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Figure S1. Flowchart of the detection and annotation of Ras superfamily protein sequences in the
RM clade. A) Initial search was performed using BLASTp against the set of predicted proteins. A
complementary tBLASTn search was performed against genome sequences; only novel sequences not
previously detected by BLASTp were retained. For rapidly evolving divergent genes (SRB, D1LIC),
hmmsearch was also used in addition to BLAST. This initial candidate set was subsequently evaluated
using the NCBI CD-Search tool. Sequences containing only non-GTPase domain(s) were
discarded. Sequences with either no detected domain(s) or those containing GTPase domain(s) were
subjected to NCBI BLASTp searches. Results were manually inspected, and only sequences with top hits
corresponding to the Ras superfamily were retained. These sequences were then preliminarily annotated
based on local BLASTp searches against our custom database composed of reference eukaryotic
proteomes from the UniProt database combined with reference datasets of Rab, Arf, and Rho families
[45, 46, 60]. B) Preliminary annotations were validated through phylogenetic analysis. In cases where
preliminary annotation was not confirmed or remained unresolved, hmmsearch and sequence logo
analyses were employed.The eumicrosporean-specific ArlEM could not be assigned to a particular
ancestral pan-eukaryotic paralog. This group likely represents a highly divergent eumicrosporean-specific
innovation of unclear origin (see the main text for details).



93.7/99

97.2/99

100/100

100/100

Homo sapiens Rab23

Rozella multimorpha Rab23

Rozella sp. PSC023 Rab23
Rozella allomycis Rab23
Malawimonas jakobiformis Rab23
Perkinsus marinus Rab23
Mastigamoeba balamuthi Rab23
Chlamydomonas reinhardtii Rab23
Rozella sp. PSC023 Rab32

Rab23

_M RabTitan

Rab32B

Naegleria gruberi Rab32a
Monosiga brevicollis Rab32a
Acanthamoeba castellanii Rab32a
Phytophthora sojae Rab32a
Rozella allomycis Rab32
Rozella sp. PSC023 Rab32A
Malawimonas jakobiformis Rab7a
Rozella multimorpha Rab7

Rozella allomycis Rab7

Rozella sp. PSC023 Rab7
Nematostella vectensis Rab7
Dictyostelium discoideum Rab7A
Micromonas pusilla Rab7
Guillardia theta Rab7

Rab32A

Rab7

1007100

98.8/98

\ RABL2

Naegleria gruberi IFT27
Phytophthora sojae IFT27
Cyanophora paradoxa IFT27
*L— Nematostella vectensis IFT27

[
97.47100 1

Rozella sp. PSC023 IFT27
Trypanosoma cruzi Rab28

99.1/100

99.1/100

97.9/99

80.4/95

98.2/99

97.1/100

82.9/95

91.7/97|

Monosiga brevicollis Rab28
Phytophthora sojae Rab28b

—— Micromonas pusilla Rab28

Rozella sp. PSC023 Rab28

96.5/96_|7 Rozella multimorpha Rab28

A Rab34

Metchnikovella incurvata Rab6
Rozella allomycis Rab6
Paramicrosporidium saccamoebae Rab6
Rhizopus oryzae Ypt6d
Rozella sp. PSC023 Rab6
Rozella multimorpha Rab6
Cyanophora paradoxa Rab6
Phytophthora sojae Rab6
Mitosporidium daphniae Rab6
Naegleria gruberi Rab6
Dictyostelium discoideum Rab6

Rab50

Rab21

A Rab24

04.6/100) Nematostella vectensis Rab20

Naegleria gruberi Rab20
Emiliania huxleyi Rab20

Rab22

Rozella allomycis Rab5a

Rozella multimorpha Rab5a
Rozella allomycis Rab5b

Rozella multimorpha Rab5b
Homo sapiens Rab5a

Rozella sp. PSC023 Rab5
Mitosporidium daphniae Rab5
Paramicrosporidium saccamoebae Rab5
Dictyostelium discoideum Rab5A
Guillardia theta Rab5b

Malawimonas jakobiformis Rab5
Selaginella moellendorffii RabF2
Paramicrosporidium saccamoebae Rab11
Amphiamblys sp. WSBS2006 Rab11
Metchnikovella incurvata Rab11
Naegleria gruberi Rab11c

Rozella sp. PSC023 Rab11
Mitosporidium daphniae Rab11
Rozella allomycis Rab11

Rozella multimorpha Rab11

Homo sapiens Rab11a

Acanthamoeba castellanii Rab11a
Thalassiosira pseudonana Rab11a
Cyanophora paradoxa Rab11

Rab4

Rab11

Rozella multimorpha Rab2

Rozella sp. PSC023 Rab2

Rozella allomycis Rab2

Dictyostelium discoideum Rab2A

Homo sapiens Rab2a

Guillardia theta Rab2

Naegleria gruberi Rab2a

Chlamydomonas reinhardtii Rab2
Rozella multimorpha Rab18
Selaginella moellendorffii RabC1

Homo sapiens Rab18

—— Phytophthora sojae Rab18
Reclinomonas americana Rab18a

Acanthamoeba castellanii Rab18

Rab2

88.4/95)|

Homo sapiens Ran

Dictyostelium
Rozella allomycis

93.5/98

o1 4/85T— Malawimonas jakobiformis Rab1a

Phytophthora sojae Ran
Selaginella moellendorffii Ran

Rozella multimorpha Ran
Rozella sp. PSC023 Ran
Mitosporidium daphniae Ran
Naegleria gruberi Ran1A

Rozella allomycis Rab18
Rozella sp. PSC023 Rab18
Paramicrosporidium saccamoebae Rab18
Mitosporidium daphniae Rab1
Metchnikovella incurvata Rab1
Amphiamblys sp. WSBS2006 Rab1
Paramicrosporidium saccamoebae Rab1
Rozella sp. PSC023 Rab1
Rozella allomycis Rab1
Rozella multimorpha Rab1
— Dictyostelium discoideum Rab1A

Rab1

- Homo sapiens Rab1a

- Guillardia theta Rab1B1

Selaginella moellendorffii RabD2b
Mastigamoeba balamuthi Rab8
Rozella allomycis Rab8
Rozella multimorpha Rab8
Arabidopsis thaliana RabE1c
Naegleria gruberi Rab8
Guillardia theta Rab8
Rozella sp. PSC023 Rab8
Rhizopus oryzae Ypt2a
Paramicrosporidium saccamoebae Rab8
Mitosporidium daphniae Rab8

98.1/100 _EAmphiamb/ys sp. WSBS2006 Rab8

Metchnikovella incurvata Rab8

discoideum RanA
Ran

Ran

Rozella allomycis Rab28

Rozella allomycis IFT27
Rozella multimorpha IFT27

Rab28

Rab6

Paramicrosporidium saccamoebae Rab20

Rab20

Rab5

Rab18

Rab8

0.1
substitutions/site

Figure S2. Phylogenetic analysis of Rab and Ran family proteins from the RM clade organisms and a
selection of other eukaryotes. The tree shown is a result of a ML analysis of a reference Rab and Ran
family dataset from Elias et al. [45] and Rab and Ran family sequences from three rozellid species and
microsporidians P. saccamoebae, M. daphniae, M. incurvata, and Amphiamblys sp. WSBS2006 (highlighted
in red), except for one incomplete and divergent Rab-like sequence from R. multimorpha (see Methods for
details). The tree was inferred using 1Q-tree with LG+I+G4 model with the ultrafast bootstrap (UFB)
algorithm and the SH-aLRT test (both 10 000 replicates, only supports = 80 for SH-aLRT and = 95 for
UFBoot are displayed). Branches representing ancestral paralogs absent from rozellids and Microsporidia
are collapsed. Note that apart from Rab and Ran family, the reference dataset contains also Rab-like
sequences RABL2 and IFT27. The paraphyly of the Rab1 group (with Rab8 nested in it) is an apparently
artificial result of the phylogenetic inference observed also in previous analyses [45]. The sequence labelled
‘Rozella sp. PSC023 Rab32”, which branches without support sister to the “RabTitan” clade, looks like a
standard Rab family protein and does not resemble RabTitans in its structure (the latter are large proteins
with long regions C-terminal to the GTPase domain lacking a C-terminal prenylation motif), so we consider it
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Figure S3. Phylogenetic analysis of Rab and Ran family proteins from the RM clade organisms.
This is an expanded version of the tree shown in Fig. 3. The tree shown is a result of a ML analysis of all
Rab and Ran family sequences from rozellids, SB-Microsporidia, metchnikovellids, and Eumicrosporea.
For details regarding the phylogenetic analysis and display conventions see the legend of Fig. 3. Note
that the assignment of two of the eumicrosporean Rab clades, the one annotated as Rab1 and Rab8 in
the tree, is not directly supported by the phylogenetic analysis and is based on other analyses described
in the main text of the paper.
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ﬁacoharomyces cerevisiae Cdc42

86.7/57 4 Candida albicans Cdc42
96.8/100 | — Phanerochaete chrysosporium Cdc42
Wallemia sebi Cdc42
89,1767 Mycosarcoma maydis Cdc42

Melampsora larici-populina Cdc42

Podila verticillata Cdc42b
_[ Podila verticillata Cdc42a
Schizosaccharomyces pombe Cdc42
Glomus intraradices Cdc42
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Phycomyces blakesleeanus Rho3a
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Schizosaccharomyces pombe Rho3
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Figure S5. Phylogenetic analysis of the Rho family from rozellids, SB-Microsporidia, and metchnikovellids. The tree shown is a result of a ML
analysis of a reference Holomycota Rho family dataset combining sequences from Elia$ and Klime$ [60], additional reference taxa outside the RM clade
(Fonticula alba, Gonapodya prolifera, and Catenaria anguillulae), and rozellids, SB-Microsporidia, and metchnikovellids. The tree was inferred using 1Q-
tree with LG+I+G4 model with the ultrafast bootstrap (UFB) algorithm and the SH-aLRT test (both 10 000 replicates). Support values = 80 for SH-aLRT

and = 95 for UFBoot are shown. The list of protein sequences from taxa other than the RM clade that were included in the analysis is available in Table
S9A.
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A) Rhol (Rho family)

