004142.1 40
1 Diacronema lutheri ADW83087.1
mt Diacronema viridis YP 010127217.1

Mijak Icl[INC 002553.1 NP 066339.1 33
Mcal Icl[INC 026311.1 YP 009118096.1 19
mt Paravannella minima YP 009557802.1

Ppur Icl[NC 002007.1 NP 049310.1 17
— Gracilariopsis chorda YP 008994185.1

a1 Chondrus crispus NP 062485.1
—Eg I: Eucheuma denticulatum YP 009445925.1
100— Ehux Icl|[JN022704.1 AEI29466.1 12
mt Isochrysis galbana NC 066487.1 YP 010486774.1 5

Egra Gene.97818

Maro Icl|AP019310.1 BBH42937.1 36
AE Bmot CDS undefined product 3115487
Tthe XP 001018983.1

EP00755 Sulcionema specki P004681
Dyadobacter fermentans WP 015810615.1
Wolbachia WP 010962585.1 MULTISPECIES
Candidatus Paracaedibacter symbiosus WP 032112899.1
Candidatus Odyssella thessalonicensis WP 0103002871
Candidatus Midichloria mitochondrii WP 013950623.1

100 spotted fever group WP 010976712.1 MULTISPECIES
_|99 | Rickettsia prowazekii WP 004596675.1

Orientia tsutsugamushi WP 012461068.1

bacterial FOF1 ATP synthase subunit B (26)

ﬂ_ bacterial FOF1 ATP synthase subunit B (5)

10Q Acat CAMPEP 0171261608
100} Acat CAMPEP 0171179372
8B 9811 Acat CAMPEP 0171172048
93| Acat CAMPEP 0171179714
Acat CAMPEP 0171232566
Acat CAMPEP 0171277942
Acat CAMPEP 0171170916
Tpse XP 002297548.1
Stanieria cyanosphaera WP 015194400.1
Crinalium epipsammum WP 015202940.1
Anabaena cylindrica WP 015213885.1
Acaryochloris marina WP 012161506.1
Ntab NP 054482.2

100/

9%C @l bacterial FOF1 ATP synthase subunit B (84)

F—  Protein: atp4; alighment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+F+R6
0.50



1 EPO00067 Danio rerio P011076
99-T&E EP00076 Gallus gallus P049666
100 Hsap IclNC 012920.1 YP 003024031.1 6
Branchiostoma floridae NP 007760.1
100 Caligus rogercresseyi ADM67892.1
%OOOQQ Drosophila melanogaster P030485
100 Calanus glacialis ATN95392.1
88 EPO00057 Strongylocentrotus purpuratus P000210
EPO00059 Ciona intestinalis P021085
Sphaerothecum destruens YP 009734663.1
Amoebidium parasiticum AAN04079.1
4 Mbre Icl[NC 004309.1 prot NP 696967.1 4
90| 99 EP00119 Amphimedon queenslandica P024110

EP00115 Mnemiopsis leidyi P011622
Oscarella pearsei YP 0094319241

76

fa'al

Cowc Icl|[KC573038.1 AGE93597.1 31
9 mt Ministeria vibrans YP 007476209.1
95| 6 Pmar Icl|NC 026310.1 YP 009118061.1 9
99 EP00081 Caenorhabditis elegans P012064
_|J_09_| Rozella allomycis YP 008144604.1

Paulinella micropora YP 009709967.1
Pbil IclINC 031832.1 YP 009317253.1 47
Vver IclINC 013986.1 YP 003540835.1 24
Nsim Icl|[NC 020369.1 YP 007476166.1 21
Nsim EP00160 Parvularia atlantis P0O07447
Amac Icl|[NC 001715.1 NP 043730.1 7
EP00149 Cryptococcus neoformans P007822
Ustilago maydis YP 762686.1
Mpol PTQ26478.1
EP00154 Conidiobolus coronatus P001109
Rhizophagus irregularis YP 003875542.1
EP00135 Aspergillus nidulans P009547
EP00134 Neurospora crassa P010809
EP00145 Schizosaccharomyces pombe P000578
EP00141 Yarrowia lipolytica PO0O0011
Scer Icl|[NC 001224.1 NP 009313.1 9
Dbru Icl[NC 013147.1 YP 003127076.1 14
Cvie Icl|MG202006.1 ATY40858.1 17
1001 EP00202 Volvox carteri P011053
L EP00198 Chlamydomonas reinhardtii P000157

Ppro Icl|NC 013935.1 YP 003495134.1 10
Prasinoderma coloniale YP 008999868.1
EP00224 Ostreococcus tauri P007753
Micromonas pusilla_CCMP1545_AC050728.1
Noli Icl|[NC 008239.1 YP 665678.1 37
Pwic Icl|MN794237.1 Q0Z41736.1 23
Chlorella variabilis YP 0090949171
Mver Icl|[NC 008240.1 YP 665686.1 5
EP00895 Klebsormidium nitens P016257
Coleochaete scutata YP 009710033.1
Selaginella moellendorffii AEA29880.1
Mpol Icl|NC 037508.1 YP 009479683.1 7
10 EP00260 Arabidopsis thaliana P048256

10qr Amborella trichopoda AHA47100.1

100; Ntab Icl[NC 006581.1 YP 173362.1 12
Ntab XP 016444271.1

Hand IclINC 010637.1 YP 001874775.1 19
mt Chroomonas placoidea YP 009476619.1
Gthe Icl|MH844545.1 prot QBJ06299.1 23
Cryptomonas curvata YP 009476748.1
Rsal Icl[NC 002572.1 NP 066477.1 24
mt Storeatula NC 037452.1 YP 009476661.1 25
mt Teleaulax amphioxeia YP 009475782.1
mt Proteomonas sulcata YP 009476723.1
TelT atp6 Icl
Hmar Icl|LC515367.1 BBQ05343.1 19
Goniomonas avonlea BBF98323.1
Ttra Icl|NC 026452.1 YP 009121402.1 29
Andgo Icl[NC 021124.1 YP 007890509.1 45
001~ Pame Icl[NC 001823.1 prot NP 044804.1 60
mt Histiona aroides YP 007890600.1
mt Jakoba libera YP 007890689.1
mt Seculamonas ecuadoriensis YP 007890773.1
mt Jakoba bahamiensis YP 007890620.1
— Lmar Icl|[NC 045933.1 YP 009730082.1 38
) Atwi Icl|NC 036491.1 YP 009446417.1 1
Nqua atp6 Icl
Tglo IclINC 023545.1 YP 009004130.1 28

100r Chondrus crispus NP 062499.1

1001 Eucheuma denticulatum YP 009445911.1
97 Gracilariopsis chorda YP 008994200.1
8 Ppur Icl[NC 002007.1 prot NP 049309.1 16
Gsul Icl|NC 024666.1 YP 009051200.1 3
Cmer Icl|[NC 000887.3 NP 059364.1 16
Porphyridium aerugineum UBY46079.1
Porphyridium purpureum UBY46118.1

100; Ctob Icl|KJ201908.1 AHY04430.1 19
831" Tmt Chrysochromulina parva YP 009459322.1
100 mt Phaeocystis globosa YP 010230010.1

o)
<

1

100 Ehux Icl[JN022704.1 AEI29467.1 13
mt Isochrysis galbana NC 066487.1 YP 010486776.1 7
Maro Icl|AP019310.1 BBH42929.1 27

95 mt Polymyxa betae YP 010227889.1
mt Spongospora subterranea YP 009350052.1
Pbra Icl|LS992577.1 SYZ47127.1 11

Bnat Icl|[HQ840955.1 ADV41830.1 30

00— Mjak Icl|[NC 002553.1 NP 066326.1 20
8| — Mcal Icl|[NC 026311.1 YP 009118106.1 29
9 Gefionella okellyi AJF36671.1

mt Imasa heleensis YP 010165726.1
Drot Icl|NC 029886.1 YP 009245580.1 11
1001 Diacronema lutheri ADW83094.1
mt Diacronema viridis YP 010127224.1
Gnos IclINC 015117.1 YP 004222760.1 32
10 Gloeochaete wittrockiana YP 009092450.1
Cyanoptyche gloeocystis YP 009092480.1
1007 Cpar Icl[NC 017836.1 YP 006280845.1 28
ﬁ?ﬂg mt Cyanophora biloba YP 010041706.1
mt Cyanophora sudae YP 010041753.1

100 EP01045 Picozoa sp COSAG04 P029536
1001 EP01046 Picozoa sp COSAG06 P064600
100} L EP01043 Picozoa sp COSAG02 P005086

Pico Icl|MG202007.1 ATY40887.1 22
100[ Tbru sp Icl|P24499.1|ATP6 TRYBB
100

Trypanosoma cruzi AAA81668.1
94/ TelT EP00656 Telonema subtile P011841
92 Aper Icl|KF651061.1 AHA41649.1 13
o7/l 99 Pkir Icl|NC 034798.1 YP 009370839.1 33
98 HBB2 Icl|AQL10476.1
100 mt Stachyamoeba lipophora YP 009118163.1

0 Ngru Icl[NC 002573.1 NP 066534.1 37
Nfow Icl[NC 021104.1 YP 007890055.1 37
Acas Icl[NC 001637.1 NP 042562.1 39
Candidatus Paracaedibacter symbiosus WP 198027376.1
mt Balamuthia mandrillaris YP 009163126.1
mt Paramoeba pemaquidensis YP 009308403.1
mt Paravannella minima YP 009557806.1
99 Dpap Icl|APQ44780.1
100 Rhynchopus humris QHQ98668.1
Sulcionema specki QHQ98698.1

_9_8_|i Falb Icl|NW 009243184.1 prot XP 009498422.1 3
Pmir Icl|NC 000892.1 NP 050058.1 3
96— mt Cavenderia fasciculata YP 001876536.1
mt Heterostelium pallidum YP 209578.1
[ Mt Dictyostelium intermedium YP 010191893.1

Ddis IclINC 000895.1 NP 050086.1 20
mt Dictyostelium citrinum YP 492626.1
Croe Icl|[VLTNO1000170.1 KAA0145459.1 33
mt Cafileria marina YP 009688849.1
MASTS3i atp6 Icl
Taur Icl|AF288091.2 AAG23663.1 8
MAST4A atp6 Icl
Cmar Icl|NC 013837.1 YP 003434240.1 33
mt Heterosigma akashiwo YP 005090318.1

Ectocarpus siliculosus YP 009254717 .1
mt Schizocladia ischiensis YP 010032386.1
Ptri Icl|HQ840789.1 ADY18510.1 13
Tpse Icl|NC 007405.1 YP 316589.1 4
mt Triparma laevis YP 009163711.1
ool Mt Trachydiscus minutus YP 009237652.1
10 mt Vischeria stellata YP 009579061.1

1 mt Microchloropsis salina YP 008519357.1

mt Nannochloropsis gaditana YP 007317111.1
%&[7 mt Aureoumbra lagunensis YP 010152768.1

Al

100 Akon Icl[NC 026286.1 YP 009117115.1 4
‘ko_q_l_f[ mt Pleurostomum flabellatum YP 010049295.1
0

91}

ureococcus anophagefferens QGI124634.1
mt Pelagomonas calceolata YP 0101527171
mt Synura synuroidea NP 0381971
mt Ochromonas danica NP 066447.1
n 100 mt Achlya hypogyna YP 008475345.1
10Q]' mt Saprolegnia ferax YP 052913.1
99| * mt Thraustotheca clavata YP 008475411.1
9py Ainv Icl|NC 032052.1 YP 009327280.1 44
mt Aphanomyces astaci YP 009327234.1
100 mt Globisporangium ultimum YP 003734835.1
mt Pythium insidiosum YP 009167043.1
mt Phytopythium vexans YP 010395041.1
mt Phytophthora agathidicida YP 010117834.1
mt Plasmopara halstedii YP 010394629.1
mt Bremia lactucae YP 009547896.1
mt Plasmopara viticola YP 009729743.1
Phytophthora infestans NP 037613.1
mt Phytophthora versiformis YP 010394781.1
mt Pseudoperonospora cubensis YP 009164882.1
mt Pseudoperonospora humuli YP 009645868.1
mt Hyaloperonospora arabidopsidis YP 010393999.1
mt Peronospora belbahrii YP 010394035.1
mt Peronospora tabacina YP 009178785.1
Rickettsia conorii WP 010976715.1
94 I: Rickettsia prowazekii WP 004596667.1
9 Orientia tsutsugamushi WP 012461070.1
Candidatus Midichloria mitochondrii WP 013950626.1
9 Tetrahymena thermophila Icl|NP 149365.1
Neorickettsia sennetsu WP 011451789.1
Wolbachia WP 010962583.1 MULTISPECIES
Ehrlichia chaffeensis WP 006011616.1
Anaplasma centrale WP 041651385.1
bacterial FOF1 ATP synthase subunit A (7)
bacterial FOF1 ATP synthase subunit A (7)
bacterial FOF1 ATP synthase subunit A (3)
bacterial FOF1 ATP synthase subunit A (3)
bacterial FOF1 ATP synthase subunit A (3)
bacterial FOF1 ATP synthase subunit A (4)
—100 e hacterial FOF1 ATP synthase subunit A (2)
Magnetococcus marinus WP 227665284.1

