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Supplementary Figure S1. Molecular phylogeny of FAD linked oxidase. Three copies of this
gene exist in Physcomitrella, two of which (Genbank GI numbers 168012414, 168045341) group
within bacterial sequences (upper part of the tree); the other copy (Genbank GI number

168012432) of this gene is a mitochondrial precursor in several other eukaryotes.
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Supplementary Figure S2. Molecular phylogeny of phosphoenolpyruvate carboxylase
(PEPCase). Physcomitrella sequence (Genbank GI number 168029489) forms a highly supported
clade with proteobacterial homologs. Another gene copy in Physcomitrella (Genbank GI number
168044057) groups with homologs from green plants, red algae and other eukaryotes. In
Arabidopsis, this copy is annotated as phosphoenolpyruvate carboxylase 2 (ATPPC2) and is
targeted to chloroplasts. Some of other eukaryotic sequences are predicted by TargetP to be

mitochondrial precursors, indicating likely mitochondrial origin.
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Supplementary Figure S3. Molecular phylogeny of arginase. Physcomitrella sequence
(Genbank GI number 168024860) forms a highly supported clade with homologs from other land
plants and bacteria. Their relationship is supported by several conserved amino acid residues and
shared indels. Several other eukaryotic sequences form another clade with bacterial homologs.
Some of these eukaryotic sequences were predicted by TargetP to be mitochondrial precursors,

indicating that they are likely derived from mitochondria.
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Supplementary Figure S4. Molecular phylogeny of YUCCA flavin monooxygenase
(YUCCA3). Physcomitrella sequences (Genbank GI numbers 168013839, 168007310,

168038243, 168047840, 168059684) form a highly supported clade with other land plant and
bacterial homologs. Naegleria sequence forms a clade with cyanobacterial homologs, which in
turn is related to other bacterial homologs. The relationship of the two major sequence clades

depicted in this gene tree is also supported by multiple conserved amino acid residues and shared

indels.
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Supplementary Figure S5. Molecular phylogeny of glutamate-cysteine ligase (GCL).
Identifiable homologs were only found in green plants and bacteria. Physcomitrella sequences
(Genbank GI numbers 168009654, 168067242, 168052608) form a monophyletic group with
green plant and proteobacterial homologs. No cyanobacterial homologs were found, indicating

that this gene family in green plants is unlikely of plastid (cyanobacterial) origin.
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Supplementary Figure S6.
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Multiple protein sequence alignment (A) and molecular

phylogeny of guanine deaminase (B). Physcomitrella sequence (Genbank GI number
168025229) has 55-68% identity with alpha-proteobacterial homologs. Several other eukaryotic
sequences group with bacterial homologs. Some of these eukaryotic sequences are predicted by
TargetP to be mitochondrial precursors, indicating likely mitochondrial origin. The highly
supported clades on the phylogenetic tree are also supported by several conserved amino acid

residues and shared indels.
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Supplementary Figure S7. Phylogenetic analyses of allantoate amidohydrolase (AAH) and
ureidoglycolate amidohydrolase. Identifiable homologs of Physcomitrella AAH (upper part of the
tree; Genbank GI numbers 167997139, 168064079) are only found in green plants and bacteria.
Physcomitrella ureidoglycolate amidohydrolase sequence (lower part of the tree; Genbank GI number
168010247) forms a highly supported clade with homologs from green plants and bacteria. The

relationship of these two gene families is supported by multiple conserved amino acid residues.
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Supplementary Figure S8. Molecular phylogeny of glutamine synthetase. Physcomitrella
sequence (Genbank GI numbers 168040136) has 59-61% identity with homologs of bacterial
Runella, Dyadobacter, and Meiothermus. These sequences form a highly supported clade. Several
other eukaryotic sequences group with miscellaneous bacterial homologs. Some of these
eukaryotic sequences are predicted by TargetP to be mitochondrial precursors, indicating a likely

mitochondrial or alpha-preoteobacteria origin.
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Supplementary Figure S9. Multiple protein sequence alignment (A) and molecular
phylogeny of toprim domain-containing protein. Physcomitrella sequence (Genbank GI
number 168040643) forms a clade with green plant and bacterial homologs. Other eukaryotic
sequences form another clade. Some of these other eukaryotic sequences are predicted to
mitochondrial precursors by TargetP, indicating likely mitochondrial origin. The closer
relationship between green plant sequence and bacterial homologs is also supported by multiple