Rozella allomycis Rhola KL---KKKKS-===————————————————— CSLL----
Rozella allomycis Rholb RK-——-KNKLK-====—=———————————————— CLLM----
Rozella multimorpha Rhola KK---KKGAK-—-————=====—————————— CMLL----
Rozella multimorpha Rholb KI---KKKKA-———————————————————— CLVL----
Rozella sp. PSC023 Rhol KT---RKKKA-—-———————=—-—————————— CVVL----
Paramicrosporidium saccamoebae Rhol QR---RKKSAK-S--IN-———————— (6) RRCLIQ-——---
Mitosporidium daphniae Rhol EQ---SYKPEE-RK-SSLVPTLLSPA (9) HECSMM—-—-~-~-
Amphiamblys sp. WSBS2006 Rhol TR---SLAGRFLSMFIG---FVTFRS—-———— CRTGDCSY
Metchnikovella incurvata Rhol KS-—--FASRIA-SGIAN---VFTFKA-———— CR-—==——-
Nematocida displodere Rhola GK---SATPKS-R--LR---FLW--—-—-———- CCC——-—~
Nematocida parisii Rhola QK---ETSSQK-G--FK-—--FFY-——————— CC—————-
Nematocida ironsii Rhola QK---ETSSQK-G--FK-—-FFY-——————— -
Nematocida ausubeli Rhola QK---ETSYQK-G--FK---FFY-—-—————— CE------
Spraguea lophii Rhola KK---EETQQTKSC-LS---TLF-—-—————— CCGG—---
Pseudoloma neurophilia Rhola RK---QKKEKI-SL-FQ---KIF-—-—-—==-—-—- CCKFCC--
Vavraia culicis Rhola KK---RMKEQP-NW-FK---KIF-————-——— CCGLC---
Trachipleistophora hominis Rhola KK---RIKEQP-SW-FK---RIF--—-—--——-— CCGFC---
Hamiltosporidium tvaerminnensis Rhola KS---TAKKEK-K--WY---FCF-----——- CC—————-
Edhazardia aedis Rholal RS---PKRNSN-KR-WF---FCY-————-—--- CC--———-
Edhazardia aedis Rhola?2 IF---DDNYSG-GS-GN--RFCW----———~— CC—————-
Anncaliia algerae Rhola RS---RTPSES-——--———-——- REP-——————- CCCYS (4)
Antonospora locustae Rhola KK---KQTSRR----IS---RCL-———————-— CC—————-
Vittaforma corneae Rhola SE---TLEPEE-TC-CG (4) WCR-——-—-———— CCGK-—---
Hepatospora eriocheir Rhola KM---KESTKG-GS-KG---ICG---—-—-——- CCMP----
Ecytonucleospora hepatopenaei Rhola NI---SSVDEK-GC-CG-—-——-—————————— CLFGTK--
Enterospora canceri Rhola DT---VPESKS-A--CA---CCS——-----— CLLGG---
Enterocytozoon bieneusi Rhola HT---AQDTTQ-N--GG---CCA-——————~ CLLGK---
Vairimorpha ceranae Rhola KE---SQSIDK-G--CG---LFY-————-—--- ce—————-
Vairimorpha apis Rhola KV---AENMDQ-GCFCG----LW-—-—————— CCK-——-—-
Nosema bombycis Rhola KD---GVNENA-G--CG---FCF-—-———-—-—- CC--———-
Nosema antheraeae Rhola KD---GISENA-G--CG---FCF--————-—— ce—————-
Ordospora colligata Rhola KK---IASDAG-S--CG---FLPCIG----- CCYR-—-—--
Encephalitozoon cuniculi Rhola KQ---AASDAR-S--CG---FFSCIR-—-—-—-- CCRYR---
Encephalitozoon intestinalis Rhola KQ---ATSDAE-S--CS---FLSCMK----- CCR--—-—--
Encephalitozoon romaleae Rhola KG---AASESG-P--CS---FFSCMS——-—-—-— CCHYR---
Encephalitozoon hellem Rhola KO---AVSESG-P--CS-—--LFSCMS—-—-—-—— CCRYG———
Nematocida displodere Rholb KR---KRKSKK-—==—===——mmmm - ———
Nematocida parisii Rholb SK-—-KKKDRG—=—======——————— (2) --CKTL----
Nematocida ironsii Rholb SK---KKKDRG-——————————————— (2) -——CKTL-—---
Nematocida ausubeli Rholb TK---KKKDRG-—====—————————— (2) --CKTL----
Spraguea lophii Rholb KG---AYKKKS-—-———---— KFL-—-—-—---- CC—————-
Pseudoloma neurophilia Rholb LF (7) KKKTPW----FR---KLF---—-—-—— CCA---—--
Vavraia culicis Rholb KV (7) KKKKGF----FS---SLFQR-————— ------
Trachipleistophora hominis Rholb KV (7) KKKKGF----FH---ALFQK----—- c¢e—————-
Hamiltosporidium tvaerminnensis Rholb HE---TKKGFSFKKFFE---KLF-----——- CGICK---
Anncaliia algerae Rholb DI (5) KKKRSF----ME---KFFGY-—-—-—--- CGCGK---
Antonospora locustae Rholb MV---SRKKDG----FA--KKVLRIL--TCECCKSD (7)
Vittaforma corneae Rholb SS---PKOQRGL----FR--RIFF---—-——-- CCL-----
Ecytonucleospora hepatopenaei Rholb EN---PPKHKN----FF-—-—-——————————— c¢e—————-
Enterospora canceri Rholb ES---VDTTPW----WN-—-—--—-—=————— FCCCTL----
Enterocytozoon bieneusi Rholb EK---VNKKPW----YQ-————————-—-—— CLCC------
Vairimorpha ceranae Rholb SL---KKDKSW----FK---RFLSS----FACCLIE---
Vairimorpha apis Rholb TV---HGNSHW----YD---CLL-—-—-———-- CCRSND-L
Nosema bombycis Rholb HF---KNTKGW----FS---QFLDV----FNCCSKN---
Nosema antheraeae Rholb HF---KNTKGW----FS---QFLDV----FNCCSKN---
Ordospora colligata Rholb HL---KESKSF----FG---GVWSSLC-DFICCREIN--
Encephalitozoon cuniculi Rholb QQ---KESMSF----1G---AMCASLW-NCLSCRQIN--
Encephalitozoon intestinalis Rholb YL---RENKSF----MG---RILTSLW-NFLCCRKIN--
Encephalitozoon romaleae Rholb HL---KESRSF----I1G---GILASLW-DFLCCRKIN--
Encephalitozoon hellem Rholb HQ---KESRSF----IG---RILNSLW-DFLCCQQIN--

C - predicted as palmitoylated

C - predicted as substrate for FTase by PrePS
C - predicted as substrate for FTase and GGTasel by PrePS



B) Cdc42 and Racl (Rho family)

Rozella allomycis Cdc4?2
Rozella multimorpha Cdc4?2
Rozella sp. PSC023 Cdc42

Paramicrosporidium saccamoebae Cdc42

Mitosporidium daphniae Cdc4?2
Amphiamblys sp. WSBS2006 Cdc42
Metchnikovella incurvata Cdc42

PKVGKSSK-—--~ KCTLL-——=—————=————=——
PKT-KSSR-—--- KCLLL--———---——=--——--
PT--KKGK-——-~- KCVLL-——=—————=————=——
KKAKASGNSGKSKKCLIV----———-—————-—-
PKTKKR---——-— LCSLM--———=—————————-

TQDSQRPPS (23) TAPII (70) FFSCCR-—-————
TSESKSNTK (20) GCQSL (76) FG-CCS—=—-———

Rozella allomycis Racl QPKESRKK—-—-—-—-— GEIML-—-——————————————
Rozella multimorpha Racl PKKPAKNK----- GCMLL-—-———=====——————
Rozella sp. PSC023 Racl PRRETRKK----— NCTLL-—-—————————————
Paramicrosporidium saccamoebae Racl QPVGKKGKK (9) -KCSIQ-——-———=—————————
Mitosporidium daphniae Racl TGKKKKGK-——-~ KCTIV--==————————————
Amphiamblys sp. WSBS2006 Racl SEEPEKRG----- FCRRL----FG-CCS------
Metchnikovella incurvata Racl QOSATESSSGGIVAWFKNL----FA-CCG—=————
Spraguea lophii Racl EEVVEKA-----— RCCGW-—---F--CCK-————-—
Pseudoloma neurophilia Racl NRTFKQ-————————— ML----YEYCCFCCL---
Vavraia culicis Racl DKTFIR-—-——————-- LM----FEYLCWCCV---
Trachipleistophora hominis Racl DKTFFR-————————— LM----FEYFCWCCV~---
Hamiltosporidium tvaerminnensis Racl KKRSSFFS----- SC-————-—--- FGCCCHKTAVKN
Edhazardia aedis Racla KTQKERKNL (7) ——==—————— FLRWCMCY-———-
Edhazardia aedis Raclb HSLYDS———===—————————— YG-CCLSY (17)
Anncaliia algerae Racl SLKGTKARRG-—=-==—====—=————— CCL------
Antonospora locustae Racl PSKRRRR-—==——————————— FF-CC-—————-
Vittaforma corneae Racl IVLERG------— YCRRV----FR-CC—-----—
Hepatospora eriocheir Racl KESIVEEV-==—————————————— CCPC (5)CF
Ecytonucleospora hepatopenaei Racl DDFDKNGCV----SC-——-—-—-——-—-—— CCF-—-----
Enterospora canceri Racl VVNRGVER--—--— SCCG———————— C@e————-—-—-
Enterocytozoon bieneusi Racl ONMNTRH-=-—---— QC———————=—- CCEYY-——-
Vairimorpha ceranae Racl KEYGKQ---—-—-—— KCCGL----FY-CC-——————
Vairimorpha apis Racl KILKND-—-———-- RCCGI----FN-CC————---
Nosema bombycis Racl KNGRNGYI-—---- SCCGL----FT-CC-——-————
Nosema antheraeae Racl KNGRTGYI----— SCCGL----FT-CC------—
Ordospora colligata Racl RRSRTE-—-—-——————-— SI-—-—--WLCCCKCI----
Encephalitozoon cuniculi Racl RKSKFR-—-—-=—————-— SI----WF-CCKCG----
Encephalitozoon intestinalis Racl RKSKFR-——=—————— SI----WF-CCKCG----
Encephalitozoon romaleae Racl KKSKFR-—====-—-——-— SI----WF-CCKCG----
Encephalitozoon hellem Racl KKSKFR-———===———— SM----WF-CCKCG—---

C - predicted as palmitoylated

C - predicted as substrate for FTase by PrePS
C - predicted as substrate for FTase and GGTasel by PrePS



C) Rasl, Rapl and Ral (Ras family)

Rozella allomycis Rasl REIRRHNNK---———=————--— TNPKKAK----KKKGCNLL—
Rozella allomycis Ras2 RELRRKQSK-—-——————————— NEKH---—--—- SGKFCC—-—-—--—
Rozella allomycis Ras3 KETRRIKRL-—-=-=-=—-———-— ISDKEKMTKP---KVYSCCTIL-
Rozella multimorpha Rasl SEIRSYSSS-——=-=—=————— SKPAGGE----KRRKCLIL—
Rozella multimorpha Ras3 LEVRRIREI-ANADPAASDSAKKEKESMV---RKPSCCVIL-
Rozella sp. PSC023 Rasl REIRRENKA--—-——=———=——— SNEQRPDR---RKKGCTLL--
Rozella sp. PSC023 Ras2 RAAKRMERVPAVPVS——=—————————————— KKKKCILL--
Rozella sp. PSC023 Ras3 RETRKYKSSKATASP----ATAATTATKT---SSTQCACILL
Rozella sp. PSC023 Ras4 REIQRYKGGPSGSSG (10) SSNGQQRPRPNDGRGGGCCVVL-
Paramicrosporidium saccamoebae Rasl KEIQKSRQE-————————— QOAAGEKKNAPNR-KSTGCTTM-—
Rozella allomycis Rapl FHDLVRQINQS-—-—--—-- LPEKADKKKK-—-———-—-—--— KCMI-L
Rozella multimorpha Rapl FFDLVRQINRS———---- LPDKADKKKK--—————-— KCLI-L
Rozella sp. PSC023 Rapl FFDLVRQINKS-—-—---- LPDKVDKKKK--—————-— KCTL-L
Paramicrosporidium saccamoebae Rapl FMRLVEVALKEED (30) RKDETGKQKK (8) RQKGRKCVI-Q
Mitosporidium daphniae Rapl FESITIALSASKRL----SVDTLDDKKH---QGRARRCEI-L
Metchnikovella incurvata Rapl FFGLVRKEMKK-———=====——~— RTKN---QRRGILCCIGN
Amphiamblys sp. WSBS2006 Rapl FYGLCKSLCAK-—-——=——==———— KKKA---SCSFFLCRH-F
Rozella allomycis Ral KEDEKEEDRSVFQLYITVARMIRDYKQTHPKNDSSKSLLSCEFRSCEGK
Rozella multimorpha Ral RINVEE--—-—---- IYATLLRKIIEQKLASTEVENAGNGCCTIL-—-—-——
Rozella sp. PSC023 Ral RTNVEE--—-—-—-— AYTTLMRRVRDVKGAQAEAERARHAKRCVLL-—--—
C - predicted as palmitoylated

C - predicted as substrate for FTase by PrePS

C - predicted as substrate for GTasel by PrePS

C - predicted as substrate for FTase and GGTasel by PrePS

Figure S7. Prenylation and palmitoylation of the Rho and Ras family proteins. The C-
terminal part of the multiple sequence alignments of the Rhol (A), Racl and Cdc42 (B), and
Ras, Rapl, and Ral (C) protein sequences is shown. Cysteine residues predicted to be
palmitoylated are shaded in grey. Cysteine residues predicted by the prenylation prediction
suite PrePS to be prenylated by farnesyltransferase (FTase) and/or geranylgeranyltrasferase I

are shown in a different colour according to the legend.



FTase I, GGTase I, GGTase II

Rozellida

Rozella spp.
Paramicrosporidium saccamoebae
Mitosporidium daphniae ~ SB-Microsporidia

GGTase I > ——— Amphiamblys sp. WSBS2006 ) )
GGTasell L Metchnikovella incurvata €tchnikovellida

Nematocida spp. Eumicrosporea
Spraguea lophii

Trachipleistophora hominis
FTaseI 9 9F
Vavraia culicis
Pseudoloma neurophilia
i Edhazardia aedis
FTasel . L . .
Hamiltosporidium tvaerminnensis
I: Anncaliia algerae
Antonospora locustae
Vittaforma corneae
? . .
FTase I S Hepatospora eriocheir
_|: Enterocytozoon bieneusi
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Ecytonucleospora hepatopenaei
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_|: Ordospora colligata
Encephalitozoon spp.

a

Figure S8. Loss of prenyltransferase subunits in the RM clade. The loss events were
inferred from examining the distribution of the subunit homologs in extant RM clade
members as described in the main text and mapped onto a schematic topology of the
group (the same as the one used in Fig. 4).