1001 EP00375 Theileria parva P003797
861 | Tann XP 953812.1

9 97 EP00365 Plasmodium falciparum P001611
—— Bmic XP 012648731.1

100 EP00384 Cryptosporidium muris P001714
00 EP00379 Toxoplasma gondii P000094

R 100 Eten XP 013233242.1

100 Ccay XP 026194351.1

EP00390 Vitrella brassicaformis P012061

87 100 EP00454 Perkinsus marinus P003838

] 4'_'IQ_QI:EPOO439 Symbiodinium sp Y106 P042346
Acat CAMPEP 0171175688

100 e bacterial FOF1 ATP synthase subunit A (4)

bacterial FOF1 ATP synthase subunit A (13)

100 s bacterial FOF1 ATP synthase subunit A (2)
84 — Sphaerobacter thermophilus WP 012871909.1
N 100~ Acat CAMPEP 0171172220
Acat CAMPEP 0171190422
Acat CAMPEP 0171170360
Tpse XP 0022975511
Gsul XP 005705036.1
Cpar tig00001033 g6498.t1
Gnos EC121336.1.p1
Egra CDS undefined product 13564093
Mpol PTQ39617.1

10006

Nsim EP00160 Parvularia atlantis P011937
Acaryochloris marina WP 1871529211

Crinalium epipsammum WP 015202938.1

Stanieria cyanosphaera WP 015194403.1

Anabaena WP 015213883.1 MULTISPECIES
Carboxydothermus hydrogenoformans WP 226986708.1
Dictyoglomus thermophilum WP 012547483.1

bacterial FOF1 ATP synthase subunit A (7)

bacterial FOF1 ATP synthase subunit A (7)

bacterial FOF1 ATP synthase subunit A (35)

— Protein: atp6; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+F+R9
0.50



100 Rsal Icl|[NC 002572.1 NP 066454.1 1
mt Storeatula NC 037452.1 YP 009476680.1 44
mt Teleaulax amphioxeia YP 009475763.1
mt Proteomonas sulcata YP 009476687.1
Gthe Icl|MH844545.1 QBJ06294.1 4
Cryptomonas curvata YP 009476729.1
Hand Icl[NC 010637.1 YP 001874765.1 9
99 mt Chroomonas placoidea YP 009476596.1
Gnos Icl|NC 015117.1 YP 004222749.1 21
_:Gloeochaete wittrockiana YP 009092429.1
100— Cpar Icl|[NC 017836.1 YP 006280842.1 25
100~ mt Cyanophora biloba YP 010041703.1
mt Cyanophora sudae YP 010041750.1
mt Jakoba libera YP 007890685.1
mt Seculamonas ecuadoriensis YP 007890777 .1
mt Jakoba bahamiensis YP 007890644 .1
00 Pame Icl|NC 001823.1 NP 044774.1 30
mt Histiona aroides YP 007890569.1
—— Andgo Icl|NC 021124.1 YP 007890466.1 2
Tglo IclINC 023545.1 YP 009004141.1 39
MAST4A atp8 Icl
Atwi Icl|[NC 036491.1 YP 009446418.1 2
Nqua atp8 Icl
Goniomonas avonlea BBF98322.1

90 MASTS3i atp8 Icl orf17944
4‘} Hsap Icl|NC 012920.1 YP 003024030.1 5
EP00099 Drosophila melanogaster P030484

[— Mver IcI|NC 008240.1 YP 665688.1 7
=§|: Noli Icl|[NC 008239.1 YP 665668.1 27
00

Chlorella variabilis YP 009094936.1
Cmar Icl|NC 013837.1 YP 003434243.1 36
mt Heterosigma akashiwo YP 005090294.1
mt Triparma laevis YP 009163714.1
mt Aureoumbra lagunensis YP 010152764.1
00— Aureococcus anophagefferens QG124626.1
mt Pelagomonas calceolata YP 010152726.1
Hmar Icl|LC515367.1 BBQ05323.1 1

TelT atp8 Icl

mt Schizocladia ischiensis YP 010032389.1
— EP00895 Klebsormidium nitens P016252

100| Mpol Icl[NC 037508.1 YP 009479703.1 27

Mpol PTQ45261.1

Mpol PTQ37263.1

— Coleochaete scutata YP 009710028.1
Selaginella moellendorffii AEA29864.1

1 100 Populus trichocarpa PNT11806.1
*@EPOOZGO Arabidopsis thaliana P048255

96

Ntab Icl[NC 006581.1 YP 173455.1 107
Amborella trichopoda AAW30228.1
Pbil IclINC 031832.1 prot YP 009317232.1 26
mt Imasa heleensis YP 0101657371

100|: Diacronema Iutheri ADW83086.1
mt Diacronema viridis YP 010127216.1

91
] mt Synura synuroidea NP 038162.1

Ctob Icl|KJ201908.1 AHY04428.1 17
*ﬁ: mt Phaeocystis globosa YP 010230015.1
100, Ehux atp8 Icl orf9420
Emiliania huxleyi NP 957734.1
100 Ptri Icl|HQ840789.1 ADY18516.1 19
~|:|—7Tpse Icl|NC 007405.1 YP 316601.1 16
Mbre Icl|NC 004309.1 NP 696968.1 5

Sphaerothecum destruens YP 009734662.1
—  mt Ochromonas danica NP 066449.1
Maro Icl|AP019310.1 BBH42969.1 67
98
81

Pmir Icl|NC 000892.1 NP 050056.1 1
Amoebidium parasiticum AAN04066.1
Prasinoderma coloniale YP 008999839.1
Ppro IclINC 013935.1 YP 003495133.1 9
EP00059 Ciona intestinalis P021094
EP00224 Ostreococcus tauri P007745
Pwic Icl|[MN794237.1 Q0Z41729.1 16
mt Ministeria vibrans YP 007476190.1
Micromonas pusilla_CCMP1545_AC050739.1
oor Pico IcllMG202007.1 ATY40882.1 17
EP01045 Picozoa sp COSAG04 P001812
EP01043 Picozoa sp COSAG02 P005098
EP01046 Picozoa sp COSAG06 P058257
_|:Ttra IclINC 026452.1 YP 009121401.1 28
Taur Icl|AF288091.2 AAG23670.1 15
Cyanoptyche gloeocystis YP 009092470.1

Pbra Icl|LS992577.1 SYZ47150.1 34
Mijak IclINC 002553.1 NP 066328.1 22
Mcal Icl[NC 026311.1 YP 009118108.1 31
10%7 Ngru Icl|NC 002573.1 NP 066517.1 20
4[L mt Pleurostomum flabellatum YP 010049277.1
Nfow Icl[NC 021104.1 prot YP 007890038.1 20

87 mt Balamuthia mandrillaris YP 009163149.1

_?Pkir IclIINC 034798.1 prot YP 009370829.1 23
Paulinella micropora YP 009709965.1

99|: mt Heterostelium pallidum YP 209573.1
100 mt Cavenderia fasciculata YP 001876530.1
100 mt Dictyostelium citrinum YP 492633.1
Ddis Icl|[NC 000895.1 YP 001604087.1 12
— mt Dictyostelium intermedium YP 010191925.1
98 Vver Icl[NC 013986.1 YP 003540830.1 19
Acas Icl|[NC 001637.1 NP 042557.1 34
Akon Icl|[NC 026286.1 YP 009117117.1 6
_1|@|;mt Microchloropsis salina YP 008519377.1

1

|(0
Y

100991 mt Trachydiscus minutus YP 009237679.1
mt Vischeria stellata YP 009579052.1
Ectocarpus siliculosus YP 009254729.1
500 mt Achlya hypogyna YP 008475355.1
mt Saprolegnia ferax YP 052903.1
mt Thraustotheca clavata YP 008475401.1
mt Aphanomyces astaci YP 009327220.1
100| ‘' Ainv Icl[NC 032052.1 prot YP 009327266.1 30
mt Phytopythium vexans YP 010395026.1
mt Pythium insidiosum YP 009167028.1
mt Globisporangium ultimum YP 003734819.1
mt Phytophthora versiformis YP 010394805.1
mt Phytophthora agathidicida YP 010117850.1
mt Plasmopara viticola YP 009729750.1
mt Bremia lactucae YP 009547915.1
Phytophthora infestans NP 037628.1
gq~ Mt Plasmopara halstedii YP 010394648.1
mt Hyaloperonospora arabidopsidis YP 010394020.1
mt Pseudoperonospora humuli YP 009645892.1
mt Pseudoperonospora cubensis YP 009164905.1
94 mt Peronospora belbahrii YP 010394059.1
mt Peronospora tabacina YP 009178809.1
Drot Icl[NC 029886.1 YP 009245595.1 26
mt Paravannella minima YP 009557801.1
Cmer Icl[NC 000887.3 NP 059363.1 15
Pmar Icl[INC 026310.1 YP 009118063.1 11
Croe atp8 Icl
mt Paramoeba pemaquidensis YP 009308398.1
Lmar Icl[NC 045933.1 YP 009730093.1 49
9 Chondrus crispus NP 062498.1
Gracilariopsis chorda YP 008994199.1
Eucheuma denticulatum ATX68854.1
Ppur IclINC 002007.1 NP 049308.1 15
g9 Amac Icl|[NC 001715.1 NP 043738.1 14
g7 _Dbrulcl|NC 013147.1 YP 003127071.1 9
Scer IclINC 001224.1 NP 009312.1 8
EP00141 Yarrowia lipolytica PO0O0010
EP00135 Aspergillus nidulans P009450
Mpol PTQ26349.1
Cryptococcus neoformans var._grubii_ NP_705913.1
Ustilago maydis YP 762687.1
EP00134 Neurospora crassa P010808
EP00145 Schizosaccharomyces pombe P000580
Rhizophagus irregularis YP 003875523.1
Tetrahymena thermophila Icl|NP 149398.1
Hand CAMPEP 0169443950
EPO00390 Vitrella brassicaformis P001174
EP00451 Oxyrrhis marina P038217
EP00454 Perkinsus marinus P014876
Hema CDS undefined product 176996909 176997358
100 Apac CDS undefined product 49466312 49466789
Apac CDS undefined product 50123631 50124131
99 — Cvel CDS undefined product 144302583 144303101
100~ Ccay CDS undefined product 13904949 13905221
Eten CDS undefined product 30449999 30450560
EP00379 Toxoplasma gondii P003036
97— EP00365 Plasmodium falciparum P004128
EP00384 Cryptosporidium muris PO01769
Bmic CDS undefined product 1399524 1399850
Tann CDS undefined product 2279128 2279493
100 EP00110 Nematostella vectensis P023885
Oscarella pearsei YP 009431925.1
EP00114 Trichoplax sp H2 P0O07640
Ntab Icl|[NC 006581.1 YP 173378.1 29
100~ EP00681 Trypanosoma brucei P001687
100| - EP00682 Trypanosoma cruzi P005500
EP00674 Leishmania major P005389
9E|——EPOOG71 Bodo saltans P012340
EP00672 Neobodo designis P021607
_|:TeIT EP00656 Telonema subtile P001216
Tglo TRINITY DN85 c0 g1 i2.p1
HBB2 Icl|AQL10464.1
100 Calanus glacialis ATN95393.1

99 Branchiostoma floridae NP 007759.1
‘@: EP00067 Danio rerio P011075
EP00076 Gallus gallus P049665

Nsim Icl[NC 020369.1 YP 007476167.1 22
— Neorickettsia sennetsu WP 0114517911
Ulbachia WP 010962584.1 MULTISPECIES
Ehrlichia chaffeensis WP 011452993.1

100 spotted fever group WP 010976713.1 MULTISPECIES
Rickettsia prowazekii WP 004596669.1
Orientia tsutsugamushi WP 012461069.1
Candidatus Paracaedibacter symbiosus WP 052046095.1
Candidatus Odyssella thessalonicensis WP 010300292.1
Candidatus Midichloria mitochondrii WP 013950624.1

96

bacterial FOF1 ATP synthase subunit B (25)

Magnetococcus marinus WP 011715214.1
Bnat Icl|HQ840955.1 ADV41828.1 28
Gsul Icl[NC 024666.1 YP 009051201.1 4

bacterial FOF1 ATP synthase subunit B (79)

F— Protein: atp8; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+F+R6
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100, EP00375 Theileria parva P002690
Tann XP 951910.1
Bmic XP 012650371.1

100 (95 EP00365 Plasmodium falciparum P004390
100 EP00384 Cryptosporidium muris P001206
EP00379 Toxoplasma gondii P001786
100 100 — E

ten XP 013235972.1

— Ccay XP 026191781.1

— EP00390 Vitrella brassicaformis P009191
00 Cvel 13917.t1-p1

Cvel 17295.t1-p1
Acat CAMPEP 0171190656
Acat CAMPEP 0171172108
Acat CAMPEP 0171197516
9 Acat CAMPEP 0171172338
Acar EP00971 Amphidinium carterae P059916
9B Acat CAMPEP 0171241266
31 Acat CAMPEP 0171220360
Acat CAMPEP 0171170214

100— Omar CAMPEP 0204268654
Omar CAMPEP 0204268966
00r Omar CAMPEP 0204304438

Omar CAMPEP 0204450558
fPO— Hema GEMP01042498.1.p1
Hema GEMP01077576.1.p1

Hema GEMP01098830.1.p1
%4 100|—PEPOO454 Perkinsus marinus P005496

erkma XP 002772709.1
Otri Icl|UN383843.1 AEV66658.1 43
mt Halteria grandinella YP 010049580.1

Stromb Icl|MT471315.1 QPL15897.1 13
— mt Euplotes vanleeuwenhoeki YP 010117051.1

— mt Paramecium aurelia NP 039472.1
76| 100 mt Thuricola similis YP 010147310.1
mt Uronema marinum YP 009512657.1
mt Ichthyophthirius multifilis YP 004841724 .1
o1 mt Tetrahymena paravorax YP 740778.1
mt Tetrahymena pigmentosa YP 740822.1

Tthe Icl|NC 003029.1 NP 149381.1 18
mt Tetrahymena pyriformis NP 049585.1

100

100
100

100

— mt Ministeria vibrans YP 007476218.1
— Cowc Icl|[KC573038.1 AGE93639.1 73
Bnat Icl|HQ840955.1 ADV41815.1 15

98|: Mbre Icl|NC 004309.1 NP 696975.1 12
mt Paravannella minima YP 009557780.1
Oscarella pearsei YP 009431922.1
— EPQ0057 Strongylocentrotus purpuratus P011452
- EP00119 Amphimedon queenslandica P010928
EP00115 Mnemiopsis leidyi P007330
EP00081 Caenorhabditis elegans P001390
EP00114 Trichoplax sp H2 P011480
99, EP00110 Nematostella vectensis P017539
Nematostella vectensis XP 032240357.1
EP00103 Capitella teleta P028702
EP00099 Drosophila melanogaster P023955
EP00058 Branchiostoma floridae P017535
EP00090 Calanus glacialis P038141
EP00096 Caligus rogercresseyi P003474
EP00059 Ciona intestinalis P0O07433
Hsap NP 0010020271
Hsap NP 001002258.1
Hsap NP 001356685.1
100| Hsap NP 001356687.1
Hsap NP 001002031.1
Hsap XP 016874949.1
100 Pbra Icl|LS992577.1 SYZ47120.1 4
mt Spongospora subterranea YP 009350056.1
mt Polymyxa betae YP 010227893.1
— Prasinoderma coloniale YP 008999844 .1
91- mt Globisporangium ultimum YP 003734810.1
mt Pythium insidiosum YP 009167021.1
mt Phytopythium vexans YP 010395013.1
Ainv Icl[NC 032052.1 prot YP 009327241.1 5
mt Aphanomyces astaci YP 009327195.1
mt Achlya hypogyna YP 008475337.1
00, mt Plasmopara viticola YP 009729745.1
mt Peronospora tabacina YP 009178783.1

Maro Icl|AP019310.1 BBH42917.1 15
MASTS3i atp9 Icl

MAST4A atp9 Icl
00

Taur Icl|AF288091.2 AAG23688.1 33
EP00511 Aplanochytrium stocchinoi P011421
Aureococcus anophagefferens QGI124619.1
mt Aureoumbra lagunensis YP 010152755.1
mt Synura synuroidea NP 038183.1
mt Ochromonas danica NP 066431.1
Croe Icl|[VLTNO1000170.1 KAA0145455.1 29
mt Cafileria marina YP 009688816.1
Ptri Icl|HQ840789.1 ADY18528.1 31
Tpse IclINC 007405.1 YP 316613.1 28

99

84

Ectocarpus siliculosus YP 009254695.1

Cmar Icl[NC 013837.1 YP 003434246.1 39

mt Schizocladia ischiensis YP 010032412.1
mt Heterosigma akashiwo YP 005090319.1

mt Microchloropsis salina YP 008519379.1
Ttra Icl|[NC 026452.1 YP 009121384.1 11

96 Cvie Icl|[MG202006.1 ATY40853.1 11
— EP00159 Fonticula alba Icl P006296
Cyanoptyche gloeocystis YP 009092473.1
85 ﬁ|— Amoebidium parasiticum AAN04072.1

Hsap NP 001356686.1

88 Bmot atpc Icl
100| EP00667 Euglena gracilis P031470
99 EP00668 Euglena longa P043358
97| EP01012 Entosiphon sulcatum P033434

100

EP01006 Ploeotia vitrea P019508

100
98

Scer Icl[NC 001224.1 NP 009319.1 14
Dbru Icl[NC 013147.1 YP 003127074.1 12

EP00141 Yarrowia lipolytica PO00015
— Ustilago maydis YP 762703.1
18 96 Cryptococcus neoformans var._grubii NP_705911.1

Mpol PTQ26260.1

Rozella allomycis YP 008144603.1
Vver IclINC 013986.1 YP 003540837.1 26

100 mt Cavenderia fasciculata YP 001876526.1

4@: Ddis Icl|NC 000895.1 prot NP 050083.1 17
mt Heterostelium pallidum YP 209612.1
EP00154 Conidiobolus coronatus P001113
Amac Icl|[NC 001715.1 NP 043745.1 21
Rhizophagus irregularis YP 003875525.1
Nsim Icl[NC 020369.1 YP 007476185.1 40
EP00145 Schizosaccharomyces pombe P000581
Sphaerothecum destruens YP 009734648.1
Atwi Icl|NC 036491.1 YP 009446444.1 28

99|— Pico Icl|MG202007.1 ATY40872.1 7

EP01043 Picozoa sp COSAG02 P055495
97 Pbil Icl[NC 031832.1 YP 009317211.1 5

mt Paramoeba pemaquidensis YP 009308414.1
Ppur IclINC 002007.1 NP 049301.1 8

Chondrus crispus NP 062490.1
Lmar Icl|NC 045933.1 YP 009730094.1 50
Porphyridium aerugineum UBY46085.1
Gsul Icl[NC 024666.1 YP 009051207.1 10
Cmer Icl|NC 000887.3 NP 059377.1 29
4~ Goniomonas avonlea BBF98326.1
Hmar Icl|LC515367.1 BBQ05346.1 22
g7| mt Teleaulax amphioxeia YP 009475766.1
Rsal Icl|[NC 002572.1 NP 066457.1 4

Hand Icl[NC 010637.1 YP 001874787.1 31
mt Chroomonas placoidea YP 009476590.1
98|£|— Pmar Icl[NC 026310.1 YP 009118053.1 1

Paulinella micropora YP 009709952.1
77 L TelT atp9 el

'I__ Mijak Icl[NC 002553.1 NP 066343.1 37
Mcal Icl[INC 026311.1 YP 009118099.1 22

7 Gefionella okellyi AJF36679.1

— mt Imasa heleensis YP 010165743.1

95 Aper Icl|KF651061.1 AHA41648.1 12
100— mt Balamuthia mandrillaris YP 009163132.1
|100| Acas Icl[NC 001637.1 NP 042536.1 13

Candidatus Paracaedibacter symbiosus WP 232224403.1
Bl Gnos Icl|NC 015117.1 YP 004222755.1 27

Gloeochaete wittrockiana YP 009092433.1
9%7 Ctob Icl|KJ201908.1 AHY04425.1 14
mt Phaeocystis globosa YP 010230009.1

96 Ehux Icl|JN022704.1 AEI29469.1 15
0, Diacronema lutheri ADW83093.1

mt Diacronema viridis YP 010127223.1
Nqua atp9 Icl
100, Drot Icl|NC 029886.1 YP 009245599.1 30

L EP00001 Collodictyon triciliatum P155138

99| Ngru Icl[NC 002573.1 NP 066542.1 45
92 —|~lfow IclINC 021104.1 YP 007890063.1 45
mt Pleurostomum flabellatum YP 010049257.1
Akon Icl|[NC 026286.1 YP 009117112.1 1

Pkir Icl|NC 034798.1 YP 009370840.1 34
87 — HBB2 Icl|AQL10445.1

mt Stachyamoeba lipophora YP 009118121.1
100 Pame Icl|NC 001823.1 NP 044777.1 33
mt Histiona aroides YP 007890572.1
mt Jakoba libera YP 007890682.1
mt Seculamonas ecuadoriensis YP 007890779.1
Andgo Icl|[NC 021124.1 YP 007890500.1 36
Tglo IclINC 023545.1 YP 009004140.1 38
mt Jakoba bahamiensis YP 007890641.1
100| Dpap DIPPA 03432.mRNA.1
99[1 Dpap DIPPA 19530.mRNA.1
100 Dpap DIPPA 10356.mRNA.1
Dpap DIPPA 19165.mRNA.1

EP00756 Hemistasia phaeocysticola P015819
h4| Toru Tb927.10.1570

Tbru Th927.11.5280
EP00681 Trypanosoma brucei P003210
84|' Tbru Tb927.7.1470
EP00682 Trypanosoma cruzi P008252

EP00674 Leishmania major P002795
EP00671 Bodo saltans P011660
98- Cvie GILI01001631.1.p1

TelT EP00656 Telonema subtile P036232
10%0 Ntab Icl|[NC 006581.1 YP 173404.1 55
Ntab XP 016463347.1

| Amborella trichopoda AHA47119.1

96

D

100

~
~
-—

Mpol PTQ38019.1

Coleochaete scutata YP 009710061.1

Mpol Icl]NC 037508.1 YP 009479734.1 58
Mver Icl|[NC 008240.1 YP 665684.1 3

EP00895 Klebsormidium nitens P016272

1(;6)'9[ EP00202 Volvox carteri P011008
Crei XP 001701531.1

L EP00198 Chlamydomonas reinhardtii P012163

Ppro Icl[NC 013935.1 YP 003495142.1 18
Noli Icl[INC 008239.1 YP 665651.1 10

Pwic Icl|[MN794237.1 Q0Z41743.1 30
Chlorella variabilis YP 009094912.1
99— MAST4A EP00942 MAST-04A sp MAST-4A-sp1 PO08081 g8081.11
EP00224 Ostreococcus tauri P007726
Micromonas pusilla_CCMP1545 AC050713.1
— Cpar Icl|NC 017836.1 YP 006280841.1 24

bacterial FOF1 ATP synthase subunit C (26)
9898 Rickettsia WP 010976714.1 MULTISPECIES
75 Rickettsia prowazekii WP 004596668.1
— Orientia tsutsugamushi WP 011944645.1
o7 Candidatus Midichloria mitochondrii WP 013950625.1

99— Neorickettsia WP 011451790.1 MULTISPECIES
9 Wolbachia WP 006014985.1 MULTISPECIES
95 1001 Enhrlichia WP 006011614.1 MULTISPECIES

Anaplasma WP 012880407.1 MULTISPECIES
ol Magnetococcus marinus WP 011715213.1

Rubrobacter xylanophilus WP 049761488.1

) Isosphaera pallida WP 013563438.1
98 —< bacterial FOF1 ATP synthase subunit C (8)

M —— . hacterial FOF1 ATP synthase subunit C (3)

|_|:Drot EP00002 Diphylleia rotans P010295

100 Mjak EP00700 Malawimonas jakobiformis P001963
L Ddis XP 644318.1

100 Ngru XP 002668836.1
87 10011 Ngru XP 002678119.1
100100, Nfow XP 0445675641
Ngru XP 002671873.1
Pkir EP00761 Pharyngomonas kirbyi P011695
0— Nova EP00826 Nyctotherus ovalis P033968
Nova EP00826 Nyctotherus ovalis PO65876
TelT EP00656 Telonema subtile P036581
92(10; Tglo TRINITY DN1002 0 g1 i2.p2
82 Tglo TRINITY DN192 c0 g1 i2.p1
Cvel 11230.t1-p1
9900 Mbre XP 001743042.1

Cowc XP 004364210.1
96 84‘? Cvie GILI01041221.1.p2 GENE.GILI01041221.1

] 99 Mcal Malawimonas californiana 06757.mRNA.1 3

bacterial V-type ATP synthase subunit K (4)

Opitutus terrae WP 012373706.1
bacterial FOF1 ATP synthase subunit C (6)

v 4( bacterial FOF1 ATP synthase subunit C (8)
86

4 . l|—98<< bacterial FOF1 ATP synthase subunit C (13)

bacterial FOF1 ATP synthase subunit C (5)
9919 Cyanobacteria WP 013192016.1 MULTISPECIES
Acaryochloris WP 010468088.1 MULTISPECIES
Stanieria WP 015194402.1 MULTISPECIES