ENM F—Z=<C NTQ,A,.,,.W SN —_— ———>0 —_—— " e \11[0)) I = — — A — — p—— ——T7= p—— Y—S7H] N — < OO > V] ——— e zzod JE————— O S><Twy| — el
=—cwy _ ——20 _ Z<<OHlj _ Lodox  ——c  —olll}  Linoom S QN0 Lo dSernd =0t SO NS <= N =t CIKHE | S=onutit . DCHII - LN | wio<zowly | uioseZoo- OLLNOET —a—seor
==<uo 8 €I DL E €I D8 —H—>8 ——H& —=UNI8 H_I>18 T—H18 —H|8 ==HI(e voI=—8 —>38 LLIOE €&/ DLE CrOI<C8 OVHIINE U118 =30HNIE =T >HH8 <CTHIIE ——B-H>UFE —JmnHo>y] 8 ——HI(I8 Cr=L]
- | P > > B —s H_1>2 — — B H> —B Iﬂ k — =+ 1> B —B LIMWN > N
weecody LA I00 € <l M Dl cnly 02 ESDPVAMWRT ——suwz OO S=CHil MYz nJ\,\aNL_ wizowly  F—0zZilG LA L)t QWZoudh  Seoduont  CxOWk EDNKRHQST.W LLINO0)
= B JLA - LL_I> =_1IL L1L > L= =L>s I T 73 1V S 7o~ S =3 S _H LB LD _1 =_H —A=_ >=HI=L —uHSE IO L =2 L
—=— s € T e € T e CD=T]s CIO<Cs COO<Ts COWhe C s € (s ==t F—OCre F——>{lv =T (D0 € T s C T OLe COURre € T s F© (te e € T ogre == [ie © CO<C()ie —W 50
o=un; L 1 _§ L2t L 10y LB 00 LLIvaon  <olozd LLIOQ T —I<OHS ™ =><THI ™ —00 T obn T L BT L IO Sosl Al (4 DKER%.N_”_” LLIQY<00L) I EDAcff__ LLIO->
ol ——y T >—H1 F—=UL OoLHIZY | Loiziby  oldS00 —D( DEG_.ANm C 22> € <> <CIOY Ot OxcTody > DL Tl W Mellogoslnt Lo ool N =0 0H
— = P> I+ —P 1= i >k > — I = —Hli & D >R 4} =—IIH
W € T CC E D LULZ < T < T =OHI  —0M _ GMKO, s — . == . LT € T co—avw_ € T b | ZEOl | = . I m>7 < ">
ooz 8  LLES LS LLICODOME LLICCOHS LLIQYHLS MO 3 ZAUHCN 2 LIS F—OO>HES LLI=>02>18 =074 8 2 CBLNE CO=ufe reoi=—ot3 CALLIHE I+= P8 LozFOE S LLICH>UIFS KKt 8 ke LUOHOFS D>->3r s
——onn < T < T LLIXIH < T £ COIZ DX < O, _1Z00y Oy Oxnly — - et mmmcuon €T b oaadiy < WL < ol OXCIDl < = -
Lot UND—Z CUD— =UIH XIZ00H #S—F X003l BF——0 — ZH—X —Z=1 =Ll =020 Xr37)f === B—0)l { i <oyl WD opely X IO oozl IO
—Ixorior [ B x> > HAESY XD W=STH =0l > lH =—=——— —=——— —— —=_Hli =t b R o T S ' D TE N s V201 S 1%~ S 7 —l
_—— —a —a =<0 —— A LDy —=x (g —=_ | =X Nh = <CO=L oy — 1 = ==y .Al\Jl o it —=—t _— ) ——— — ) — . >
CrODOt €y €Dy €Y CI DT €I Dis U OO0 CI DI CIM DT CI DD C IV 7 C IV DY T CI D €I Y —==<~xr3 €_ D3 - NP DODHGE €D ANO s €7 s Cor 0 s € F DS
< Sy | < | < ® > F—<TO0> B0 O=— <> < > —HH O -|mv., < _D < D — — CII t W <> _|_TV,JWAE, Oy 1>y =HO¢ OO
O WGy —I 1 QD=L <ol SC0Z K_._._Qﬁ I >o>mn (DAL <CTOLS| €’ D Crl I —_— ] - . ool LA OO O ool aZ<eZ00H
—usy < Dl <= >0 LL0orH LL_05 >Rl <WULIS0 C>HR I =) LW>-IH —\ LB ___ L& 5 v =z>ou > T ! | ff o L>OLHEE Wl WOHD Iy > O A
—i=_ +—1=_1 i _H——>=>_F+——_ -|-* L =D =1 _ P = _ < OHL_ < _D)_ e —d =_H_ =< —H_} b _ & D _|.Vim_, o — i =+l H=> K —— == H =1+ _
==x_iour 'S =>—UIZF =>—F >—UZF F—<10'§ NO<C-§ ——=F LTOLL}F QSHRKATCE-M TN S C O+ S T B _ BB NS 3 =W <TI0 3 I _0HF 2000 OcT2v0r s Ol s acTUNI s HS DU oo Bl 3 Z O3
- = L > e ———( Ww I —Hl — —1.5 HH_1>2 — Y = =+l <O>Tui H_I>L WAEEST QUM >
_— wnOOXCH ZOIv #——1 <Uly Y —————— IxCryy X I EDW La & L i 2 _¢ £ ‘ = 0HD  FOMAOK:  QOLCUKNHT A Onrdel)  ooeeee=y QXUZON OO0 <X
=———on C W X x—x € W | X >0 T 00y RUM C—XH!: O<<O D“ﬁ Y x| o 2 ) LY O Scocowsn Ol 7l ) o=
., O=XZ0y  <3IZt A =—— OuZz0 =0o;  ——1, FH—uo TSKN%, te Dn._% o NOICH COZI YWOH | cwozik - wozxeyr O w00 ORI O ZUNL 2w - Owaaeily - =ool I, <QumsL ‘
S X THS W 18 008 SN (Y108 S (1@ - -—= 3 ST N e SIFHZW e <HO>r S O XYM 2 S=N0ZUElr e Lo 1=Zotro X XIS W Yre S (e MU0 Fe SXYZ0HIF S SElZU00HN © O d0Lk © e COOUQHD 3 -
— 1 L wHIs>> D b ——+ —_] — .E —l T —H=_ —) =SHNZH T —=H| = ——} o —— >t D5t DR Dl IS >3 =
———— O+ <0 /DK SAEGNEWV__N DU €/ D<TX] SAEK% I LLISCCD D<TOE —— = ‘ ! Wt MUZYEONT  OOLFOX) —— 1 LIOQIZ- Ozt NN Ol
Oulez¢ I )} =t DO DAL o<y zoey Ol ool Wwono SN, TOF>-0UW LIz i i L OWZQl  waomoaenlt ezl 2ol T oocuwhodan  <CUZL0>
—oodl B | _ =0 —— B |% - —1 o O HE o —MO=> . W o —_ |-qv o LHr it _ . — S ) SN T\ S [y —
— Ol 8 e € TS -3 o < T3 e oz OQOULCHE AWOCH e COZ04e LI OZ0Wr ® CD=3 € P[5 OIS g e e O e Onnzodlr 8 Ol e oo B rsomesnne & COZO0
L5 ] o IS ) i L5 —_I—= AL g COLL>-=d , A2 — L U_1H>) LM_._..ﬁ LD L
[Nzl — ooz <C_ULTS  <T>H[L) KAQHNﬂm 00> <O = Oy <l Wf o ow=> | ! ALIME(NK(V_W,_, <Ol —HDI SO K VILAMY_ES.TM_, = [[7[0>
=L0xoni iroowazoeny LLICZO0) EQKA? BHl <Oz LL IOk TOZ0E+  >Olll;  Oxe>ilih I Il @ IO ﬁ, LLI<COXZ0 SEADE_.E LLIOY )] LLoyQ-odl <lHLOH
r=>>-7Ht 0 o - o Oxcouony - OCUINCI | <TOCOVIDI <, XH> O s X WV = i 1 N<SRLE <TOOXH - OLesnz- i - <THYOURY o U <CIHOE>
_1>r < P - & S 4y —_fs — < = L (o « | g B8 — o F g3 O=H]i _|_V1m-m LVIA%_M-Q >4 S > by >
Z LWy O A LX) LLICO Oz LA LLco¢ LLITCH LB NG nLa #zom i LLIvOCOH LI Vﬁ L0k LB LLIOG  LLICYY
S LZO e——— QWY  LLIQW) LLIOY LLIQXCI LI iy Ok - —— I 0| <ozl Wz<ooRs  LLIO<ZY0H] LoDl A0
=H_1zZ\} i ————— 0 Q<UL KR_._MWN U< —LLI<Y". L8 F-m” - . , PASK?V,,, L€V OESJ-HLSE OO =<l  OEUHVH
=<} it OWHZoliy - o_ono> - UL O0NULK . < SDTGA%R L I CI I Too=zo i It O | e A T T VUi S oo ' S 70 T WV S L OHLT O YA
L1 1Z00y < rS Lo s H= < 8 IS S K>S 8 S ur s LVT_WHQ —J08 =58 ==l 8 —ISHIE IS MLVJ%_MH,.,_.Q —_ i< S8 DH S =<C_|
LLIZ=O0HH I DOy ——a( — (/) — () oo <>y —a () —a |} — ) =) —a0 @ <<HLDE =00 —— 00} —=F
O Z X S LLZoory < T>7 QOWZI  OUWY [ =<0 GDNTEWKQ —Z00Tt <Dl OOz COHIZI  OaZoFbbly =0T} oz U322
0>, 1 <TWQOHY OO T 2 <all/ e WAl Lt oacowzy O <G S PKRESWAV. O_UNr Ol e OO T SO
[ LIDST —1O o _SH! PR ¢ o, =y I, — B I —DH G R RO o =t IO
T b T C_ - r= CAXZHiI- & - o D o el emm— Y eE— S em— DHT1 = D,EJH [ —
DO —_ =0 LOOHIT < < | < = —\i << EJ = A — o S UDOHD
—— — -|$ —_ =2z — — W —_ N NSQT_N N_.f —_ Nf —_
—couny , { [
Oy  —a_ OO <D ol —a—  —m | _ L —E ()t —=_ )y =05y =1 — 0y . =(O0
-AYW-n —= = [ (S | = H e e L DL DL D HE I>HGE DD == JHS IS I °
O — H=— H=— =l =t = 4 LL >H =t I =Hly 4 =L k4
— — 1 1 _ - o A=HH B N i y — b e B N K D
==L ——B —J—= I = > A= —I=H A =H_1= =) =SLHeyy D S =D
|l <s/o0 =00 W™ W™ A o b Hau S ¢ OS>l e | O 2 O SH, e R
8 =8 —x_> 18 S8 F=H8 ——18 =_>118 ——H8 VT@J,. - - -8 =L OMire T—HHfe —_X_(NrS HFH>Dbls T==——"c S>Hle =H<|[e TLIKW-m —<lie ——=
o cooxzm COILL | | LD 8| CO S0y S0 2XHI =—==ocod | <O KGHNQSD% o070 < ¢ OZ¥olrlh  COWl  COHYYIX GDN%,_ OZQ
_ QTSYADEH% e I i Szl —uw—ae= 2N <TOW S0 S0 ASKDRGP.W S0P St <oyt XYOYOUH, RKSE,‘M% - LLIYQoibdelt <€
— I |1 —t H I e —  — B 0 LRI > W ——ISHHL il Pt 2
- e . L NCZ_ O OKUZoAIY . LAY LLIC00Q <wllzeriy AW S=—f_ C W DESA% o XL OOl G I QWL LKz
=rs LLIZN S =XHLUrS S lire -S 18 cworvor8 a8 LLIO( 8 L 108 O LNX]te a_luvidite wa xolits S OOl re O O¥CU-
== LLIC —_ i it e D | B ) — ()74 — —a — o V4 | Twiph T 200l  LLINZ0>
= D10 Y m I =0oouol =) LLIO0K: AEQGN@ MUNOZEt  Cuxnatlst  e<THLL) | ITZG I N (T O
oc=vrx 1= — D H=wy D B — 1 —_— D3 — B ——> WY
_|_T._wm I | —_t>) — > ) J-V; —Dt = > I =>=_IH >
TZY0I00t s DWS0 v/ OONLS -8 g Z<ol-lls e te LLIOW: %NTH.% KRN@_-% ORI S WINCZOYerrs LLNFZOLNE & & MUNKC8 COWIC> S
WZO¥YHI o<y ST 10K g WHoeodlyy D) Z<U00H] E_ T OLWCQY  IMUOCen; Ll LU  TOYZ0-
— I R — O [} L i IS Th{ S I I | ——
—=—ou LAL_1 (A =l b LIS -I-IN.a_ -I-A.- -I-|4 Ll VAETT_, LLIC.G) AnTvé_, L JIC
——weat  YOXZ0 LLIOZL- Tt >ZO  SHule WSRO Lo Ozl Lo, V_I_AGW__,_ A_._._DSKSWI T XTI
=18 >0 S =0 :8 18 UDXHrs XIS C ]88 S—0r18 S8 >N Ki[8 CONIS 8 S=r( wm N (i1 3=
Tt O] — () N — . 00 S>S<HH ——= AnSv_.%N_, i N D<) —=)
LLIN0Zy ClLH KE£ b ;o e scrr BB L_EB_N _I_LV% —k L L _E <TO:D I -I-I-D@.__:, a1
IA_._._svaR AL LI N ooy 3 L ID) T Qo) O>=>dll L0l <ol i T Y TN O Ta Wi
I ) S S W_._i_c&ISV i D) L I =_H I_E._MVW_ —I>L —Ju = LD
B 03 B LLINOOS-HIr 8 F8 S0 OO0 -8 R.% C 18 w8 C X )8 C (I3 S D“Nm% 3
<L L1_1000! | R———e oLl ool LLIOh LIVMAj_M__ <TLOZOFl oo u LoQudlt  LLIOD
[ I 40) )/ S et 0 [T LLIO o) W NZONL I Xl Ol Sl PEKRDEI@ Q<< I =Y
e O I a—( [TpTaVail, NV S e— Y | C—» 2 €3 C i —O C | € __M»
S_IX_WN =0 N L emaL<y; )1 B OO<<— SA_.GNW” /D<), )| <TO0Z0-
8 mdNDFHI8 €I LK 8 CL/<T_|S3 S <COSUHAG CI I8 €I D3 CI I8 =8 <TUDHHIS 8 /I8 €’ DS
[ am— [ — Y =) C 2 € " £ » £ » £ [ e YN em—
=L — —=1Rl —HJ = = =0 =—=HJ =l — ——H
— - oL —<H(\, ——— T —— —f —=. — —=_1=H
e _ LL_>— Ly > — — =1 LA L _>— _LIVI% L > L5 __
e Pl 2 > = 2= /DI —>)e _|_VM{. >3 e =1t —=>=
T I (S — | —_— ——=Hl = =l HISE =] —I1>
| €< —<TH. t OO0 % < >0H =1 —=2CD <> A_._.GSIKWQRVJN_ CO=—L| =—x2_CD
I s— [ e V4 o Z<O0L] ) WOIXCLT OOIl -4 ST “ I 0y —x(
—— CSAW — <O, | DS | f  ><TOFH;  =<CIH CSA% P O ——=0
S 2 e OOl R —=—T1llr TD 2 —le S NQGSE&E-W, NGDH@A,.,,-m L7 e IO AWnzedt = te te LL IO LLIOHMT
o1 I H00X Ol X SOOI LLIO(| HFOHML Sv0@l =Ioll S0l G i < AT — 1T
—LL — < _ > =><UH- L > =1Mu = =LlL) >LLH . =1L >lL_D
—_— = = —— ——— ——1 =L =>—LL | | I>-2Z0 — | —— = =1\ =L Vl; ——IL
NQ__.E,\% |- | D D <D =N >-TLLOM | L > ! Ag? T%MA_, HQSg_%_,: Pz nd() {Ah XNZL ) KNRSH%Z 07
T e o8 8 KSRm-% V32 238 D2 2 ]REW-% 2 -8 8 18 SOz 8 8 DXl 8 N<CZH e I I_W.re XA NIDre QIO D@w Q08 OUNIKIFE CIXOT
t ) —_ 3 > — »
L P> 1§ hL>Ir = = = S D@I — .Q_, [ p— W —— ¢t —E _|_v% >3 ———— I -I-I-h% TJLM —
XL o — R S0 € _ £ __ LLII <Z0)Ly < I ﬁ L] ==ty L0 O<TAH.) =00FE <Ol oo O OO Rl LIEN<H
O S [ () Rﬁ Cx»— x ). OcHZ.H P - S—or=Tr " — R x| x| _oroeo W O—Cl
L3 § 13§ 8 H=>Hz3g | 33k 18 LL_H.I8 3 SY_._.NTT-m L _ I3 LB _ 3 —= >3 3 PECIEE S i e W8 —=——1Lr8 —LL.i8 DIMEE__-% —53 LL_>—38 — L) 8 ——<3
KSATRVE —— — I C IO IO SLMVAmI LLINOO ﬁv Y — )y < OH-Q,| =—==cod ATKS% /O =X e2YH0l <TORD  ==—1tif OO WO <>
LWOZIVH €—a o—a LLIXZDy < I Ol LN ol NS () LM >0 LLICHD o S0 LLIOH <00 N =uJdr 0] AETQK;mU ITIZEYN . W (A
C D C D D /O D D <> QXN <3< < > K “TE - TE_ —r= > <> CU TN <o <O < | <> A
T DY CTDyYY OGS T T DY T < "> < > LLIKOOW GGGGG‘ DO <O T TO»¥FY T
C "R C_ "L C_ "8 o088 < O < O < 8 8 PGKC@% 8 €< T3 -8 8 8 <>z B TR € TN €I/ € T8 C TR C TR C T C T < T3
— —/—— — ___IK> |-ﬁ |-ﬁ —> o —i_) L ———— ) A == —I= —I=H —==Hli —A —P —D
J  com— " cam— " c—TT " c— " a— j  a— | es— OLLICZ)  emm— J " c— " a— | ss— | " en— " en— R a—
| D —— W, YKVSE LL ) >1L) o ] 1 !
—H == T =4 ——H == > Wﬁ —uH —1I>3H (el o =l =< DLt =_dH >SUHI0E O>Cl L ——
XOHr2 B 3 B 8 ——+—8 €38 <_>|3 —HS 3 F—=_Hl)) —~——18 —n! 3 NKW____-m —>UCH 18 F—— 18 XU 8 >V, -3 48 e -
LL_Hl BLm , _lLommv La_ > -LJ.i —lH LL_O>>) —) > Z e __ -I-lq.z.v, =1 =W {
S7Hf NDHLZ o7l DO S S—I  NWUZX LY -0Z]) 0 LI S0 OO T ZUH _@_N, DKNEQ_.SMH._R* LYz : I
=5 = } i — H__D I >FHB >0 — =< L5 D > > o {
2NN S e/ 0072 e/ e || =29 O=Y) — COZNN D —— 20 XZI00l  s=ocowra
OO0 -2 Y —oT=2 -9 e OZXIOH =) < T2 — O] 2 - -———19Q T8 ONZUire COALNNS S=corl Q -9
—7 —— S0 =7 ==—71 ~—1 QL St SO ———f  S=—orlli =
— —— 4 =—U YEd —00 | SHQTWH_A__M_. VIW{MHXM OO woourstht  OOXOFILY :
KNTQE%S_ L5 § L § B —xiorx YO oWl _._._NVLS_.ﬁ N -OHIYAD _ I ooyl OO =ML e=——eeet NCOREIUQRE  >OFZATV
H=>LL — 1 — HH I A== —_H VT_._CNym e B4y ——H ] LR —_1H = La_>/ LL_DH %Tm _|_VLTV
LUXZ00x< B B g —INUHS ODOF—>¢2 | e DUNITLS ? SLLITY) ~—11% e IXTIZA0NS C/OHIre L LN 13 MO FNLIZre F—2ZxAllli2
L § L8 B OULOH L a8 La & >Iol _C(0>-XCH] LU0z = L1 & L L WOELL DEv_.E_,"_%”
O — — — 0 ————H — /1 >4 LYI_._._DMg > — V_.EA_ QLA —I>HI
| S—e R R S— e B @ 1))\ OO0l Ul KNDGRﬁ —_— | —/— OWnZ¢l NZFC =0
L _ L8 ___ 6L __ L ___| L& __ LB __ —— ==HnzZ| 1 >0l L _ < 7o L. LAi_r =1l
C " O3 € "3 € " O3 « T3 € T3 € T3 < _TOs - 8 C I 8 € T 3 € _ T8 € F i3 € _T 3
_|_- —> n i n i _.|_LKWDW -|.- > -|- D) --l- > == -Q i _|.- > -V_I_A,, -VIWE_,”MW& -VT_TN.KA___M,
C [ LLIeNY [ { il
[ | O & £ o ¥ £ @ O O - | onZxn DJi DA. ¢ O _(f £ _(
—H! 1 B i +—= i > 1> voasow) ( ——t—oz i ==l DO =<} <l O3
HOTILS B s B & G S | - W8 UNOLETS e I HOUi S I8 - — 8 - 8 /08
>TOoNq B O —a_—— DO 00 e L LNl ey I L IS et - ==t D<)
=il — T— —_xH _KHZ> —H| —=H >LL=>0 D> _|_Vi —H H=l =FH{ ><HLZ]
LLNZe0H /> > oo =0U)H — = i =ZOxout [ Nl C ] —<¢; WOl owozowrtt  LLIQSYN
(I N2 L1 I—0TxZ0 L1 EQDm LLICH Mt L aaooyt  LUOTAE)
& F e - & 1R & QNWZILE CDZHE =—o—eeet § € T[] COXZUNILLQ
SO Z 0N e DI} =Sl =——e—t SOl
[ ST T . ] L — W by B
T <ol vl SN0 O ITovk;  <<OU:L RQ%_}_V,
I} UOXZ0) T O S 1 — Wl <Oy S0
> 'R L] R H < __H}< Ly — D¢ I=H=
LLH_I5 i —X D —H>U —
D LLiscouHSYo> | O B B N DO A0
e ~—=oc—3> i I B t AO— ) )
—— SO —_—— = T T T
e (e 2 OXO>re P C_E O C E O C T C_ T € T e
[ <V g DKSEATV —N () —W . CI O — ()] NS
I NO0zZol LLIOYZ0-] | — —l @ —] =—=Q GS%__W
LI CLLIOYZY A, | It QALY mv_“
10 I | | OO
e e «_ T2 < T2 R LIS S e = e € _T 2
—_— 104 D , —I>
H=>1= = =lu_H e BT I —=H —_HJ}|
— 0 c<o=<c=ul > 0WEG | ) —_—
—L D = —) < O=H,
o W0~ — | iro DR o ro @ W— (o =y
—H —>H, T =X T < I>HL -
L 100 LN i — ,, -|-|%Q - N
=—oc> ~Y KRH&* — 1 = >SN =00 (N e {A
o v o Ye] (=) o S S R S O T N O S O S m_ __ __.__u_ o _W o [Te] O R S e S S O S , o w“SID.QC [Te) O OD—l_..—uLKQ;(C E N S O N N N S S S

) ) ) ) ) ) ) ) o < 0 Q
~ o o ~ o o ~ o o ~— o o
Angeqoud Ayngeqoud Ayngeqoud Angeqoud

Arf1
Eumicrosporea

Arf1
Rozellida
SB-Micr

Arf1
other Eukaryotes

Arl1
Eumicrosporea

Q 0 Q
— o o
Ayngeqoud

Arl1
Rozellida
SB-Microsporidia

Arl1
other Eukaryotes

Arl2
Eumicrosporea

Arl2
Rozellida

Arl2
other Eukaryotes

Arl8
EumicrosporeaArfAr

Arl8
Rozel!ida

Arl8
other Eukaryotes

Sar1
Eumicrosporea

Sar1
Rozel!ida

Sar1
other Eukaryotes

ArlEM
Eumicrosporea

Arf6

Arl3

Arl5

Arl6

Arl13

Arl16

Arl17

Arl18

< 0 Q ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) Q9 b o < 0 o < b ) ) ) ) ) ) ) ) ) ) ) b o < b o <Q b < ) ) ) Q9 B o < B o < b o < 0 )
~— o o ~ o o ~— o o -~ o o ~ o o ~ o o ~ o o ~ o o ~ o o — o o -~ o o ~ o o ~ o o ~ o o ~ o o ~ o o ~ o o ~ o o ~ o o ~ o o ~ o o
Ayiqeqoud Aiqeqoud Ayigqeqoud Ayiqeqoud Ageqgoud Ayigqeqoud Ayigqeqoud Ayiqeqoud Angeqoud Ayiqeqoud Ayiqeqoud Aqeqoud Ayiqeqoud Ayiqeqoud Ayiqeqoud Ayiqeqoud Ayigqeqoud Ayiqeqoud Ayigqeqoud Ayiqeqoud Ayigqeqoud