Cyanobacteria WP 010994186.1 MULTISPECIES
Ntab NP 054483.1

Gsul XP 005705037.1
Tpse XP 002297550.1
— Rsal EP00961 Rhodomonas salina P275604
Carboxydothermus WP 034541847.1 MULTISPECIES
78 97, Acar EP00971 Amphidinium carterae P139114
Acar EP00971 Amphidinium carterae P015638
Acat CAMPEP 0171231546
Acat CAMPEP 0171278690
Acat CAMPEP 0171238350
99 Acat CAMPEP 0171238178
Acat CAMPEP 0171197970
Acat CAMPEP 0171239558
Acat CAMPEP 0171239892
Acat CAMPEP 0171203094
Acat CAMPEP 0171231308
Acat CAMPEP 0171233862

99

100

94

Acat CAMPEP 0171167896
Acat CAMPEP 0171168400
Acat CAMPEP 0171171116
Acat CAMPEP 0171170826
Acat CAMPEP 0171174618
Acat CAMPEP 0171186722
Acat CAMPEP 0171250302

| Protein: atp9; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+F+R6

0.50



10 Ctob JWZX01003345.1 47
9 Rsal EP00961 Rhodomonas salina P276241
38 Rsal EP00961 Rhodomonas salina P002056
Galdieria sulphuraria Gsul XP 005705004.1
9 Acar EP00971 Amphidinium carterae P094379

Egra Gene.12942 EG transcript 1495 g.12942 m.12942
Marchantia polymorpha Mpol PTQ48597.1

Nicotiana tabacum Ntab XP 016502071.1
Nicotiana tabacum Ntab XP 016504217.1
Stanieria cyanosphaera WP 015193496.1
Acaryochloris marina WP 0121623241
Anabaena cylindrica WP 015214570.1
Crinalium epipsammum WP 015203969.1
Mbesia microti strain Rl Bmic YP 009363175.1
Plasmodium falciparum 3D7 Pfal YP 009455724 .1
1bo Toxoplasma gondii RH Tgon NP 044559.1
0 Eimeria tenella strain Penn State Eten NP 852636.1
Cyclospora cayetanensis Ccay XP 026189596.1
bacterial elongation factor Tu (2)
100 bacterial elongation factor Tu (2)
bacterial elongation factor Tu (7)
bacterial elongation factor Tu (4)
bacterial elongation factor Tu (6)

bacterial elongation factor Tu (22)

9

81

bacterial elongation factor Tu (54)

:—— bacterial elongation factor Tu (5)
“==mll bacterial elongation factor Tu (4)
Anaeroarcus burkinensis WP 027936950.1
bacterial elongation factor Tu (2)

bacterial elongation factor Tu (16)

bacterial elongation factor Tu (13)

Geminicoccus roseus WP 027134771.1

Candidatus Pelagibacter ubique WP 006996798.1
Candidatus Midichloria mitochondrii WP 013951074.1
1007 Rickettsia conorii WP 010977589.1

Rickettsia prowazekii WP 004596195.1

100 Orientia tsutsugamushi WP 012462217 .1
Orientia tsutsugamushi WP 012461605.1
— Tglo Icl|NC 023545.1 YP 009004121.1 19

Vver IclINC 013986.1 YP 003540817.1 6
7 _*1 00 [ Vver EP00029 Vermamoeba vermiformis P005436

i Dictyostelium discoideum AX4 Ddis XP 636148.2
9p HBB2 EP01027 Heterolobosea sp BB2 P022185
Naegleria fowleri Nfow XP 044569354.1
D

Naegleria gruberi Ngru XP 002681524 .1
Andgo Icl[NC 021124.1 YP 007890483.1 19
Maro Icl|AP019310.1 BBH42964.1 62
Pame Icl|[NC 001823.1 NP 044757.1 13
mt Histiona aroides YP 007890552.1
mt Jakoba bahamiensis YP 007890658.1
mt Seculamonas ecuadoriensis YP 007890809.1
mt Jakoba libera YP 007890721.1
9 Chlamydomonas reinhardtii Crei XP 042923467 .1
Cvie GILI01009965.1.p1
Ppur TRINITY DN2262 c0 g1 i1.p2
7 Blastocystis sp. ATCC 50177/Nand Il Blasto OAO15825.1
7 Cpar tig00021127 g18717.11
Desulfatibacillum alkenivorans WP 170868482.1
Galdieria sulphuraria Gsul XP 005704149.1
Taur BLSG01000377.1 1837
Atwi GFYU01005126.1.p1
Pbil CAMPEP 0113894452
Cafeteria roenbergensis Croe KAA0151437.1
Thalassiosira pseudonana CCMP1335 Tpse XP 002293181.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002183867.1
1_|: MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P013629 g13629.t1
TelT EP00656 Telonema subtile P017518
— Aphanomyces invadans Ainv XP 008872050.1
( Guillardia theta CCMP2712 Gthe XP 005836302.1
?IEmd CAMPEP 0114124662
Pbra EP00473 Plasmodiophora brassicae P009172
3 Mcal Malawimonas californiana 12140.mRNA.1
Mjak EP00700 Malawimonas jakobiformis P002463
Mvir EP00899 Mesostigma viride PO16606
Pwic JADZLO010000017.1 4194
Pycnococcus provasolii Ppro GHP11195.1
Marchantia polymorpha Mpol PTQ28847.1
Nicotiana tabacum Ntab XP 016482987.1
Nicotiana tabacum Ntab XP 016494694.1
Nicotiana tabacum Ntab XP 016436727.1
Bnat EP00466 Bigelowiella natans PO08001
Bmot EP00823 Brevimastigomonas motovehiculus P005529
100y Nova EP00826 Nyctotherus ovalis P007905
ﬂl—L Nova EP00826 Nyctotherus ovalis P007908
Nova EP00826 Nyctotherus ovalis P045934
i Nova EP00826 Nyctotherus ovalis PO18411
Otri ARYC01004609.1 4
Tetrahymena thermophila SB210 Tthe XP 001021714.2
Acanthamoeba castellanii str. Neff Acas XP 004336955.1
Cyanidioschyzon merolae strain 10D Cmer XP 005539078.1
{ H—— Emiliania huxleyi CCMP1516 Ehux XP 005774315.1

9
10

77

~q
o O

10
98

Ida)

1o|9_[ Acat CAMPEP 0171204118
J 1001 1 Acat CAMPEP 0171167990

L Acat CAMPEP 0171218052
o4 Cvel 11892.t1-p1

Toxoplasma gondii ME49 Tgon XP 002365340.1
Cyclospora cayetanensis Ccay XP 026190126.1
Eimeria tenella Eten XP 013233194.1

10(19

Vbra 20934.t1-p1
Plasmodium falciparum 3D7 Pfal XP 001350039.1
Babesia microti strain Rl Bmic XP 021338142.1
Theileria annulata Tann XP 955393.1
100r Perkinsus marinus ATCC 50983 Perkma XP 002786703.1
10 Perkinsus marinus ATCC 50983 Perkma XP 002770988.1
Perkinsus marinus ATCC 50983 Perkma XP 002773196.1
Omar CAMPEP 0204476574
100[ Acat CAMPEP 0171248116
Acat CAMPEP 0171202486
1QQ| Hema GEMP01028661.1.p1
Hema GEMP01028275.1.p1

Pkir EP00761 Pharyngomonas kirbyi P011569
i 1 Egra Gene.50267 EG transcript 8722 g.50267 m.50267
1bo Dpap DIPPA 22988.mRNA.1

100 Cvie GILI01005952.1.p1
10 TelT EP00656 Telonema subtile P009443
Tbru Tb927.10.13360 mRNA-p1
Atwi GFYU01047830.1.p1
Drot EP00002 Diphylleia rotans P023864
ﬂﬂmonas trahens ATCC 50062 Ttra XP 013761507.1
Ppur TRINITY DN14288 c0 g1 i1.p1

: 1‘%Fonticula alba Falb EP00159 Fonticula alba P005341 XP 009497457 .1

Capsaspora owczarzaki ATCC 30864 Cowc XP 004364670.1

100j Nsim EP00160 Parvularia atlantis P015416

Nsim EP00160 Parvularia atlantis P015413
984s Monosiga brevicollis MX1 Mbre XP 001743248.1

| 100; Homo sapiens Hsap NP 003312.3

Homo sapiens Hsap NP 001352289.1
| _']_op_l Allomyces macrogynus ATCC 38327 Amac KNE66542.1
9 Allomyces macrogynus ATCC 38327 Amac KNE65429.1
jg——Saccharomyces cerevisiae S288C Scer NP 014830.1
Brettanomyces bruxellensis Dbru XP 041136521.1

Acetomicrobium mobile WP 014806864.1

=

100

eukaryotic elongation factor 1-alpha (86)

F— Protein: tufA; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R10
0.50



100|

bacterial DNA-directed RNA polymerase subunit alpha (110)

Acetomicrobium WP 014806392.1 MULTISPECIES

Mvir EP00899 Mesostigma viride P020418
Mvir EP00899 Mesostigma viride P021565

100, Acat CAMPEP 0171208822

100

! Acat CAMPEP 0171244066

Nicotiana tabacum Ntab NP 054532.1

Marchantia polymorpha Mpol PTQ43226.1

Crinalium epipsammum WP 0412260771

Ctob JWZX01003345.1 41

100

Pwic JADZL.O010000014.1 309

Ppur TRINITY DN6798 c0 g1i1 3

Rsal EP00961 Rhodomonas salina P213169
Galdieria sulphuraria Gsul XP 005705008.1
Acaryochloris WP 010480579.1 MULTISPECIES
Crinalium epipsammum WP 041226594 .1
Stanieria cyanosphaera WP 015195209.1
Anabaena cylindrica WP 015215933.1

1010 0 Theileria annulata Tann XP 954587.1
—|_|; Babesia microti strain RI Bmic XP 012647801.1

Toxoplasma gondii ME49 Tgon XP 018635445.1

—  Plasmodium falciparum 3D7 Pfal XP 001348869.2

84

Vbra_14511.t1-p1

Cvel 8681.t1-p1

100

100
00

Pycnococcus provasolii Ppro GHP11282.1

1 Theileria annulata Tann XP 954895.1
_|1|: Babesia microti strain RI Bmic XP 021337297.1

Plasmodium falciparum 3D7 Pfal XP 001349803.1

oxoplasma gondii ME49 Tgon XP 018635041.1

o T
100L— Cyclospora cayetanensis Ccay XP 026192246.1
] Eimeria tenella Eten XP 013234743.1
98— Andgo Icl|[NC 021124.1 YP 007890497.1 33
mt Seculamonas ecuadoriensis YP 007890824 .1

10

e

Pame Icl|[NC 001823.1 NP 044772.1 28

g0
—E3| 100 mt Jakoba bahamiensis YP 007890673.1
0 mt Histiona aroides YP 007890567.1

Wolinella succinogenes WP 011139503.1
Nautilia profundicola WP 015901786.1

100

Isosphaera pallida WP 013564530.1

Nova EP00826 Nyctotherus ovalis P061182

Atwi GFYU01003263.1.p1

Pbra EP00473 Plasmodiophora brassicae P009325
TelT EP00656 Telonema subtile P045158

HBB2 EP01027 Heterolobosea sp BB2 P021055

Pkir EP00761 Pharyngomonas kirbyi P001456

Cpar tig00020848 g14546.11

Emiliania huxleyi CCMP1516 Ehux XP 005778521.1
Thecamonas trahens ATCC 50062 Ttra XP 013762077.1
Guillardia theta CCMP2712 Gthe XP 005822606.1
Tetrahymena thermophila SB210 Tthe XP 001012875.3
Capsaspora owczarzaki ATCC 30864 Cowc XP 004349832.1
VVver EP00029 Vermamoeba vermiformis P008437

Tetrahymena thermophila SB210 Tthe XP 001471367.1
Plasmodium falciparum 3D7 Pfal XP 001352101.1

Cvie GILI01020733.1.p1

Aphanomyces invadans Ainv XP 008869633.1

TelT EP00656 Telonema subtile P009023

Pkir EP00761 Pharyngomonas kirbyi P012985

100, Nicotiana tabacum Ntab XP 016467048.1

Nicotiana tabacum Ntab XP 016515314.1

F—— Protein: rpoA; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+R6
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100

eukaryotic DNA-directed RNA polymerase Il subunit RPB2 (79)
99|

ﬂ{ eukaryotic DNA-directed RNA polymerase Ill subunit RPC2 (71)

4‘-’-”{ eukaryotic DNA-directed RNA polymerase | subunit RPA2 (30)
100; Eten NW 013544196.1 11

ME Eimeria tenella strain Penn State Eten NP 852647.1
Cyclospora cayetanensis Ccay XP 026189597.1