SarB

Figure S9. Sequence logos of Arf family proteins. Sequence logo of putative eumicrosporean Arf1 and Arl1, Arf1 and Arl1 from rozellids, SB-Microsporidia,

and metchnikovellids and Arf1 and Arl1 from other Eukaryotes. To provide pan-eukaryotic perspective on conserved amino acid sequences, sequence logos from

the rest of ancestral pan-eukaryotic Arf family are included. For details on the sequences, see Methods and Table S12. The pink rectangle marks position where a

cysteine residue is shared between putative eumicrosporean Arl1 and Arl1 from their close relatives.
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R. allomycis Arfl = -——-————-—- MCELNISKL-F---SFFGKKEMRIL LDAAGKTTILYKL-—————---— KLGEI---VTTIPTIGENVETVE----YKNISFTVWDVGGQ
R. allomycis Arf6 = —-——————-—- MCLWEFSRIFS----GFKKPEIRLLML | LDNAGKTTILYQ-—-—--—-—-—-—— IKLKQN---IPTIPTVGENVESL----DFENIKFNVWDVGGQ
R. allomycis Arll = ———————- MGCALFSRIFS---RLFGEKEYRILILHLDNAGKTTILYRL-—---—-—-——-— QLGEV---LSTIPTIGFNMEVLQ----YKNLKFQVWDLGGQ
R. allomycis Arlz2 = —=——=————- MGLLTVIKKNRM----KEREIRILILHLDNSGKTTILKKL--—-—-——————— NN-EPIDTVSPTLGEFNIKTM----EHLNYKLNIWDVGGQ
R. allomycis Arl8 = —-—-—-——- MCLTSPCKTLFEWLKALICKREIEVITILHLONSGKTSFVNSM-—-—-—-——————— ANEEFQEISVPTVGENVRKI-—---KKGYIILRICDVGGH
R. multimorpha Arll3 = —-—-—-—---- MFSCFP-RRK---IHPTKNEIVVVVL HSGVGKSHMISTL------——-— KEGRGK--EVILPTKGFSIETVT (4) NGDSFLVKFYEIGGS
R. allomycis Arfrpl = --—-——-—- MYTLFKGLYS---LITQREEYNILIITHIDNAGKTTLLEKI-—---— KSRYSPKGGLPPEKIVPTIGLNFANI----FFKGYKLHFWDLGGQ
R. allomycis Sarl = —==————- MFILDWFRSILDFLGLSOKNAKLLELH LDNAGKTTLLHVL-—-————————— KN-SRMATLOPTLHPTSEEL----IVDSVKEFTTFDLGGH
N. displodere ArlEM = ———-————-———- M--GG-IIS-KCINRKKRSVVEFINAAGSGKTSLILGE -——-—-—-—-—-—-——-— KG-NQETSAGTVTIYEQSLI----RGNGYTIDLFDLSGN
N. parisii ArlEM = -————————————-—— MGSAISKCLNREKRSAVEILD AKDSGKKEIIKIL-————————-—— RKDKT---DVISNMYEHFTV----RGKGYSTEVYAISED
N. ironsii ArlEM MGSAIS—-—————————————- KCLNREKRSAVEIFAKDSGKKEIIKIL-—-———-—-—----- RKDKT---DVISNMYEHFTV----RGKGYSTEVYAISED
N. ausubeli ArlEM MESAIS-—-—-———————————— KCLNREKRSAVEIFPKDSGKRDIIKIL-—-——————-—-—— RKDKT---EQAVNMYEQFTV----RGKGYSTEIYAISED
S. lophii ArlEM = —————————- MVFNCCS—————--— PAIRCRMIVI| LDRPGKRRFYSKLTG-----—-—-—-———-— EHDEIENTLVKHLEQKI----EYNGLQIYLCLLDEN
P. neurophilia ArlEM = ---—-- M-—-——————- RCC-———- ESKIKSRITVLSKNNKYSTIVWQKLAKS-——-——-————-—-—-—— NDVPQ-RNSHLEKNI----YLNNLKVCLCTVDS—
V. culicis ArlEM ---MSL--—-—————- SCC———-—- KKQSRARITLLEPDTKSTNTMYTRLTKS-————-——---—-—--— TKERNTHARHLETLT----SLNSLKVSLCNVEC-
T. hominis ArlEM -—-MSI--——————-— QCC-———- TKQSRARITLL PDTKGTNMIYTRLTKS-—--—-—-—-—————-— TKGRNTHARHLETLT----TLNSLKVSLCNVEC-
H. tvaerminnensis ArlEM -------- MGQLCSDCC———=—-— KRPVCRIVILHLDEAGKMYLYSNLT---—-—-——————-—-— NKKEEHKNELVYKHDEI----KLNGMSIFLCSVLGD
E. aedis ArlEM = —---—-—— MGNIIEKCC-—————— GARKCRITILH LDVVAAKKLFEK-MA--—-—-—-—-—-—-———— KINVVDSTHVQHFSESI----KKYNVSTTLVYVPAG
A. algerae ArlEM = ——--——-- MGSICSVCL—-———--- SKKSFDISIVETDQEKRESLYKFITK------—-—-———- GHTL----KGQYQEIKL----KNYKYNYSLKVLNTD
A. locustae ArlEM = --—-—---—- MGEVYSFCY—-—————— KEKKYFLVILOIDKKFKKKVFARLTG-——————————— SEPAL-ESKSRYEEKKV----YVGGLSTIVCCLDDD
V. corneae ArlEM = —---——--- MSN-PLN-CC—-——=—=— PNOKYTIYIT-GSMEDKRIFCEKVFN-—-—-—-—————-—-—-———-— IKLRD-ISFSENLV----HFNGTSLILLVIANE
H. eriocheir ArlEM = -—--——=- MEFISD-LCFCLN-—-——— GKKKETKAFLI-GKNQYKKVFLKDFFD-—--—-—-—-—-—-——————— IEVNNEFDDFQTIPA----DINGNKITLLMHSDT
E. hepatopenaei ArlEM = -—-----—- MSFWDSCCLGCL—-=-=--- GGEPVKKTVEVIGKDEDKMWEFLEQFGINESNKGKYSTKKIKKMEQDDNSTYQEYSI----CLNSTVVIFSFVSSE
E. canceri ArlEM = —--——- MSFFQ-MCN-CC————— GEPPKKPVFII-GPDKEKKWFL-EQFG-—-—-—---—-—-——————— ITIKD-DVYQEFKA----MVNGELVLFSCLSQA
E. bieneusi ArlEM -—-MF------ GFC-NCC—==-- AEASYKPVFI-IGSDKDKEKFLDR-—---—-—-—-———————-—— LGIVTSKEQ-YQEYRY----KAGSENVVFSCLNDK
N. ceranae ArlEM = -—-—————- MENIC-SCLQ-———— KDIPKYIIS GFD-KEIKLTKFSEYVI----TFYDIELIIHAHIIT
N. apis ArlEM  ———————- MENFC-SCLD-—--— IPKRKLIISVI YY--VSNPLPKFSEHSL----VKGRYKIIIHAHIIT
N. bombycis ArlEM = ——————-—- MENFC-SCLN-———— TKKPKCIVSII NFD-PHICLSKFSEYPI-——--TYNNAEITINAHINN
N. antheraeae ArlEM = —-—-—————- MENFC-SCLN-———-— TKKQKCIVSII NFD-LQOSKLSKFSEYPI-—---TYNNAEITINAHINN
0. colligata ArlEM = -—————-——- MKWILSLCCR-———— SVRKRYAVTLL NG-KDNKNIRPFSEDVC----VVHGMELVLQSLDDD
E. cuniculi ArlEM = ——-———-—--—- MEWILSLCCG—-———-— VTRKKYIVALL GY-KEDKSLRPFSEDTC----IANGMELIFQSLDDN
E. intestinalis ArlEM = --—-——--—- MDWVLSLCCG———-— ATRKKYVVALL NY-KEDKSLRPFSEDTC----IANGMELIFQSLDDN
E. romaleae ArlEM = ——-—————- MNWVLSLCCG————— TTRKKYVITLL SY-NMDKPLRPFSEDIC----IANGMELILQSLDDN
E. hellem ArlEM  -———————- MSWIFTLCCG———--— ATRKKYVVTLL NY-KMDKSLRPFSEDTC----IANGMELILQSLDDN
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ODHTQFWKFYTEHSHLVVEFIVDI-SSKESVQQSKDVFEAFYTSYAI--QKDNIIFLLNKIDL--V-PEEARNE----LVSLFHSEFMSVVGMKKGNTOQ
ONHVNFWKEYTONCNLVVEVVNI-ASESLIEESKNVFENFFTSYGT--NKESIVFMLNGKREEETETEEEKAEKKRONILKFKEYFATISGLDKKILD
ONHVNFWKEFYTONCNLVVEVVNI-ASESLIEESKNVFENFFTSYGT--NKESIVFMLNGRRE--EETEEEKAEKNRONILKFKEYFATISGLDKKILD
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—-HDKELWSLNMRFSDGVVFIVDVDED-KLDL-—--=-—-———— ERLLKDRMDRHVVLVMCNTRNIGDC-—-————--—-—-—-— Vo= VESAKDWG---DRV
-HDKELWTLNMRFSDGVVEVVNVDDD-KLDL-—-=-—————— DRLVVDRMERHVVLVMCNTRNIGDC-——-—-—-—-—-—-—-—— V-————- VDGVKDWG---DRV
EKARNLWSVQIQNSDGIIFVVDISNE-ASYKEITEEFQRIMDVKAFTEG-MNILLLCNNGLKTDR--———=—————-— EYREVGDAIFSPFLEN---PGI
ERLVNIWNAEALHSDGVIYVVDKKES-DDSLSPIPQLEDLESNVIENGD-NFLLVVVRNGEKLTD--—-—-——————— DE----LKMVCD-FNK---EKA
LYSADISDTLTKFCQGVFFVCDLTK--QSYGEVITEFENYLSHEVKN-K-CFVIVFCYVYT--PA-——————-—-—-—— E----——- EFEQYASL---NSF
NITHELWTVHVNCANACVEFVCNPDL--ESQEHIEKTFEWQFGKKLDKQD-FCVLIIVHSKSRFTG-—————————— P-———- ILNNYNNL---KNV
GDLRDVHOMHMKMANAVIL-—----- L-RDRD-=-—————-- ENVETDK----- KTLFVRMNGKSQL--—-———————— E----——- SE-—-—---—————- N
VITDENLRNIQLEHCSHLIF-———-—-— L-TDED-—-——————— VEQFYKK-—-—-—-— PTILFLMRGVSHQ--—-—-—-—-—-———-— R-——=———- NR-—-————————— E
IDDPNVEEIHLEASVAVVVLNTTDEM-V-—-=-—-——————————————— DYRKPTFYI-YMSGKTKL-—-—-—--—-—-———— L----——- SN-—--=--=————- G
VDDPNVEELHTKACLGVVV-————— L-SEHD-———————- VPVTTNK----— PTFFIYTGGQSNQ-—-—-—-—-—————— L-——-—- SN-—-—==—————— G
LEDPNIEEEHIKNCLGVVYL----——-— SPHD---=-—-———— HPITIK----- KPVFFIYTAGESKQ-—-—-—-—-—---—-—-- I-—————- S———=-- KD---NFI
PMIKTLIGLHSSVESAVIYSMDAD-———-— SKESIGAIREYVEESEVRTKNDIVIVLCR-GSYLDN-——-——-——-—-—-—— PELDTVKQOMEFT-GNIH---DHF
PLIKSLIKLHFPVESAVIYSIDAD----- NPTSIDHARMLMDEQHIKNDD-SVTILCR-GKYLEN--—-—-—-————---— PVLQEIKDEIS-GGFH---SHL
SLIKNLINLHSKSEFASIYAINAD-———-— NKLSLESARNIMDDQERIQG-KLISVLCK-GKYLDS---—--—-—-———— PGINELKVMFQ-ETIH---DSF
SLIKNLINLHSKSEFASIYAINAD----- NKLSLESARNIMDDQERIQG-KLISVLCK-GKYLDS---—-—-—-————— PGINELKVMFQ-ETIH---DSF
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Figure S10. Multiple sequence alignment of eumicrosporean ArlIEM proteins. The alignment displayed is the comprehensive version of the

one presented in Fig. 8, including Arl[EM sequences from the full set of eumicrosporean taxa analysed. See the legend to Fig. 8 for details.
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Figure S11. Transcriptomic evidence for ArlEM gene expression. Distribution of FPKM values for all
expressed genes (FPKM >0) based on RNA-seq data from Nosema bombycis mature spores (A) and
sporoplasm (B), and from Trachipleistophora hominis (C). The generation and mapping of the RNA-seq
data onto the genome of N. bombycis and T. hominis were previously published by He et al. [148] and
Watson et al. [149], respectively. Mean FPKM values across replicates were used to generate histograms
with log-spaced bins on a log10-scaled x-axis. Vertical dashed lines indicate the median FPKM of all
expressed genes (magenta) and the FPKM value of the ArlEM gene and its variants (black, grey). In N.
bombyecis, the three lines correspond to three slightly different ArlEM versions (allelic variants or recent
gene duplications), whereas in T. hominis, a single black line marks its sole ArlEM ortholog. In all
datasets, ArlEM and its variants are expressed at above-median levels.
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Figure S12. Multiple sequence alignment of Eumicrosporea SRa protein sequences. Multiple sequence alignment of all detected eumicrosporean SRa pro-

tein sequences is shown, with the untypical SRa proteins from S. lophii and C. dikerogammari included in the last positions of the alignment. Canonical B1-2

hairpin glycine residue is highlighted in red in the consensus line. Amino acid residues forming the predicted transmembrane region in the S. lophii and C.

dikerogammari SRo protein sequences are highlighted in blue (following the results of TMHMM). The SRX domain is delimited based on comparison with

sequences reported by Schwartz and Blobel [81], and the GTPase domain is marked according to the results of the CD-search for the protein from N. parisii.