Toxoplasma gondii RH Tgon NP 044569.1
parum 3D7 Pfal YP 009455733.1

100

100

88,7 Plasmodium falci
Babesia microti strain RI Bmic YP 009363181.1

Pame Icl[NC 001823.1 NP 044749.1 5
mt Histiona aroides YP 007890544.1
mt Seculamonas ecuadoriensis YP 007890789.1

mt Jakoba bahamiensis YP 007890650.1

mt Jakoba libera YP 007890731.1

O
i

9

Andgo Icl[NC 021124.1 YP 007890475.1 11
Pwic JADZLO010000014.1 316

84
82 Egra Gene.90022 EG transcript 20482 g.90022 m.90022
9 Pycnococcus provasolii Ppro GHP01504.1
Acat CAMPEP 0171243056

Nicotiana tabacum Ntab NP 054488.1
Marchantia polymorpha Mpol PTQ33129.1
Mvir EP00899 Mesostigma viride P021653

Mvir EP00899 Mesostigma viride PO00100

Mvir EP00899 Mesostigma viride PO00103

Mvir EP00899 Mesostigma viride P0O00102
Ppur TRINITY DN15695 c0 g1 i1.p1

1 Galdieria sulphuraria Gsul XP 005705034.1
100; Tpse NW 002243536.1 17
Thalassiosira pseudonana CCMP 1335 Tpse XP 002297513.1

— Rsal EP00961 Rhodomonas salina P015797
Stanieria cyanosphaera WP 015192710.1

9% Anabaena cylindrica WP 015214671.1

8q- Crinalium epipsammum WP 015203653.1
Acaryochloris marina WP 012163975.1
Dictyoglomus thermophilum WP 012546981.1

bacterial DNA-directed RNA polymerase subunit beta (17)

bacterial DNA-directed RNA polymerase subunit beta (2)
bacterial DNA-directed RNA polymerase subunit beta (3)

bacterial DNA-directed RNA polymerase subunit beta (15)

bacterial DNA-directed RNA polymerase subunit beta (92)

F Protein: rpoB; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R10

0.50



100 eukaryotic DNA-directed RNA polymerase Il subunit RPB1 (69)

eukaryotic DNA-directed RNA polymerase |l subunit RPC1 (68)

100

eukaryotic DNA-directed RNA polymerase | subunit RPA1 (44)

mt Jakoba libera YP 007890729.1

Acat CAMPEP 0171214282
Plasmodium falciparum 3D7 Pfal YP 009455731.1

Eimeria tenella strain Penn State Eten NP 852645.2
_ Cyclospora cayetanensis Ccay XP 026189604.1
1001 Eimeria tenella strain Penn State Eten NP 852646.1

10_|0 L Cyclospora cayetanensis Ccay XP 026189603.1
Toxoplasma gondii RH Tgon NP 044568.1

a7 — Plasmodium falciparum 3D7 Pfal YP 009455732.1
o) E— Andgo Icl[NC 021124.1 YP 007890476.1 12
100 mt Seculamonas ecuadoriensis YP 007890788.1
o8 mt Jakoba bahamiensis YP 007890651.1
100 Pame Icl[NC 001823.1 NP 044750.1 6
mt Histiona aroides YP 007890545.1

Mvir EP00899 Mesostigma viride P0O00102

Mvir EP00899 Mesostigma viride PO00100

Mvir EP00899 Mesostigma viride P021653
Nicotiana tabacum Ntab NP 054486.2
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P008702 g8702.11

Egra Gene.84054 EG transcript 18378 g.84054 m.84054

Anabaena cylindrica WP 015214669.1
Thalassiosira pseudonana CCMP1335 Tpse XP 002297515.1

Crinalium epipsammum WP 015203652.1
Galdieria sulphuraria Gsul XP 005705034.1

Ctob JWZX01003345.1 13

100 Tpse NW 002243536.1 18
Thalassiosira pseudonana CCMP1335 Tpse XP 0022975141

Nicotiana tabacum Ntab NP 054487.1

Pwic JADZLO010000014.1 317
Egra Gene.80288 EG transcript 17125 g.80288 m.80288

Egra Gene.70539 EG transcript 14149 g.70539 m.70539
Dictyoglomus thermophilum WP 012547665.1

bacterial DNA-directed RNA polymerase subunit beta (20)

86
——mmm hacterial DNA-directed RNA polymerase subunit beta (2)
Turneriella parva WP 014804026.1

8 bacterial DNA-directed RNA polymerase subunit beta (99)

F Protein: rpoC; alignment timming: ClipKIT; IQ-TREE2 best-fit model: LG+R10

0.50



100
bacterial RNA polymerase sigma factor RpoD (100)

bacterial RNA polymerase sigma factor RpoD/SigA/RpoH (85)

100| Cpar tig00000842 g4820.t1
Cpar tig00000842 g4820.t2

bacterial RNA polymerase sigma factor SigC (21)

08 100 Pame Icl[NC 001823.1 NP 044794.1 50
99 _|—|: mt Histiona aroides YP 007890590.1

Andgo Icl|[NC 021124.1 YP 007890503.1 39
700 & Stanieria cyanosphaera WP 015194127 .1
Acaryochloris marina sigma-70 family RNA polymerase sigma factor (10)
100— 99 Nicotiana tabacum Ntab XP 016473301.1
99 Nicotiana tabacum Ntab XP 0165127971
Marchantia polymorpha Mpol PTQ47849.1
Mvir EP00899 Mesostigma viride P025349

100‘ Mvir EP00899 Mesostigma viride P020309

Mvir EP00899 Mesostigma viride P020331
Mvir EP00899 Mesostigma viride P020320
_|:hrysochromullna tobinii Ctob KO053223.1
Marchantia polymorpha Mpol PTQ47620.1
oWlarchantia polymorpha Mpol PTQ47105.1
| Nicotiana tabacum (5)

100— Thalassiosira pseudonana CCMP1335 Tpse XP 002289172.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002185497.1
Thalassiosira pseudonana CCMP1335 Tpse XP 002292566.1
Pycnococcus provasolii Ppro GHP06774.1
Pycnococcus provasolii Ppro GHP07274.1
Chlamydomonas reinhardtii Crei XP 001693275.1
10 Thalassiosira pseudonana CCMP1335 Tpse XP 002290998.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002178078.1
Cyanidioschyzon merolae strain 10D Cmer XP 005536991.1
Ppur TRINITY DN1205 c0 g1 i2.p1
Chrysochromulina tobinii Ctob KO033602.1
Galdieria sulphuraria Gsul XP 005707496.1
Galdieria sulphuraria Gsul XP 005705487 .1
Galdieria sulphuraria Gsul XP 005703502.1
100; Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002182327.1

Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002182160.1

Thalassiosira pseudonana CCMP1335 Tpse XP 002286953.1

100|: Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002177268.1

Thalassiosira pseudonana CCMP1335 Tpse XP 002289989.1

100 Cpar tigd0020816 g14180.t1
Cpar tig00020816 g14175.11
Chrysochromulina tobinii Ctob KO0O33574.1
Chrysochromulina tobinii Ctob KO0O53702.1
Cyanidioschyzon merolae strain 10D Cmer XP 005538143.1
Galdieria sulphuraria Gsul XP 005706171.1
Ppur TRINITY DN1085 c0 g1 i3.p1
Rsal CAMNT 0042108007 2
Hand CAMNT 0001269477 1
Cyanidioschyzon merolae strain 10D Cmer XP 005538449.1
Cyanidioschyzon merolae strain 10D Cmer XP 005536476.1
Ppur TRINITY DN2184 c0 g1 i11.p1
Galdieria sulphuraria Gsul XP 005704682.1
Anabaena cylindrica WP 015214789.1
Acaryochloris WP 010468027.1 MULTISPECIES
Crinalium epipsammum WP 015204726.1

Stanieria cyanosphaera WP 015195117.1
00, Mvir EP00899 Mesostigma viride P005768
Mvir EP00899 Mesostigma viride PO05767
Marchantia polymorpha Mpol PTQ27177.1

Nicotiana tabacum (14)

100

87

F— Protein: rpoD; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+R9
0.50

mt Seculamonas ecuadoriensis YP 007890770.1



1001 Scer NP 010953.1
Dbru XP 041139255.1
Amac KNE71729.1
Ppur TRINITY DN311 c0 g1 i2.p1
Hand CAMPEP 0114122052
Gthe XP 005837724.1
Cvel 12091.t1-p1
Bmot EP00823 Brevimastigomonas motovehiculus PO05968
Crei XP 042919530.1
Ppro GHP06372.1
Acat CAMPEP 0171179878
TelT EP00656 Telonema subtile P045677
Ppro GHP07422.1
Ehux XP 005756786.1
00— Gthe XP 005821368.1
Hand CAMPEP 0172021250
Ddis XP 638739.1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P010228 g10228.t1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P002173 g2173.t1
100; Perkma XP 002774640.1
Perkma XP 002771848.1
mLTeIT EP00656 Telonema subtile P028504
TelT EP00656 Telonema subtile P028509
Egra Gene.28706
76| 10Q)100; Acat CAMPEP 0171168702
10 Acat CAMPEP 0171232104
9 Hema GEMP01013993.1.p1
Omar CAMPEP 0204271836
Andgo 06512.mRNA.1
100— Nfow XP 044567137.1
4 L Ngru XP 002683528.1
_|:HBBZ EP01027 Heterolobosea sp BB2 P010164
Mcal Malawimonas californiana 10811.mRNA.1
100 Drot EP00002 Diphylleia rotans P033355
.l | Drot EP00002 Diphylleia rotans P033352
Ttra XP 013760965.1
_I:Atwi GFYU01001340.1.p1
Cowc XP 004349424 .1
m| Pbil CAMPEP 0113871954
i Pbil CAMPEP 0113886474
Mbre XP 001750250.1
Falb EP00159 Fonticula alba PO00609 XP 009492725.1
Hsap NP 005683.2
] Mpol PTQ40705.1
1980, Ntab XP 016467457.1
100|' Ntab XP 016465659.1
100; Ntab XP 016474504.1
Ntab XP 016473465.1
Taur BLSG01000080.1 2087
Cpar tig00000383 g24665.t1
Egra Gene.35263
Tbru Th927.10.15530
Cvie GILI01002787.1.p1
Dpap DIPPA 09094.mRNA.1
Dpap DIPPA 15584. mRNA.1
Croe KAA0146414.1
Ptri XP 002177124 .1
Tpse XP 002286435.1
Bnat EP00466 Bigelowiella natans P0O00057
Ainv XP 008862733.1
Tpse XP 002295139.1
Ptri XP 002179600.1
—— Cmer XP 005536414.1

[da)

1

Acat CAMPEP 0171270194
Omar CAMPEP 0204374106
Vver EP00029 Vermamoeba vermiformis P006136
Hsap NP 001338227.1
Hsap NP 060828.2
Cowc XP 004363839.2
Amac KNE60895.1
Amac KNE68651.1
Dbru XP 041139668.1
Scer NP 116664.1
— Ddis XP 637946.1
Ttra XP 013755290.1
Mcal Malawimonas californiana 05156.mRNA.1
Ddis XP 647476.1
Acas XP 004340933.1
Vver EP00029 Vermamoeba vermiformis P004760
Falb EP00159 Fonticula alba P005957
OQE Ttra XP 013755428.1
Ehux XP 005774139.1
10Q Ntab XP 016502407.1
Ntab XP 016469911.1
Ntab XP 016504633.1
Ntab XP 016448220.1
Mpol PTQ30619.1
Mvir EP00899 Mesostigma viride P021468
Ppro GHP06000.1
Pwic JADZLO010000013.1 738
Crei XP 042928618.1
100, Pbil CAMPEP 0113907818
Pbil CAMPEP 0113874512
1 Perkma XP 002771590.1
Perkma XP 002775411.1
100| Hema GEMP01014459.1.p1
Hema GEMP01013452.1.p1
TelT EP00656 Telonema subtile P057884
Andgo 04071.mRNA.1
Pico 46670 6
TelT EP00656 Telonema subtile P006021
1 Tbru Tb927.10.10880
79199-'7— Cvie GILI01005265.1.p1
Dpap DIPPA 32832.mRNA.1
— Egra Gene.10383
—— Gthe XP 005840998.1
1 TelT EP00656 Telonema subtile P005455
-| TelT EP00656 Telonema subtile P005453
Croe KAA0149442.1
93 Cowc XP 004347346.1
1 Q_: MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P003522 g3522.t1
MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P004777 g4777 .11
Mcal Malawimonas californiana 10437.mRNA.1
1 Hsap NP 001081.1
1t0_| | Hsap NP 001020262.1
Mbre XP 001747236.1

Blasto OAO12865.1
100 Ainv XP 008873187.1
Ptri XP 002183546.1

Tpse XP 002292580.1
100 Gsul XP 005707783.1
84 _|:Ppur TRINITY DN2186 c1 g1 i5.p1
JO Andgo 08025.mRNA.1
1

1 (00 Ppro GHP11290.1
1(% Hand CAMPEP 0114133598
0

100] 10

104

o7 10

8
98|77

(]