A) Jpred 4 results for the eumicrosporean with standard SRa proteins

Ndi : MSIKGVVYRVVFSRGGIVRKEEGMQPAYLAHFITEMELTPGVQTKRVRNDYISYVLGVRNIYLAVFQSRELETEIEQRLLETKERTESKHSNQKSARSEEKRPEGLFEESSEDKEERYVQTSTTDSDTEEDRTGWERWKKSKSFFDLFKQGSAITEVSIRQHLYSKNVPHELSTQLAKEIFQTKSNDVTSLPESAKVKNSIQKVIEQSMPILLPATIIKDIESVVGANKGPYVFCMVGYNGVGKSTTLSKICLWLLKNNLRLCVAACDGFRSGAVEQLKTYVDRYQSKGHAISLYEKGYGKDEASVANKATIAHARENKYDVVLIDTCGRMPSNSSSMSSLSKMIRINKPHKVIYVGEALVGNDSVEQVRIFNDYVEKACVEKSIDGIVVTKCDTVGDKVGTILGLSCTLKKPVIFIGTGQKNVDLLPFDINGLCMALYQM : Ndi
Npa : MSRERVLYSLVGTRGGIVLGERGNMPGYLESFLQKAQPFSTIKTIKIRNDRLTYSFGTSNIYLIVYKEAEIEREIEDALNEAKERIEKSENSR-------- VLYGIFNEIVGEEAGDSTTEKADASDPEEETTGWDKWKKPRNIFRLFTGKKEVNESGIQDHLLSRNIPHLLSRKIANDIMTTMKNDKSGMGETDQMRHCFKKVISEIVPTLSPGKIIEEIEVHKKNSKGPYVFCMVGVNGVGKSTTLSKLCLWILKNKYKICVAACDGFRSGAIEQLKKYVERFQARGHSIVLYEKGYKKDEASIASKAISYAKENKFDVVLIDTCGRMPGNAQSMLSLSKLIRVNKPNKIFYVGEALVGNDSIQQIKGFNESIERACVDKTIDGIVVTKCDTVDEKIGTIVSLAHTVDKPVVFIGVGQKNVDLLPFDIDNLCEALYL- : Npa
Nir : MSRERVLYSLVGTRGGIVLGERGNMPGYLESFLQKAQPFSTIKTIKIRNDRLTYSFGTSNIYLIVYKEAEIEREMEDALSEAKERIEKSENSR------ - - VLYGIFNEIAGEETDEFTTEKTDKSDPEEETTGWDKWKQPRNIFRLFTGKKEVNESAIQDHLLSRNIPHLLSRKIANDIMTTMKNDKSGMGETDQMRHCFKKVISEIVPTLSPDKIIEEIEVHKKNSKGPYVFCMVGYNGVGKSTTLSKLCLWILKNKYKICVAACDGFRSGAIEQLKKYVERFQARGHSIVLYEKGYKKDEASIASKAISYAKENKFDVVLIDTCGRMPGNAQSMLSLSKLIRVNKPNKIFYVGEALVGNDSIQQIKGFNDSIERACVDKTIDGIVVTKCDTVDEKIGTIVSLAHTVDKPVVFIGVGQKNVDLLPFDIDNLCEALYL- : Nir
Nau ¢ MNKEKVLYTLVGTRGGVVLGETGSMPAYLESFLQKMQAFSTIKSVKVRNDRITYTFGVSNIYLVVYKEAEIEKEIESAVMDAKDKTEKSEGAK- - - - - - - - VLFGIFGK-EDEDAVDCTESSQKESDTEEETTGWDRWKKPRNLLNFLTAKKEVSEKSIQDHLLTRNVPYVLSRKIACDITKVMKNEEKSMSENEKLRHGFKQVLSEIVPTLSPEKIIEEIHSHKRNGKGPYVFCMVGVYNGVGKSTTLSKLCLWILKNGFRICVGACDGFRSGAIEQLEKYVLRYQARGHAISLYEKGYKKDESSIAGKATIAHAQQHGFDVVLIDTCGRMPGNTQSMLSLSKLIRVSKPNKIFYVGEALVGNDSIEQIKGFNEYIERACVDKSIDGIVVTKCDAVDEKIGTIVGLAHTVDKPVVFIGVGQKNVDLLPFDIDSLCEALYI- : Nau
Pne R MSYELRFTKHGNVLFEQGSEPSFLKNYLEKLRDTVINRNETVQGLNVKVWSVDNEVVLMVDNQDSDNNLKKNNLRTIKDHKNNDKDHKDKNKKT - - - - - - - GKWLGDVSQLDYSSREKVPIDNLFSENNTSFFQRIKKTLSIFSLKNKNENTQLTESLIEKNVSSDIVNHILSDI----------- KNLKELKQKLKNILK----------- IKTINLNKK----- RKFALVGPNGVGKSSTLSKLCLLFLNQSKSVYVAACDTFRAGAIEQLSLYVEKLKKLNKKITLHQEGYNKEEAKVAKNAFKHSTN - - YDVMLCDTAGRI -NNKNLLDSLRKLCNLPF-DEIFYVNEALKGGTT - -DIKEWD- - - - - - - - - - FITGIIVTKLDTVDEKIGALLNYTFYSDKPLVFLCYGQSNMDIEVPNVENIIDTLIYS : Pne
Vcu : M----LLYSTIFDTHGNVHHQSGTKPPYIDSIIDTVVRNIQHGEIMVQGRNVAYRMIGKRVFMCVGDDAQIDRMAAAYQEGAGERDERSAMQKQGKKHR- - - - - - - - HWVGTERELDYSSSARTV---------- SYVPVTKSTFNLFDVKRRLFKTALLTHLLNKNVAPEVAGDVLMYA- - - - - - - - - - - ESIDDVRETMRSIVR----------- TKILGEGGG- - - VPYRVALVGTNGVGKTTTLSKLCYHFAKHDKSVYVAACDTFRAGAIEQLQTYVNRLKI -NHKIDIHQQGYNKEEWKVARSALQHGKA - - YDVILVDTAGRV - NKKPLIDSLRKLTSLGF -DDVVYVSEALKGYEK- -DVLAFD- - - - - - - - - - MVTAIIVTKIDTVDDRIGSILNLCYFSKKPVVFLGHGQSNVDLEKVDVEKVIDTLLSE : Vcu
Tho : M----LLYSTIFDLHGNVHHQSGTKPSYINNIIDTVVRNIKHGELTVQGRNVAYRTVGKKVIMCVGDDAQIERMAAEYLEDVREHYDRRAAVTKQEKRR- - - - - - - - RWGGTEKELDYSSTSRTV---------- SYVPDTKSAFNLFNIKRRVFKTALLAHLLNKNVAPEVAGDVLMYA- - --------- ESIDDVRDAMRSIIK----------- TKRLGQDAC- - -APYRVALVGTNGVGKTTTLSKLCYHFAVRDKGVYVAACDTFRAGAIEQLQTYVNRLKI -NHRVEIHQQGYNKEEWKVARSALQYGKA- - YDVILVDTAGRV - NKKPLIDSLRKLTNLGF -DDVVYVSEALKGYEK- -DVLAFD- - - - - - - - - - MVTAIIVTKIDTVDDRIGSILNLCYFSKKPVVFLGHGQSNVDLEEVDVEKVIETLLSE : Tho
Dmu R MIYTAIFTSTGNILKSKGKRPQYLSKFINNQLVNSNNSPLKIQGNYIHYIIVKDLVYLLIDSK-KIDNFSRKNVL------cncmmmmi e o - MFFNEQESLDFSIKHEKRFRSILDITN-KFYLKIFIKLNIMSSK- - - - - - SLYNQLVAKNVSIPTVERIIEELNDKYEMRKD- - ENYTFNKNEIKKLLIENIKIYEPEKLLSEIKKKKR- - - - - FVIGLVGPNGVGKSTSLSKLVYWLTNKNLKVLIVACDTFRAGAVEQLKKHAREL - - - - - GVDLYERGYGKDENQVLMSALEIARNKNYDVIVVDTSGRMHNNNKLIDQLRKMTK- - KMDHVIFVCEALVGSDGLDQLSVFSE--------- FSDSVFLTKIDSCGSKVGSVVDMA - -REVPILFFGVGQRRVDMIA-DVSEVVDLILE- : Dmu
Htv R YFCVYTKKGILRYQKGEKPGYLDEIILRVGISPIQKTLSVRGKNITVESRGSDFFLIIDSKQSFEILIEKFYCNKEDKSLNKIKQSKVRRWS- - - - - - - - EENLDAAILDYSSEKSIPYSE-SKLNTITKKFDFPRKFSLFSKKIKIEELKLSTHLVDKNVSLEISQKIVKNVYTELKQDGLEYVDQHVFKEKIGKILSNMISQINHEELLENIRKCNQKG-KIFSICFVGYNGVGKSTSLAKICCWLLQNNFKVYIAACDTFRAGAIEQLKVHVQRFKSAGYEVGLYEKGYNKSDATVAKNAIIMAKSENYDVILIDTAGRMHNKKELMISLSKLIKTNNPEHLIFVGEALVGSDSLEHLREFNRAVGEGITDKRLDSILLTKMDTVDDKIGQIVNMTVAGNCPILFLGTGQTNMDLTKIDIKTVVDSLMS- : Htv
Eae R e e T-RNFCFCFVGVNGVGKSTSLAKICCWLLQNKLRVYIAACDTFRAGAIEQLKIHVEAFKRGGYEVGFYEKGYNKDDANVAKSAILHAENNGYDVILIDTAGRMHCNKNLMQSLSKLARINPIDHYIFVGEALVGNDSLEHLKEFNKAINAGNHSKKIDSLFVTKCDTVDDKMGQIVNMCVSGESPVLFMGTGQTNMSLSIMDLDSVADSLMQ- : Eae
Alg : M----LNYFIIFNTKGVIIFEKGTAPKFRDNFITNIDINKLSGTESVRDINIFYKINGRTIYTLFTEESALDKEIKLF - - -EKPKEEVNESIEK----------------- EKDILDYSVSTIPN- - - - IEDTFEVKKPSFLRKFNLFSKEIKVSELKMKMHLINKNVAPMIAESFCNAIITDL - - EGKQTVNESEFRDKLQKIISNLMKSIYHESLIERIKEKKRSN-QIFTFCFVGLNGVGKSTSLAKICCWLLQNNLKVFIAACDTFRAGAVEQLKVQFERFKLTKKNVGFYEKGYGEHETQVCKDAVITAKKEGYDVVLIDTAGRMHTNHELMQRLKKLIKTNNPDHIIFVGEALIGSESLDHLNEFNKIVGN-VLNRPIDSLLITKVDTVDDKIGQIVNMTMAASAPVIFLGTGQKNLDLMKIDSQSVSDILMS- : Alg
Alo R R E LR RGSLVYLAFSRKNCLADAIFRY-------- ESKENAKKMHTEI------- EQKCDERDALDYSTSTVVS- - - -QEIVDMISKVIPTRSFRIFSNKIHVDDIKMKTHLISKNVDPDVAAMFCDAIRPEFHN - - -DWIGESEFKEKMRSILGRFVKSVDHSALITQIREKRKRG-RIFSMCFVGYNGYGKSTSLAKMCCWLLQHGLRVYIAACDTFRAGAVEQLRVHVQRFRAAKHNVGFYERGYNKDDAVYCRNAMSTAKNEGYDVVLVDTAGRMYNKRHLMQSLTKLIKHNMPDHIVFVGEALVGGDSLEHLREFNRAVGDGTE-RRVDSILLTKIDTVDDKIGQIVNMAVSADAPILFLGTGQSNVDLTEIDANTIASTIMS- : Alo
Vco R MHYFVIFNKKGIIEFEEGEAPTFLNSLIRTINIQQASGSRNIRDTLMEYKIEGQRIYLSFGNKPSLDEFIKKH- - - -KHKTENKQHESKGNKEI - - - - - - - - EKPVVSDTLDFSETGSNI - - - -SSTIIKTIRKADFKKAFSLFTGKVSIEQLKMIGHLIRKNVDPTFCRIITDDIISEIKSENVDMISESFFKEKVNKTLNKVIPKFDHDSFIENIKKHT - - - -GVFSICFVGVNGVGKSTTLAKIAYWLIQNGLRVYIAACDTFRAGAIEQLKVHVERFKLGGHDVGFFESGYAKDDASVAKHAIMKANSENYDVILIDTAGRMHNKEALMVSLTKLIKTSNPDHIIFVGEALIGGDSLHHIKEFNKRISEGSSGRRIDSIILTKIDTVDDKIGQVLNFTFTANSPIMFLGTGQSNTDLTIMEGKAISDILLS- : Vco
Her : MKN--NFYFIVFETSGIVKYSKGNKPIFINNFIANMDPTQLKSSLKVRDKFVEYEVRGPIVYLSVCNKPILNELLNKFDCEKNEFIEEKQSIE---------------- VKEKSELDFSVSEDTSFTTIKNIIASSVIKLQNKTFSLFTGRISLDELIILNHLIERNVTLEYANLVVNDVIAHFKYNNETRVSQDRFRDALKDSIKRLLLIRNQKDFLESINLKK- - - -GVFSICFVGPNGVGKSTTLAKISNYLLKEKFKVYIAACDTFRSGAIEQLKIHVGRFRNDGYDVGFYEGGYSKDDANVAKTAIIKAGKENNDVILIDTAGRMHNKVTLMNSLTKLIKNNDPDHIIFVGEALTGGDCLEQIQEFNKHIGKGIHNRKIDSIILTKVEAVNEKVGNILNLTLSTGIPILFLGTGQTNEDLIPYDSNSIVNLLLN- : Her
Eha : MLNQTRDYFLVFDKRGFVFYETGPAPYFLDEIIIKLDLTNIHNEKKIRDKFLETKTEGDIVYLCYSTTNHLEEFIENYKKTLKQK-----------------eommmeao - DSEPEKTFN--------- KWHERIKNKTFGIFSNKIKLSDLRIREKLVNKNIEPKYAESLIQEISGICISQDKEWIIENDFKNMCKNLFENILPSINHKNLLHEISDKKAKG-EIFSFCFVGVNGVGKSTSLAKMTRWLLQNEMSVFIAACDTFRAGAVEQLKVHVDRFVKAGQKVGFYESGYNKDDATVAKNAIEKAKLQGYDVVLIDTAGRMHANKVLMSSLSKLIRVNNPTHIIYVGEALTGNDGVDFINEFNNCISVGKEGRKINSIILTKVDTVGEKIGNVFNLTFKTKSPILFLGCGQTNADLVEMDSEQIAHLLLN- : Eha
Eca : MANHHGNYFAVFDLRGFLWHEEGTAPFYLNDFIVKMDRTKMSEKKRVRDMVAEWRIEGDLIYLAIGAKEVLDTKVEEF - --KRNR- - - - ---ccmmmmmi e - DESAVKNDQ---------- KIGRFTRKTLQLFTGKIELGELKMVEHLVDKNVTPKYAEQLADGITEQFRLSGRDWATEAELKEQTRKALQRILVKIDTVDLVAKIRNST- - - -RPFVFCFVGVYNGVGKSTSLAKMTKWLLDQRLTVFIAACDTFRAGAVEQLRVHVDRFTGAGRKVGFYESGYNKDDATVAKNATAKGAEQNYDAVLIDTAGRMHENKVLMSSLSRIVRVNKPDHIVYVGEALTGNDSLDFISEFNRSISKAIPKREIDSIILTKVDTVDEKIGQIFNLMLASSAPILFLGVGQANSDLLEMDSEQITELIL-- : Eca
Ebi : MVS--TEYFIVFGKNGFVYYEIGDAPAYLNNLIGKIDLKSVYNTKIIQDKFVEYKIQGMLIFLCISNKKNLEKFIKDYYTIYPNRNDNLN---------ccmmmmmmaa oo o - NISASKIRN---------- VSQTLFYKSFSLFTGKIHFKELKIIDHFIRMNIEIKYANILYDNIIQEFLDDKTQWINENDFRSKSKIVLSKLLPSLNHVNLINKIKETNKEG-KPFVFCFVGYNGYGKSTSVAKMTKWLLEHKLSVFIAACDTFRAGAIEQLKTYVDQFITSGYNVGFYKSGYNKDDAIVAKTAIAKAHENNYDVVLIDTAGRMHNNGMLMSSLSKIIRMNTPDHIVYVGEALTGNDSLNFVEEFNKYISNAQSGRIIDSIILTKIDTVDKKLGQIFNLTFKAQAPILFLGCGQTNSDLIEVDPDKILDLLLN- : Ebi
Vce R MSYFVVFNKRGNVLYEEGVEPSFVKNFVLSIDPNILVGSKIVRDDKIEYEIRGPLVYLSVGHKQGLHELIER- - - - - QKEKEEKKKV--------mummamoo- VSQEEKLNYSDVSVIR- - - -RNFINITTKKAFKKGFSLFSNKIHVDELKMELHLVKKNVDYNTTKILTECVINQLKEENVEYVSPDSFKKYVSTVLQKLIPSVDHKKLLKDIKNKK- - - -EAFSICFVGYNGVGKSTSLAKICYWLLENDLKVYIAACDTFRAGAVEQLKVHVDRFRQSGYSVGFYEKGYGKDDASVARTAIQIATSEKYDVILIDTAGRMHNKLSLMESLSKLIKINEPDFIVYVGEALVGVDSLDHIKEFNKFISKGSIHRKIDSLLLTKVDTVDDKIGQILNMTFTSHAPVFFLGTGQANSDLSEITSGDIVNSLLS- : Nce
Vap R e e e e R MELHLVKKNVDYEITKILTESVLNKLKEEKIEYVTQNDFKKHLTSVLLKLIPSIDHKKLLSTIKHHD- - - -KIFTFCFVGVNGYGKSTSLAKVCYWLLKNNLKVYIAACDTFRAGAVEQLKIHVERFREGGYSVGFYEKGYGKDDASVAKTAIRFASSEGYDVVLIDTAGRMHNKVSLMDSLSKLIRINEPDHIIYVGEALVGVDSLDHIKEFNNSIRKGCENKKIDSILLTKVDTVDDKIGQILNMTFSSHAPVIFLGTGQTNSDLTEIASDIIVNSLLS- : Nap
Nbo R MPYFCVFNKKGWLLQEEGIPPSYLNSVISSIDLSTLSGSRIVRDDKVEYEIRGPIIYLSVGGRKTLKEMIQD- - - - - KNEKEVKKEVIKKDVKI------- DSLQEIINPLDYSIRSSLSSPSLT - -PTHSFNSKFMRKFNLFSKEISVSDLKMELHLVKKNVDYNTTKILTDCVINELKEENLEFVTPDLFKKLMGSVLKKIIPSVNHENLLKEIKNENKKG-NIFSLCFVGYNGVGKSTSLSKVCYWFLQKGLRVYIAACDTFRAGAVEQLKVHVQRFRESNYDVGFYEKGYGKDDASVARTAILNATKENYDVILIDTAGRMHNKKTLMDSLSKLIKINNPNHIVYVGEALVGTDSLIHIEEFNKAIGKGMENRRINSIILTKVDTVDEKIGQILNMTFSSNSPVLFLGTGQTNSDLTKIDSEEIINVLMS- : Nbo
Nan R MPYFCVFNKKGWLLQEEGIPPSYLNSIISSIDLSTLSGSRIVRDDKVEYEIRGPIIYLSVGGRKALKEMIQD- - - - - KNESNVKSNV - KSNVKS -NKNEIKDQINEDINPLDYSTRSSSLPPPISNQPSLSISSKFMRKFNLFSKEISVSDLKMELHLVKKNVDYNTTKILTDCVINELKEENLEFVTPDKFKKLMGNVLKKIIPSVNHENLIKEIKNENNKG-NVFSLCFVGVNGVGKSTSLSKVCYWFLQKGLRVYIAACDTFRAGAVEQLKVHVQRFRESNYDVGFYEKGYGKDDASVARTAILNATKENYDVILIDTAGRMHNKKTLMDSLSKLIKINNPNHIVYVGEALVGTDSLIHIEEFNKAIGKGMENRRINSIILTKVDTVDEKIGQILNMTFSSNSPVLFLGTGQTNSDLTKIDSEEIINILMS- : Nan
Oco R MGYFCVFSKKGLLVHEEGNRPDNLNQMIISLDISKLGGLRKVKDQLMEYEIKGPTVYLSVSKEASLEEKIKAYLGINNEKALNLKYQKKIDREG- - - - - - - KEDVEKEDELNYSETSSVV - - - - GSFVDSFKKTAIRKAFGLFKNQIKVDELKMRTHLIGKNVSYQITNTLVESVMLELNEDGLEYVSEETFKNKLAEVLGKLIPSVDHDRMLSGIKSHK- - - - GVFSICFVGVNGVGKSTSLAKICYWLLQNGLKVYIAACDTFRAGAIEQLKTHVERFRMGGHSVGFYEKGYGKDDASVARCAVQEAQHEGYDVILIDTAGRMHNKKNLMASLTKLMRINKPNHVIYVGEALVGSDSLDHVKEFNRAVHDADESMEINSILLTKVDTVDDKIGQILDMTFTSNAPVLFLGMGQSNADLAKISSDDIVNSLMS- : 0Oco
Ecu IR MGYFCVFNKKGLVVHEEGRMPEYLNQVIASLDMSRLADSRKIRNQIMEYEIRGPLVYLSISRTPSLKAAVCDYLGESEQKQEDKKKADKGHKKR- - - - - - - REDAGDEGGLDYSTSSSVV - - - -NYFVDAVKKATVKKAFGLFKGEIDVNELKMTTHLISKNVSYQITKTLVEDIMSELAEEEIKSVSEKTFKEKMANVLSKLIPSVDHEEMLDRIRGHK- - - -GVFSICFVGVYNGVGKSTSLAKICYWLLQNKLRVYIAACDTFRAGAIEQLKTHVERFKLGGHLVGFYEKGYGKDDASVARCAIQEAQHEGYDVILIDTAGRMHNKKNLMASLTKLMKINRPDHIIYVGEALVGSDSLDHIREFNKAIRDADQSRKIDSILLTKVDTVDDRIGQILNMAFSSHAPILFLGVGQSNSDLSKIGSEDIVSSLMSD : Ecu
Ein R MGYFCVFNKRGLVIHEEGRMPEHFNQIVVSLDVSRPGGERKIRDEVMEYEIRGAIVYLSLSRTPNLKIAIDNYLNKSKEKSENKKRAWKKNKER- - - - - - - KEDIGNEEELNYSSPSSGV - - - - SNFVKVIKKATIQKAFGLFKDQIQVKELKMTTHLINKNVSYQITRTLVENVMEELSGEGLDVVSEKKFKEKMSNVLGKLIPSVDHEKMLDGIRKHK- - - - GVFSICFVGVNGVGKSTSLAKICYWLLKNKLKVYIAACDTFRAGAIEQLKTHVERFQLGGYSVGFYQKGYGKDDASVARCAIQEAQHEGYDVILIDTAGRMHNKKNLMMSLTKLMKINKPDHIIYVGEALVGSDSLEHIKEFNRAIKDADQLRNIDSILLTKVDTVDNKIGQILNMAFSSNAPILFLGVGQTNSDLSNIGSEDIVNSLMSS : Ein
Ero R MGYFCVFNKRGLVIHEEGKAPDHLNQIIASLDTSKLIGLRKIRDQVMEYEIRGPIVYLSLSRTPNLKAIIDDYLGGNKPKVEGKKKTRNSIKGR- - - - - - - KEDAGNEEELNYSTSSSGI - - - - SNLVEVIRKATVQKAFGLFKDEIQVSELKMTTHLISKNVSSQITKTLVDNITMELAEEGLESISEKAFKQKMSNVLSRLIPSVDHERMLDKIKRHK- - - - GVFSICFVGVYNGVGKSTSLAKICYWLLQNKFRVYIAACDTFRAGAIEQLRTHVERFKLGGHLVGFYEKGYGKDDASVARCAIQEAQHEGYDVILIDTAGRMHNKKNLMASLTKLIKINNPDHIIYVGEALVGSDSLDHIREFNKAIGDAGQSRKIDSILLTKVDTVDNKIGQILNMAFSSHAPILFLGVGQSNSDLSNIGSEDIVNSLMSS : Ero
Ehe R MGYFCVFNKRGLVIHEEGRAPEHLNQIITSLDTSKLIGSRKIRNQIMEYEIRGPTVYLSLSRTPNLKATIDDYLSKNEQRTESKKKLGNGAKGR- - - - - - - KEEVGNEEELDYSTSSSRI - - - - SNLVEVIRKATVQKAFGLFRDKIQVSELRMTTHLIGKNVSYQITKTLVENITMELEEEGLESVSEKIFKEKMSGVLSRLIPSVDHEKMLDRIKKHK - - - -GVFSICFVGVNGVGKSTSLAKICYWLLQNKLKVYIAACDTFRAGAIEQLKIHVERFKLGGHLVGFYEKGYGKDDASVARCAIQEAQHEGYDVILIDTAGRMHNKKNLMASLTKLIRINGPDHIIYVGEALVGSDSLDHIREFNKAIGDAGQSKRIDSILLTKVDTVDNKIGQILNMAFSSHAPILFLGVGQSNSDLSSIGSEDIVNSLMSS : Ehe
N 11-------- 21-------- 3l-------- 41-------- 51-------- 61-------- 71----v--- 8l-------- 91-------- 101------- 111------- 121------- 131------- 141------- 151------- 161------- 171------- 181------- 191------- 201------- 211------- 221------- 231------- 241------- 251------- 261------- 271------- 281------- 291------- 301------- 311------- 321------- 331------- 341------- 351------- 361------- 371------- 381------- 391------- 401------- 411------- 421------- 431------- :
OrigSeq : MSIKGVVYRVVFSRGGIVRKEEGMQPAYLAHFITEMELTPGVQTKRVRNDYISYVLGVRNIYLAVFQSRELETEIEQRLLETKERTESKHSNQKSARSEEKRPEGLFEESSEDKEERYVQTSTTDSDTEEDRTGWERWKKSKSFFDLFKQGSAITEVSIRQHLYSKNVPHELSTQLAKEIFQTKSNDVTSLPESAKVKNSIQKVIEQSMPILLPATIIKDIESVVGANKGPYVFCMVGYNGVGKSTTLSKICLWLLKNNLRLCVAACDGFRSGAVEQLKTYVDRYQSKGHAISLYEKGYGKDEASVANKATAHARENKYDVVLIDTCGRMPSNSSSMSSLSKMIRINKPHKVIYVGEALVGNDSVEQVRIFNDYVEKACVEKSIDGIVVTKCDTVGDKVGTILGLSCTLKKPVIFIGTGQKNVDLLPFDINGLCMALVQM : OrigSeq
Jnet IR .- - - - -HHHHHHHHHHH - - - - - - - - - -- - - -HHHHHHHHHHH - - - - - HHHHHHHHHH- - - - - - - - - - HHH-----ccecmcmmcmc e mcccceeae e ---HHHHHH- - - - -E-- HHHHHHHHH - - - - - HHHHHHHHHHHHHHHHH - - - - - - - HHHHHHHHHHHHHHHH - - - - - HHHHHHHHH- - - - - - -EEEEEEE-------- HHHHHHHHHHHH - - - EEEEEE------- HHHHHHHHHHHHHH - - - -EEEE----- - HHHHHHHHHHHHHHH - - - EEEEEE--------- HHHHHHHHHH - - - - - - - --EE----- HHHHHHHHHHHH - - - - - - - - - - - -HHHHHHHHHHH - - - - -EEEEE----------- HHHHHHHHHH-- : Jnet
jhmm R ---- - - - -HHHHHHHHHHH - - - - - - - - -- - -HHHHHHHHHHH - - - - - HHH- - === - mo - - HHH----------EEE---mmmiama o HHHHHHHH- - - - - - - - HHHHHHHHHH - - - - HHHHHHHHHHHHHHHHH - - - - - HHHHHHHHHHHHHHHHHH - - - - - HHHHHHHHH- - - - - - -EEEEEEE-------- HHHHHHHHHHHH - - - EEEEEE------ - HHHHHHHHHHHHHH - - - -EEEE--- - - - HHHHHHHHHHHHHHH - - - EEEEEE--------- HHHHHHHHHH - - - - - - - --EE----- HHHHHHHHHHH - - - - - - - - - - - - -HHHHHHHHHHHH - - - -EEEEE-- === oo - HHHHHHHHH- - : jhmm
jpssm R ----EEEEE----- HHHHHHHHH- - - - - - - - -- -- - - -HHHHHHHHHHHH - - - -HHHHHHHHHHHH - - - - - - - - - L R e o HHHHHHHHH - - - - - HHHHHHHHHHHHHHHH - - - - - - - - HHHHHHHHHHHHHHH - - - - - HHHHHHHHHH - - - - - - -EEEEEEE--------- HHHHHHHHHHH - - -EEEEEE- - - - - HHHHHHHHHHHHHHHH - - - - -EEE------ - HHHHHHHHHHHHH - - - - -EEEEE-------- HHHHHHHHHHH - - - - - - -EEEEE-------- HHHHHHHHHHHH - - - - - - HHHHHHHHHHHH - - - - - - - -EEEEEE--- - - - HHHHHHHHHHHH- - @ jpssm
Lupas 14 HE e e e e e e e e e e e e e e e : Lupas 14
Lupas 21 L R R R : Lupas 21
Lupas 28 e e e L L e e D e R R : Lupas 28
Jnet_25 Pomeee- BBBBBBB- - -BBBBB--B--B-BB--BB--B-B-------- B---BB-B-B----BBBBBB----B--BB--B----------------------- BB--B---B------- BB------ B------ B----B----- BB-BB-----B--B-BB--BB---B-B-BB--BB-BBB--B------ B----- B---B--BB--BB--B----BB--B--------- BBBBBBBBB-B-B- -BBBBBBBBBBB- - -B-BBBBBBBBBBBBBB-BB--BB--B------ B-BB--BB----B-BB--BB--B----BBBBBBBBBB-B----- BB--B--BB-B--B-BBBBBBBBB----BB--B-BBB-BB--B----- BBBBBBBBBBBB- - -BB-BBBBBB-B- -BBBBBBBBB- -B-BB-BBB--BB-BBB-- : Jnet_25
Jnet 5 H B-BBB---B-B---------- B--BB-------------o-o B-------- BBBBB- - - - - R e e B---B--------- B--BB--B---------------- B---B---B----------- B---B--------- BB-BBBBB--------- BB-BB--BB----- BBBBBB- - - - - - B---B---B--B-------- B----------- BB--BB--B------ BBBBBBB------------ B--B-------- BBBBB-B--------- B--B---B---------- BBBBB-B--B---B--BB-BB------ BBBBB------- B------- BB--B--- : Jnet 5
Jnet_0 R e R R R e R R b B------ B------omiiea- B--com e B-----miiee- BB--B------ B-B--------- R e L LR T LT BB------cimi i B------------ B----omeiie i BB--------mieei - BB----------co-o--- B------- : Jnet 0
Jnet Rel 1 99950899998658707898447871466777654267888751788610489998556589984171689999999861688568942234422301233210010035677777710177776776777521044011012443055431112268888861188746899999999999985168887317899999999999851478628999998740578884588888437788765348999999874597388885067543078999999999985278814642678761289999999998507872788744778876418999999885168887447760211577637899988688712788601114677631223237777652431388845888715888621120289999987359 : Jnet Rel