[
—
(-]
-]

e

Andgo 04566.mRNA.1
100r— Tbru Tb927.10.3170
0 Cvie GILI01012246.1.p1
10 Dpap DIPPA 01523.mRNA.1
Pkir EP00761 Pharyngomonas kirbyi P013678
0071 Nfow XP 044557043.1
Ngru XP 002683441.1
Ctob KO0O21547.1
Mbre XP 001750786.1
Drot EP00002 Diphylleia rotans P033358
Crei XP 042919674.1
Mvir EP00899 Mesostigma viride P014881
Mpol PTQ32149.1
0 Ntab XP 016484953.1
Ntab XP 016488726.1
MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P001519 g1519.t1
Tthe XP 001030808.1
Tthe XP 002348337.1
Nova EP00826 Nyctotherus ovalis P011127
Nova EP00826 Nyctotherus ovalis P011128
Omar CAMPEP 0204458714
Hema GEMP01009982.1.p1
Cvel 27896.11-p1
Vbra 11364.t1-p1
Pfal XP 001347896.1
Tgon XP 002369809.1
Ccay XP 026192778.1
Eten XP 013227846.1

Ainv XP 008865298.1
99 MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P009582 g9582.t1
1 Tpse XP 002293531.1

Ptri XP 002186266.1
Croe KAA0150195.1
495 Pbra EP00473 Plasmodiophora brassicae PO08585
0 Bnat EP00466 Bigelowiella natans P011750
117 Pbra EP00473 Plasmodiophora brassicae P003321
81 Bnat EP00466 Bigelowiella natans P010637
100 Mbre XP 001750833.1
Omar CAMPEP 0204332374
— Blasto OA017382.1
100 Acat CAMPEP 0171188044
E — Acat CAMPEP 0171166638
ho Acat CAMPEP 0171212020
‘lioi_QE Tpse XP 002289901.1
Ptri XP 002182764.1
Ttra XP 013754755.1
I8 Blasto OAO12923.1
9 Cowc XP 004348094.1
100, Pbil CAMPEP 0113900826
1

o

—_

Pbil CAMPEP 0113881684
Omar CAMPEP 0204449494

40-0-‘ Omar CAMPEP 0204394006
Omar CAMPEP 0204303834

o0 Tpse XP 002287744.1
a Atwi GFYU01005527.1.p1
— Egra Gene.9457
Crei XP 042916759.1
100~ Scer NP 015098.1
Dbru XP 041134797 .1
Crei XP 0016922871

1001~ Scer NP 013350.1
Scer NP 014384.3

bacterial ATP-binding cassette domain-containing proteins (44)

100 Arabidopsis thaliana NP 176516.1
— L Physcomitrium patens XP 024399318.1
Capsaspora owczarzaki ATCC_30864_XP_004364551.1

Fonticula alba XP 009494751.1

Galdieria sulphuraria XP 005704713.1
Andgo Icl[NC 021124.1 YP 007890511.1 47

Pbil Icl]NC 031832.1 YP 009317231.1 25
Nqua ccmA Icl
Pame Icl|[NC 001823.1 NP 044792.1 48
mt Histiona aroides YP 007890587.1
mt Jakoba libera YP 007890702.1
mt Seculamonas ecuadoriensis YP 007890826.1
mt Jakoba bahamiensis YP 007890626.1
Atwi Icl|NC 036491.1 YP 009446472.1 56
Cmer Icl]NC 000887.3 NP 059366.1 18

Hmar Icl|LC515367.1 BBQ05330.1 6
mt Stachyamoeba lipophora YP 009118157.1
Dyadobacter fermentans WP 015812435.1
Acat CAMPEP 0171156502
Tthe XP 001012903.2

bacterial energy-coupling factor transporter ATPase (8)
eukaryotic transporter family ABC domain protein (6)

100L—< bacterial ATP-binding cassette domain-containing protein (12)

9{-8-— bacterial ATP-binding cassette domain-containing protein (2)
1

100 100

bacterial ribosome-associated ATPase/putative transporter RbbA (15)

Turneriella parva WP 014802969.1
100] 100 Myxococcus WP 011554581.1 MULTISPECIES
Chlamydia pneumoniae WP 010882673.1

bacterial ATP-binding cassette domain-containing protein (10)

91
100§ 1)acterial ABC-F family ATPase (16)

Magnetococcus marinus WP 011713754.1
100 Mvir EP00899 Mesostigma viride P021832
Mvir EP00899 Mesostigma viride P021830
100 Mvir EP00899 Mesostigma viride P021829
Bnat EP00466 Bigelowiella natans P019138
Crei XP 042923661.1
Ppro GHP06747.1
00 Hand CAMPEP 0114150638
Hand CAMPEP 0172052940
9 10 P_I:Tpse XP 002288288.1
1 Ptri XP 002184351.1
100 Ptri XP 002182249.1
100 Eora Gene.22974
1007 Ctob KO022245.1
0; Ehux XP 005764977.1
Ehux XP 005765296.1
bacterial ABC-F family ATP-binding cassette domain-containing protein (3)

4 bacterial ATP-binding cassette domain-containing protein (17)

100]| 04

1o

[0.0)

i‘ bacterial ABC-F family ATP-binding cassette domain-containing protein (10)

100; Ntab XP 016495338.1
100" 1 Ntab XP 016441752.1
100] 92 L Mpol PTQ49231.1
Mvir EP00899 Mesostigma viride PO03508
Crei XP 042922056.1
Ppro GHP02482.1
Cpar tig00000949 g5734.t1
Stanieria cyanosphaera WP 015192342.1
Acaryochloris marina WP 012162459.1
Anabaena cylindrica WP 015215904 .1
Crinalium epipsammum WP 015203269.1
Gsul XP 005707224.1
Ppur TRINITY DN134 c0 g3 i1.p1
Cmer XP 005536291.1
Ctob KOO31051.1
Ehux XP 005768396.1
Bnat EP00466 Bigelowiella natans P012671
Cvel 12199.t1-p1
Acat CAMPEP 0171207416
Vbra 3749.t1-p1
Egra Gene.11943
Hand CAMPEP 0172054424
Gthe XP 005836437.1
Tpse XP 002290029.1
9 Ptri XP 0021854771

76

Qo

Q{ bacterial ABC-F family ATP-binding cassette domain-containing protein (17)

00| | Isosphaera pallida WP 013566281.1
bacterial ATP-binding cassette domain-containing protein (9)

1QQ|: Ngru XP 002677511.1
00 Ngru XP 002682657.1
88 100|r Dyadobacter fermentans WP 015814987.1
Niastella koreensis WP 014218506.1

—_—

bacterial ABC-F family ATP-binding cassette domain-containing protein (50)

Myxococcus WP 011552482.1 MULTISPECIES
100 bacterial ATP-binding cassette domain-containing protein (4)
B3 10Qr Crinalium epipsammum WP 015205023.1
1 Anabaena cylindrica WP 015215505.1
91— Acaryochloris marina WP 012165944 .1
Stanieria cyanosphaera WP 015194796.1
OE Chlorobaculum parvum WP 012501965.1

Tumebacillus flagellatus WP 038090106.1
Anaeroarcus burkinensis WP 027937831.1
Streptococcus mutans WP 002289664.1
100 Dyadobacter fermentans WP 015813514.1
Turneriella parva WP 014804826.1
Aequorivita sublithincola WP 014782931.1
Paludibacter propionicigenes WP 013446091.1
Niastella koreensis WP 0142205271
Cpar tig00001085 g6969.11
Mvir EP00899 Mesostigma viride P016613
Crei XP 042923553.1
Bnat EP00466 Bigelowiella natans PO06169
Ppro GHP08486.1
Ppur TRINITY DN1236 c0 g1 i2.p1
Cvel 5753.t11-p1
Vbra 14550.t11-p1
Tpse XP 002286667 .1
Ptri XP 002185347.1
Ctob KO025295.1
Egra Gene.22106
?00—01 bacterial energy-dependent translational throttle protein EttA (4)
1 Q< bacterial energy-dependent translational throttle protein EttA (8)
Bnat EP00466 Bigelowiella natans P014082
Crei XP 001700151.1
100/ | 100 Ppro GHP04900.1

Mpol PTQ49245.1

90 00 Mvir EP00899 Mesostigma viride P013220
Mvir EP00899 Mesostigma viride P013232
ot Cpar tig00000194 g14815.11
9h, d_o Ehux XP 005758072.1
10 Egra Gene.36492

Ptri XP 002178390.1
Tpse XP 002288927.1

lbe Cmer XP 005534938.1
‘40()& Gthe XP 005820124.1

Rsal CAMNT 0049498889 10
Hand CAMPEP 0169443854

9%{ bacterial energy-dependent translational throttle protein EHtA (24)

MAST4A scaffold923 size14665 12

MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P003488 g3488.t1
Pbra EP00473 Plasmodiophora brassicae P009296

Ehux XP 005769799.1

MAST3A EP00938 MAST-03A sp MAST-3A-sp1 P001561 g1561.t1
Croe KAA0149237 .1

Ainv XP 008870271.1

Bnat EP00466 Bigelowiella natans P020937

Mcal Malawimonas californiana 10064.mRNA.1

100; Drot EP00002 Diphylleia rotans P039305

Drot EP00002 Diphylleia rotans P039307

Acas XP 004368150.1

Ddis XP 643616.1

Vver EP00029 Vermamoeba vermiformis P011979

Cvie GILI01025892.1.p1

bacterial energy-dependent translational throttle protein EHtA (3)

Kiloniella laminariae WP 020592569.1

1

91




bacterial heme exporter protein CcmB (38)
80

Candidatus Midichloria mitochondrii WP 041185357.1

100 Wolbachia WP 010963039.1 MULTISPECIES
100 4@rnchia chaffeensis WP 006010778.1
Anaplasma centrale WP 238523296.1
Drot Icl|YP 0092455971
100, Mpol Icl|[NC 037508.1 YP 009479737.1 61
Ntab Icl[NC 006581.1 YP 173483.1 135

Andgo Icl[NC 021124.1 YP 007890512.1 48
Pbil IclINC 031832.1 YP 009317230.1 24

mt Histiona aroides YP 007890586.1
_| | mt Jakoba libera YP 007890701.1
Pame Icl|[NC 001823.1 NP 044791.1 47

mt Seculamonas ecuadoriensis YP 007890769.1

99 100 Rickettsia prowazekii WP 004597336.1
1oo—| :

Rickettsia conorii WP 010977011.1
Mvir RPFO01000702.1 899
— Orientia tsutsugamushi WP 012461340.1

—  Nqua ccmB Icl
91 | Mjak Icl|[NC 002553.1 NP 066333.1 27
97 Mcal Icl|[NC 026311.1 YP 009118115.1 38
87| Cmer Icl|[NC 000887.3 NP 059367.1 19

Atwi Icl|NC 036491.1 YP 009446463.1 47
’ bacterial heme exporter protein CcmB (16)

| 100

bacterial ABC transporter permease (40)

F— Protein: ccmB; alighment timming: ClipKIT; IQ-TREE2 best-fit model: LG+F+R5
0.50



100

100 bacterial heme lyase CcmF/NrfE family subunit (63)

100 _|:Vbra 14961.t1-p1
Cvel 17213.11-p1

100 bacterial cytochrome ¢ biogenesis protein CcsA (13)

00 bacterial cytochrome ¢ biogenesis protein CcsB (7)
Anabaena cylindrica WP 015212653.1
Acaryochloris marina WP 012162256.1

Crinalium epipsammum WP 015201329.1

Egra Gene.56418

Ppro GHP05730.1

Acat CAMPEP 0171186736

— Ppur TRINITY DN14961 c0 g1i1 1

77— Ctob JWZX01003345.1 93

— Rsal EP00961 Rhodomonas salina P255088
T Tpse XP 002297560.1

Ntab NP 054556.1

Cpar QPMI01000705.1 46

Gsul XP 005704982.1

8

—
0.50

Chlorobaculum parvum WP 012501655.1

2 bacterial cytochrome ¢ biogenesis protein CcsA/B (20)

100|: Niastella koreensis WP 014221183.1

Dyadobacter fermentans WP 015814524.1
Melioribacter roseus WP 226990987 .1
Cryptobacterium curtum WP 245526106.1
Turneriella parva WP 014803323.1
bacterial cytochrome ¢ biogenesis protein CcsA (2)
— Sphaerobacter thermophilus WP 012871892.1
PO ey bacterial cytochrome c biogenesis protein CcsA (4)
— Candidatus Midichloria mitochondrii WP 013950777.1
75 mt Histiona aroides YP 007890585.1
mt Jakoba libera YP 007890700.1
mt Seculamonas ecuadoriensis YP 007890768.1
Pame Icl|NC 001823.1 NP 044790.1 46
Andgo Icl[NC 021124.1 YP 007890513.1 49
mt Jakoba bahamiensis YP 007890628.1
mt Imasa heleensis YP 010165738.1
Atwi Icl|NC 036491.1 YP 009446462.1 46
Mjak Icl[NC 002553.1 NP 066334.1 28
Mcal Icl|[NC 026311.1 YP 009118078.1 1
Pbil Icl|NC 031832.1 YP 009317229.1 23
Mpol Icl|NC 037508.1 YP 009479738.1 62
Ntab Icl|[NC 006581.1 YP 173360.1 10
Nqua ccmC Icl