B) Jpred 4 results for the S. lophii SRa protein

N 11-------- 21-------- 31-------- 41-------- 51-------- 61-------- 71-------- 8l-------- 91-------- 101------- 111------- 121------- 131------- 141------- 151------- 161------- 171------- 181------- 191------- 201------- 211------- 221------- 231------- 241------- 251------- 261------- 271------- 281------- 291------- 301------- 311------- 321------- 331------- 341------- 351------- 361------- 371------- 381------- 391------- 401------- 411------- 421------- 431------- 441------- 451------- 461- -
OrigSeq : MFTCTIITDSSDITTIEQSTGTPPPFFNSFISNTSFNNIFDQQIKQVQDYHILIYKNKSKYNIIISKDINDLKHKDTIDKKKKDKIQKTKNKEKKRQWIGDEKELNFSDINIKEKKERKHKEKVIEEKIHSKIIRNIKNVFLKNIFVIFIMQIFSFLKKIRFNRKYNITINALETKLIEKNLSLNIVSKLLYDYYNKPINNNTNTSTSIIDKVISYNIKKNNLQEYLTYNISKIIKRYESDILVDNILNSTKPYVISFIGINGVGKTTTLGKIITFLKSKIENLDIIVGGCDTFRSGAIEQLQLICDNKNVELYHRGYNKDDSKIVAETINYAKKKNIKNTNDNNIEKDKRNTVVLIDTAGRMHTKHHLMQSLGKIYENNIIDHTIFVSEALIGNEGINVVKEFSKVVKIDSLVITKIDTVGNKIGHIVNLTATVDVPVLFIGTGQSSKDIEEINVEWIVDRLVE : OrigSeq
Jnet R - = e LR R LT TR HHHHHHHHHH- - - - -EEEE- - = - -EEEEE-- === == c e mmme i m e e e e i e i e e e e HHHHHHHHHHHHHHHHHHHHH - - - - - - HHHHHHHHHHHHHH - - - - HHHHHHHHHHHHHHHHH - - - - - - - - - HHHHHHHH - -HHHHHHHHHHHHHH - - - - - - - - - - - - - - - - - - - -EEEEEEE------- HHHHHHHHHHHHH - - - -EEEEEE--- - - HHHHHHHHHHHHH - - - -EE------- HHHHHHHHHHHHHH - - -HHHHHHHHHHH - - - -EEEEE------- HHHHHHHHHHHHH - - - - - -EEEE-- - - - - HHHHHHHHHHH - - - - - -EEEEEE-------- HHHHHHHHH - - - -EEEEE------------ HHHHHHHH- - : Jnet
jhmm e T TR HHHHHHHHHHH - - - - S e e e LR HHHHHHHHHHHHHHHHHH - - - - - - - HHHHHHHHHHHHHH - - - - HHHHHHHHHHHHHHHHH - - - - - - - - - HHHHHHHHH - HHHHHHHHHHHHHHH - - - - - - = - = - - - - - - - - - - EEEEEEE- - - - - - HHHHHHHHHHHHHH - - - - EEEEEE- - - - - HHHHHHHHHHHHH - - - EEEE - - - - - - HHHHHHHHHHHHHH - - -HHHHHHHHHHH - - - EEEEEE- - - - - - - - HHHHHHHHHHH- - - - - - -EEEEE-- - - - HHHHHHHHHH - - - - - - -EEEEEE-------- HHHHHHHHH- - - - EEEEE- - - - oo oo - - HHHHHHHH-- @ jhmm
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Legend

Secondary structure code:
alpha helix ('H")

beta sheet ('E')

not H or E (*-')

Colour code for alignment:

Blue - Complete identity at a position

Shades of red - The more red a position is, the higher the level of
conservation of chemical properties of the amino acids

Jnet - Final secondary structure prediction for query

jalign - Jnet alignment prediction

jnmm - Jnet hmm profile prediction

jpssm - Jnet PSIBLAST pssm profile prediction

Lupas - Lupas Coil prediction (window size of 14, 21 and 28)

Note on coiled coil predictions - = less than 50% probability
¢ = between 50% and 90% probability
C = greater than 90% probability

Jnet_25 - Jnet prediction of burial, less than 25% solvent accesibility

Jnet_5 - Jnet prediction of burial, less than 5% exposure

Jnet_0 - Jnet prediction of burial, 0% exposure

Jnet Rel - Jnet reliability of prediction accuracy, ranges from 0 to 9, bigger is better.

Figure S13. Secondary structure of eumicrosporean SRa protein sequences. Results of the secondary structure prediction by the program JPred 4 are shown for SRa proteins from all
Eumicrosporea except for S. lophii and C. dikerogammari (A) and for S. lophii (B) and C. dikerogammari (C). The legend is provided at the bottom part of the figure.
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Figure S14. Phylogenetic analysis of the Ras family GTPases from the RM clade. The tree shown is
a result of a ML analysis of reference Ras family sequences from ten outgroup Holomycota species (see
Table S9B, sequences with corrected protein models or with protein model created de novo are denoted
by * and **, respectively), R. allomycis, R. multimorpha, Rozella sp. PSC023, P. saccamoebae, M.
daphniae, M. incurvata, and Amphiamblys WSBS2006 sp. The tree was inferred using IQ-tree with
LG+I+G4 model with the ultrafast bootstrap (UFB) algorithm and the SH-aLRT test (both 10 000
replicates, only support values = 80 for SH-aLRT and = 95 for UFBoot are shown).
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Figure S15. Phylogenetic analysis of Ga protein sequences from rozellids, SB-Microsporidia, and
metchnikovellids. The tree shown is a result of a ML analysis of reference Ga protein sequences from
eleven Holomycota species (see Table S9C, sequences with corrected protein models or with protein
model created de novo are denoted by * and **, respectively), R. allomycis, R. multimorpha, Rozella sp.
PSCO023, P. saccamoebae, M. daphniae, M. incurvata, and Amphiamblys sp. WSBS2006 The tree was
inferred using 1Q-tree with Q.yeast+F+I+G4 model with the ultrafast bootstrap (UFB) algorithm and the
SH-aLRT test (both 10 000 replicates, only support values = 80 for SH-aLRT and = 95 for UFBoot are
shown). The fungi-specific subgroup Gna-2 is delineated within the Gpa1 group (see Methods for
detailed information).
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Figure S16. Phylogenetic analysis of Arf family sequences from rozellids, SB-Microsporidia,
and metchnikovellids. The tree shown is a result of a ML analysis of a set of Holomycota Arf family
sequences from Vargova et al. [46] and Arf family sequences from R. allomycis, R. multimorpha,
Rozella sp. PSC023, P. saccamoebae, M. daphniae, M. incurvata, and Amphiamblys sp. WSBS2006
The tree was inferred using 1Q-tree with LG+I+G4 model with the ultrafast bootstrap (UFB) algorithm
and the SH-aLRT test (both 10 000 replicates, only support values = 80 for SH-aLRT and = 95 for

UFBoot are shown).