99| Cmer IclINC 000887.3 NP 059382.1 34
Gsul Icl[NC 024666.1 YP 009051209.1 12

mt Sphaerothecum destruens YP 009734653.1

Falb ccmC Icl
| 100: Ngru Icl|NC 002573.1 NP 066532.1 35
Nfow Icl|[NC 021104.1 YP 007890053.1 35

— Hmar Icl|LC515367.1 BBQ05370.1 46
99198 Drot Icl[NC 029886.1 YP 009245623.1 54
_:Cowc Icl|KC573038.1 AGE93595.1 29

B4 | 87

96 bacterial heme ABC transporter permease CcmC (49)

Protein: cemC; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+F+R8



90 Tpse XP 002297560.1
9 Ntab NP 054556.1
Cpar QPMI01000705.1 46
Gsul XP 005704982.1
Ctob JWZX01003345.1 93

Ppur TRINITY DN14961 c0 g1i1 1
Stanieria cyanosphaera WP 015191600.1
Crinalium epipsammum WP 015201329.1
Anabaena cylindrica WP 015212653.1
Acaryochloris marina WP 012162256.1

93| Cvel 17213.t1-p1
Vbra 14961.t1-p1

Ppro GHP05730.1
Acat CAMPEP 0171186736

bacterial cytochrome ¢ biogenesis proteins CcsB (2)
96 100

bacterial cytochrome ¢ biogenesis proteins CcsA (12)
Tthe XP 001021518.2

100 Ngru Icl|[NC 002573.1 NP 066539.1 42
1_0_0.|_—|: Nfow Icl|[NC 021104.1 YP 007890060.1 42
mt Stachyamoeba lipophora YP 009118159.1

100 1 Otri Icl]JUN383843.1 prot AEV66646.1 31
100lQY—Otrldl P

‘ mt Halteria grandinella YP 010049572.1
— Stromb Icl|MT471315.1 prot QPL15888.1 4
mt Ichthyophthirius multifiliis YP 004841729.1
mt Uronema marinum YP 009512662.1

mt Tetrahymena paravorax YP 740784.1
Tthe Icl|NC 003029.1 NP 149387.1 24

mt Tetrahymena malaccensis YP 740739.1
mt Tetrahymena pyriformis NP 049591.1
mt Tetrahymena pigmentosa YP 740828.1

88 Falb ccmF Icl
98 ' Gsul IclNC 024666.1 YP 009051199.1 2
_8_847 Cowc Icl|KC573038.1 AGE93635.1 69

94 mt Sphaerothecum destruens YP 009734641.1

Atwi Icl|[NC 036491.1 YP 009446461.1 45
Drot Icl[NC 029886.1 YP 009245593.1 24

Cmer Icl|NC 000887.3 NP 059365.1 17
87] 95 Mpol Icl|NC 037508.1 YP 009479740.1 64
100 Mpol PTQ44885.1
005 Ntab Icl|NC 006581.1 YP 173470.1 122
I Ntab XP 016499526.1
—— mt Imasa heleensis YP 010165739.1
ﬂm:Mjak IclINC 002553.1 NP 066351.1 45
Mecal Icl[INC 026311.1 YP 009118114.1 37
mt Jakoba bahamiensis YP 007890629.1

mt Jakoba libera YP 007890699.1
1 mt Seculamonas ecuadoriensis YP 007890781.1
10 Pame Icl|NC 001823.1 NP 044789.1 45
89 mt Histiona aroides YP 007890584.1

— Andgo Icl|[NC 021124.1 YP 007890514.1 50

Nqua ccmF Icl
Pbil Icl]NC 031832.1 YP 009317228.1 22
100 Mpol Icl|NC 037508.1 YP 009479739.1 63
100~ Ntab XP 016436548.1
‘g@tab IcIINC 006581.1 YP 173394.1 45
Ntab XP 016479174.1

Hmar Icl|LC515367.1 BBQ05371.2 47

Drot Icl|NC 029886.1 YP 009245607.1 38
Candidatus Pelagibacter ubique WP 236608331.1

100 Ehrlichia chaffeensis WP 044148441.1
1 3_0|i; Anaplasma WP 011114612.1 MULTISPECIES
Wolbachia WP 022626230.1 MULTISPECIES
86| —— Neorickettsia sennetsu WP 227028928.1
o Candidatus Midichloria mitochondrii WP 237697345.1
H00 Orientia tsutsugamushi WP 012461269.1
1d0 Mvir RPFO01000702.1 928

001 Rickettsia prowazekii WP 004598889.1
Rickettsia conorii WP 041471740.1

bacterial heme lyase CcmF/NrfE family protein (55)

-  Protein: cemF; alignment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+F+R6
0.50

8&@3 Gene.56418 EG transcript 10248 g.56418 m.56418
6

Rsal EP00961 Rhodomonas salina P255088
bacterial cytochrome c biogenesis proteins CcsB (11)
bacterial cytochrome ¢ biogenesis proteins CcsA/B (2)



100 Leishmania infantum JPCM5 XP 003392181.1
Leishmania major strain Friedlin XP 003721688.1
99 Trypanosoma brucei gambiense DAL972 XP 011777575.1
99 Trypanosoma cruzi strain CL Brener XP 817086.1
100 Angomonas deanei EPY26421.1
100 Bodo saltans CUG89458.1
99 Cvie GILI01019500.1.p1
91 — Perkinsela sp. CCAP 1560/4 KNH07005.1
Dpap DIPPA 70104.mRNA.1
——  Egra Gene.84806

- 977 Pkir IclINC 034798.1 YP 009370825.1 19
99 HBB2 Icl|AQL10453.1
100 mt Stachyamoeba lipophora YP 009118134.1
100 mt Pleurostomum flabellatum YP 010049261.1

| 100 Ngru IclINC 002573.1 NP 066506.1 9
Nfow Icl|NC 021104.1 YP 007890027.1 9

Andgo Icl|[NC 021124.1 prot YP 007890481.1 17
|7 mt Seculamonas ecuadoriensis YP 007890805.1
mt Jakoba libera YP 007890724 .1
mt Jakoba bahamiensis YP 007890656.1
Pame Icl|[NC 001823.1 NP 044755.1 11
mt Histiona aroides YP 007890550.1
80) L—— Pbra EP00473 Plasmodiophora brassicae P009538

1 Gthe NW 005434646.1 1380
97 1 Guillardia theta CCMP2712 XP 005833946.1
100 Hand CAMPEP 0114133914

Rsal EP00961 Rhodomonas salina P157876
Nqua cox11 Icl

Pico 880 3
Vbra scaffold25 2826
Vitrella brassicaformis CCMP3155 CEM04070.1
Cvel 18776.t1-p1
Acat CAMPEP 0171161800
Hema GEMP01078378.1.p1
Perkinsus marinus ATCC 50983 XP 002787660.1
Omar CAMPEP 0204485040
Toxoplasma gondii ME49 XP 002367563.2

Ccay XP 026192154.1
Acar EP00971 Amphidinium carterae P072939

Plasmodium falciparum 3D7 XP 001348895.1
100 Tetrahymena thermophila SB210 XP 001032402.1

Paramecium tetraurelia strain d4-2 XP 001428528.1

Otri ARYC01001121.1 2
Bmic XP 012647788.1

100, Theileria parva strain Muguga XP 765631.1
Tann XP 954606.1

Pbil CAMPEP 0113876680

95| Atwi GFYU01010496.1.p1
Pico 23339 6

Ustilago maydis 521 XP 011386836.1
Cryptococcus neoformans var. grubii H99 XP 012047604.1
Schizosaccharomyces pombe NP 001343002.1
Saccharomyces cerevisiae S288C NP 015193.1
Dbru XP 041138488.1
Rhizophagus irregularis XP 025176492.1
Conidiobolus coronatus NRRL 28638 KXN65093.1
80 100 Catenaria anguillulae PL171 ORZ41270.1
Wc KNES57383.1
Amac KNE66125.1
Neurospora crassa OR74A XP 956279.2
Batrachochytrium dendrobatidis JAM81 XP 006674947 .1
Spizellomyces punctatus DAOM BR117 XP 016609767.1
Fonticula alba XP 009496892.1
Nsim EP00160 Parvularia atlantis PO05798
Coemansia reversa NRRL 1564 PIA13689.1
Thecamonas trahens ATCC 50062 XP 013761383.1
991 Salpingoeca rosetta XP 004989205.1
Reticulomyxa filosa ETO21045.1
Monosiga brevicollis MX1 XP 001744352.1
Sphaeroforma arctica JP610 XP 014158156.1
Nematostella vectensis XP 001628890.2
Capsaspora owczarzaki ATCC 30864 XP 004342654.2
Drosophila melanogaster NP 723086.1
Caenorhabditis elegans NP 502547.2
Trichoplax adhaerens XP 002109752.1
Branchiostoma floridae XP 002606236.1
Danio rerio NP 001076427 .1
Xenopus tropicalis XP 002934512.1
Gallus gallus XP 001233973.2
Monodelphis domestica XP 001369110.1
10 Mus musculus NP 950173.1
10 Homo sapiens XP 016879682.1
Hsap NP 001156333.1

100

6

Hsap NP 001156334.1
TelT EP00656 Telonema subtile PO00585
Mcal Malawimonas californiana 03078.mRNA.1
Vver EP00029 Vermamoeba vermiformis P012564
Drot Icl|NC 029886.1 YP 009245606.1 37
Dictyostelium discoideum AX4 XP 636275.1
Ctob KO0O34120.1
o1 Ehux XP 005760654 .1
H | 92 Taur BLSG01000240.1 1112
-:afeteria roenbergensis KAA0150364.1
8 Maro Icl|]AP019310.1 BBH42952.1 50

j:— Bnat EP00466 Bigelowiella natans PO09060
1

—— MAST4A EP00942 MAST-04A sp MAST-4A-sp1 P007305 g7305.t1

Nannochloropsis gaditana EWM22617.1
Phaeodactylum tricornutum CCAP 1055/1 XP 002184365.1

Thalassiosira pseudonana CCMP1335 XP 002293512.1
Aureococcus anophagefferens XP 009032866.1
Ectocarpus siliculosus CBN78467.1
Phytophthora sojae XP 009516673.1
Ainv XP 008867627.1
97 Chondrus crispus XP 005715775.1
Ppur TRINITY DN2326 c1 g1 i1.p1
Cyanidioschyzon merolae strain 10D XP 005535875.1
Acanthamoeba castellanii str. Neff XP 004335469.1
Galdieria sulphuraria XP 005706970.1
Mvir EP00899 Mesostigma viride P015536
Pwic JADZLO010000012.1 616
Chlamydomonas reinhardtii XP 001700235.1
Physcomitrium patens XP 024398108.1
Mpol PTQ35596.1
Arabidopsis thaliana NP 171743.1
08 Ntab XP 016501021.1
Ntab XP 016501025.1
Ntab XP 016476478.1
Ntab XP 016476480.1
3 Cpar tig00000025 g7912.t1
‘I@icmmonas pusilla CCMP1545 XP 003058158.1
Ostreococcus tauri XP 003080420.1
Ppro GHP11631.1
Candidatus Odyssella thessalonicensis WP 010297984 .1
Candidatus Paracaedibacter symbiosus WP 032112397.1
D0 1001 Rickettsia prowazekii WP 010886260.1
9_9.|_E spotted fever group WP 004996151.1 MULTISPECIES
100 Mvir EP00899 Mesostigma viride P016962
100 Orientia tsutsugamushi WP 045912422 .1

0% Neorickettsia sennetsu WP 011451657.1
k 9 Wolbachia WP 010082343.1 MULTISPECIES
Ehrlichia chaffeensis WP 006011431.1

Anaplasma centrale WP 187286252.1

100

bacterial cytochrome ¢ oxidase assembly proteins (33)

— Protein: cox11; alignment timming: trimAl; IQ-TREE2 best-fit model: Q.pfam+R7

0.50



bacterial Sec-independent protein translocase protein TatB (52)

bacterial twin-arginine translocase TatA/TatE family subunit (3)
bacterial twin-arginine translocase TatA/TatE family subunit (2)
bacterial twin-arginine translocase TatA/TatE family subunit (3)
——————l bacterial twin-arginine translocase TatA/TatE family subunit (4)

bacterial twin-arginine translocase TatA/TatE family subunit (2)
Hmar Icl|LC515367.1 prot BBQ05358.1 34

bacterial twin-arginine translocase TatA/TatE family subunit (27)

bacterial twin-arginine translocase TatA/TatE family subunit (8)

51|:Hippea maritima WP 013681619.1

Dictyostelium discoideum AX4 Ddis XP 638397.1

98 Nicotiana tabacum sec-independent protein translocase protein TatB (9)

Mvir EP00899 Mesostigma viride P027370
100; Marchantia polymorpha Mpol PTQ34072.1
96 Marchantia polymorpha Mpol PTQ34071.1
—— Chlamydomonas reinhardtii Crei XP 042922044 .1
— Pycnococcus provasolii Ppro GHP12551.1
Cpar tig00020603 g11740.t1
Ppur TRINITY DN1114 c1 g1 i1.p1
Cyanidioschyzon merolae strain 10D Cmer XP 005535061.1
100r Nicotiana tabacum Ntab XP 016460903.1
Nicotiana tabacum Ntab XP 016511286.1
Nicotiana tabacum Ntab XP 016489889.1
Marchantia polymorpha Mpol PTQ50106.1
Ppro BNJQ01000010.1 528
Chlamydomonas reinhardtii Crei XP 001690564.1
Bnat EP00466 Bigelowiella natans P0O06915
Mvir EP00899 Mesostigma viride P022524
Cpar tig00000615 g2602.t1
Gnos EC124539.1.p1 GENE.EC124539.1
Anabaena cylindrica WP 242043158.1
Acaryochloris WP 010477319.1 MULTISPECIES
Crinalium epipsammum WP 015202296.1
Stanieria cyanosphaera WP 015191613.1
98] Crinalium epipsammum WP 015203252.1

—Er— Acaryochloris marina WP 012164724.1

100 Stanieria cyanosphaera WP 015192754 .1
Anabaena cylindrica WP 015214724 1
Cyanidioschyzon merolae strain 10D Cmer XP 005539455.1
Ppur TRINITY DN3309 c0 g1 i1.p2
Galdieria sulphuraria Gsul XP 005704886.1
Guillardia theta CCMP2712 Gthe XP 005824245.1
Hand CAMPEP 0172058804
Egra Gene.82296 EG transcript 17777 g.82296 m.82296
Egra Gene.61116 EG transcript 11467 g.61116 m.61116
Acat CAMPEP 0171196956
Emiliania huxleyi CCMP1516 Ehux XP 005785944.1
Thalassiosira pseudonana CCMP1335 Tpse XP 002287992.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002181489.1
Phaeodactylum tricornutum CCAP 1055/1 Ptri XP 002181490.1
Thalassiosira pseudonana CCMP1335 Tpse XP 002294855.1
Cvel 10999.t1-p1
Vbra 22801.t1-p1

b— bacterial twin-arginine translocase TatA/TatE family protein (2)
p bacterial twin-arginine translocase TatA/TatE family protein (6)
= bhacterial twin-arginine translocase TatA/TatE family protein (3)

1 bacterial twin-arginine translocase TatA/TatE family protein (2)
Bnat EP00466 Bigelowiella natans P020378

1

LO-
S
~
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spotted fever group WP 010977731.1 MULTISPECIES
Candidatus Paracaedibacter symbiosus WP 032112639.1
Candidatus Odyssella thessalonicensis WP 010298015.1
Candidatus Midichloria mitochondrii WP 041185395.1
mt Jakoba bahamiensis YP 007890619.1
Orientia tsutsugamushi WP 011944708.1
92| — Micavibrio aeruginosavorus WP 014102193.1

— Atwi Icl[NC 036491.1 YP 009446473.1 57
Andgo 00691.mRNA.1

94 Pbil Icl[NC 031832.1 YP 009317238.1 32
_CI__:Nqua tatA Icl
Andgo Icl|[NC 021124.1 YP 007890508.1 44
100 Pame Icl|[NC 001823.1 NP 044807.1 63
10Q|_|: mt Jakoba libera YP 007890691.1
100 mt Histiona aroides YP 007890603.1

u — mt Seculamonas ecuadoriensis YP 007890793.1
mt Proteomonas sulcata YP 009476696.1

100 Rsal transl mt contig
_|_—|jmt Storeatula NC 037452.1 YP 009476670.1 34
| mt Teleaulax amphioxeia YP 009475770.1
B85 ——— Hand Icl|[NC 010637.1 YP 001874790.1 34
mt Chroomonas placoidea YP 009476627 .1

2 Gthe Icl|[MH844545.1 QBJ06300.1 18
mt Cryptomonas curvata YP 009476736.1
mt Trachydiscus minutus YP 009237668.1
95 Cmar Icl[NC 013837.1 prot YP 003434225.1 18

Ppur tatA

08 Tpse trans mt contig
Ptri trans mt contig

MAST4A tatAIcl

80

99

bacterial twin-arginine translocase TatA/TatE family protein (30)

1 Protein: tatA; alighment timming: ClipKIT; IQ-TREE2 best-fit model: Q.pfam+R5
0.50

Myxococcus WP 011555856.1 MULTISPECIES twin-arginine translocase TatA/TatE family subunit



90- mt Phytophthora versiformis YP 010394796.1
mt Hyaloperonospora arabidopsidis YP 010394011.1
84- mt Phytophthora agathidicida YP 010117841.1
mt Bremia lactucae YP 009547906.1
mt Plasmopara viticola YP 009729759.1
mt Plasmopara halstedii YP 010394639.1
mt Peronospora tabacina YP 009178800.1
mt Peronospora belbahrii YP 010394050.1
0; mt Pseudoperonospora humuli YP 009645883.1
mt Pseudoperonospora cubensis YP 009164897 .1
mt Globisporangium ultimum YP 003734828.1
mt Phytopythium vexans YP 010395035.1
mt Pythium insidiosum YP 009167036.1
100— Ainv mt YP 009327257.1
mt Aphanomyces astaci YP 009327211.1
mt Thraustotheca clavata YP 008475392.1
mt Saprolegnia ferax YP 052894.1
mt Achlya hypogyna YP 008475364 .1
Taur Icl|AF288091.2 AAG23671.1 16

R :
mt Synura synuroidea NP 038181.1

Mbre IclINC 004309.1 NP 696978.1 15

78| 1

Pwic Icl|[MN794237.1 Q0Z41738.1 25

Noli Icl[NC 008239.1 YP 665676.1 35

mt Vischeria stellata YP 009579063.1
Reticulomyxa filosa Rfil ETO28510.1
Ppur IclINC 002007.1 NP 049317.1 24

Drot Icl|NC 029886.1 YP 009245585.1 16
Falb NW 009243182.1 20

Mjak IclINC 002553.1 NP 066348.1 42

mt Imasa heleensis YP 010165735.1
mt Paravannella minima YP 009557781.1
Cmer Icl[NC 000887.3 NP 059376.1 28

Ngru Icl[NC 002573.1 NP 066540.1 43
Nfow Icl[NC 021104.1 YP 007890061.1 43
Mver Icl|NC 008240.1 YP 665695.1 14
mt Schizocladia ischiensis YP 010032405.1
Cmar IclINC 013837.1 YP 003434230.1 23
mt Heterosigma akashiwo YP 005090308.1
mt Triparma laevis YP 009163705.1
ﬁ: Ptri Icl|HQ840789.1 ADY18522.1 25
Tpse Icl[INC 007405.1 YP 316607.1 22
100 mt Trachydiscus minutus YP 009237655.1
4@‘ mt Nannochloropsis gaditana YP 007317113.1
. mt Microchloropsis salina YP 008519359.1
Maro Icl|AP019310.1 BBH42939.1 38
4593,7 Andgo Icl[NC 021124.1 YP 007890501.1 37

79

100, Mpol Icl|NC 037508.1 YP 009479706.1 30
e Ntab Icl[NC 006581.1 YP 173481.1 133
Pbil Icl|INC 031832.1 YP 009317210.1 4
TelT tatC Icl

81— Rsal Icl|NC 002572.1 NP 066484.1 31
9 mt Storeatula NC 037452.1 YP 009476660.1 24
mt Proteomonas sulcata YP 009476693.1
mt Teleaulax amphioxeia YP 009475767 .1
88 Hand Icl[NC 010637.1 YP 001874788.1 32

mt Chroomonas placoidea YP 009476624 .1
Gthe Icl|[MH844545.1 QBJ06292.1 8
mt Cryptomonas curvata YP 009476733.1
———— MAST4A tatC Icl
83 94 mt Jakoba bahamiensis YP 007890642.1
mt Jakoba libera YP 007890756.1

mt Seculamonas ecuadoriensis YP 007890761.1
0 Pame Icl|NC 001823.1 NP 044778.1 34

mt Histiona aroides YP 007890573.1

Atwi Icl|NC 036491.1 YP 009446468.1 52
Nqua tatC Icl
llyobacter polytropus WP 013388708.1
Candidatus Midichloria mitochondrii WP 0139509171

Orientia tsutsugamushi WP 011944753.1
00, Rickettsia prowazekii WP 004599650.1
Rickettsia conorii WP 010977780.1

bacterial twin-arginine translocase subunit TatC (4)

bacterial bacterial twin-arginine translocase subunit TatC (20)

bacterial twin-arginine translocase subunit TatC (4)
bacterial twin-arginine translocase subunit TatC (2)
Reyranella massiliensis WP 245539799.1
Magnetococcus marinus WP 0117132741
Mariprofundus ferrooxydans WP 167630941.1
bacterial twin-arginine translocase subunit TatC (7)

bacterial twin-arginine translocase subunit TatC (10)

bacterial twin-arginine translocase subunit TatC (2)
bacterial twin-arginine translocase subunit TatC (8)

Isosphaera pallida WP 013566149.1

bacterial twin-arginine translocase subunit TatC (2)
Sphaerobacter thermophilus WP 012870865.1
Pycnococcus provasolii Ppro GHP01757.1
Vbra 12257 .t1-p1

Galdieria sulphuraria Gsul XP 005705028.1

Ctob JWZX01002756.1 13

Stanieria cyanosphaera WP 015193981.1
Acaryochloris marina WP 238549294.1

Anabaena cylindrica WP 015213229.1

Crinalium epipsammum WP 015204645.1

100— Acat CAMPEP 0171162840

Acar EP00971 Amphidinium carterae P118947
Cpar tig00020830 g14413.t1

940 Pycnococcus provasolii Ppro GHP12211.1
Chlamydomonas reinhardtii Crei XP 042925564.1
Egra Gene.40275

Mvir EP00899 Mesostigma viride P025880

0, Marchantia polymorpha Mpol PTQ46657.1
Marchantia polymorpha Mpol PTQ46658.1

0, Nicotiana tabacum Ntab XP 016452872.1
Nicotiana tabacum Ntab XP 016461094 .1

DO
<< bacterial twin-arginine translocase subunit TatC (20)

F— Protein: tatC; alignment timming: trimAl; IQ-TREE2 best-fit model: mtinv+F+R7

100

—

0.50

mt Sphaerothecum destruens YP 009734645.1

Pkir Icl[NC 034798.1 YP 009370844.1 38

Nsim Icl|NC 020369.1 YP 007476160.1 15

Hmar Icl|LC515367.1 BBQ05360.1 36



bacterial preprotein translocase subunit SecY (92)

Elusimicrobium minutum WP 012415563.1
Acaryochloris WP 010469295.1 MULTISPECIES
Anabaena cylindrica WP 015215929.1

100 Stanieria cyanosphaera WP 015195215.1
Crinalium epipsammum WP 015203282.1

Galdieria sulphuraria Gsul XP 005705009.1

100 100, Nicotiana tabacum Ntab XP 016469252.1
_|:| Nicotiana tabacum Ntab XP 016508201.1
99 100 Marchantia polymorpha Mpol PTQ49652.1

80 100 Pycnococcus provasolii Ppro GHP06600.1
u —| 100| Mvir EP00899 Mesostigma viride P018727
Mvir EP00899 Mesostigma viride P018728
Chlamydomonas reinhardtii Crei XP 042925772.1
Acat CAMPEP 0171197652
Acar EP00971 Amphidinium carterae P244744
10099, Nicotiana tabacum Ntab XP 016465293.1
Nicotiana tabacum Ntab XP 016449637.1

©
a0
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1 Marchantia polymorpha Mpol PTQ41669.1
Mvir EP00899 Mesostigma viride PO07169
Pycnococcus provasolii Ppro GHP03643.1
Egra Gene.32540
96 Chlamydomonas reinhardtii Crei XP 042915998.1
sl bacterial preprotein translocase subunit SecY (4)
-< bacterial preprotein translocase subunit SecY (7)
8 Rubrobacter xylanophilus WP 011565094.1
Sphaerobacter thermophilus WP 012871539.1
bacterial preprotein translocase subunit SecY (5)

Rame Icl|NP 044769.1

100
{ eukaryotic transport protein Sec61 alpha subunit (94)

F— Protein: secY; alignment timming: trimAl; IQ-TREE2 best-fit model: LG+F+R7
0.50