shared indels.
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Supplementary Figure S10. Multiple protein sequence alignment (A) and molecular
phylogeny of DNA topoisomerase I (B). Physcomitrella sequence (Genbank GI number
168037859) forms a clade with homologs from green plants and alpha-proteobacteria. Identifiable
homologs were only found in green plants and bacteria. Highly supported clades on the
phylogenetic tree are also supported by several conserved amino acid residues and shared indels.
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Supplementary Figure S11. Molecular phylogeny of phage/plasmid primase, P4 family.
Identifiable homologs of moss sequences are only found in viruses and bacteria. Physcomitrella
sequences (Genbank GI numbers 168026035, 168057313, 168032336, 168009191, 168041210)

form a highly supported clade with viral homologs.
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Supplementary Figure S12. Molecular phylogeny of DNA repair family protein.

Physcomitrella sequence (Genbank GI numbers 168044851) has 50% identity with fungal

homologs, and they form a highly supported clade. Several other eukaryotic sequences group with

bacterial homologs. Some of these eukaryotic sequences are predicted by TargetP to be

mitochondrial precursors, indicating a likely mitochondrial origin.
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Supplementary Supplementary Figure S13. Multiple protein sequence alignment (A) and
molecular phylogeny of 3, 4-dihydroxy-2-butanone 4-phosphate synthase (ribB) (B). BLAST
result indicated that Physcomitrella sequence (Genbank GI number 168028296) has 31%-37%
identity with homologs from archaea, whereas only 28% sequence identity with the other
endogenous copy (GI number 168035901). This second copy is 332 aa longer and annotated as
GTP cyclohydrolase-2 in Arabidopsis. It forms a clade with other eukaryotic homologs within
bacterial sequences. This second copy was predicted by TargetP to be a chloroplast precursor,
suggestive of possible plastid (or cyanobacterial) origin. The relationship of these two copies was

also supported by several conserved amino acid residues and shared indels.
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A

Physcomitrella GGYLAFAQKDS - - = = — — - AGVTHLKKLAEAGLTHVHLLP 567
Selaginella GTFLAFSEMES--—----- AGVRHLRSLAEAGLTHVHLLP 312
Arabidopsis GGYLAFTSKDS-=-====-= AGVKHLQKLVDAGLTHLHLLP 387

Ostreococcus GKYLAFCEESS - === -- VCVSHLKKLADAGLTHVHLLP 483
Chloroflexus GTFRAFTVRDS - - - — - = = VGMRHLAELADAGVTHVHLLP 546
Deinococcus GTYLAFTQAGS------- AGMRHLRALADAGLKAVHLLP 561
Micromonospora GTYLAFTDPDT-=====-= AGMRHLRSLGDAGVDYLHLLP 1237
8 treptosporangium GTYAAFAGDGA-=-=-== === GMEKELREKELAEDGLTHVHLLP 1375
Shewanella GKYLAFTEQGS------- APVEHLKKLVDNGLTHFHVLP 526
Stigmatella GTFKAFTRDSN---—-—----— GTKHLARLAKAGVTHVHLLP 527
Meiothermus GTFEAFTLRNS-=-====-= NGMKHLSRLAQAGLTHIHLLP 552
Pseudomonas GTYLAFTQPTS------- RGVQHLQELRQAGLTDVQLLP 443
Klebsiella GKYLALTAQES--—-—----— NMVQHLKQLSASGVTHIELLP 432
Enterobacter GKYLALTAQES - ------ NMVQHLEKQLSASGVTHIELLP 497
Thermotoga GLYLGLTEENTKGPGGVTTGLSHLVELI-——GVTHVEILP 398
Bacillus GKYLGVTEKGTRGPEDVKTGLDHIKDL---GVTHVQLLP 410
Bacillus 2 GTYKGLMEEGTTGQONGTLTGLSHIKDL---GVTHVELLP 273
Paenibacillus GKFLGLTEEGTRGPNGIPTGLDHIAGL---GVTHVQLLP 215
Streptobacillus GKFLGLTEKGTKTSRGQITGLDYIKSL---GITHVELLP 498
Lactobacillus GLFLGLSEKNTHTAQGYATGLSYLKSL--~-GITHVQLLP 205
Lactobacillus. 2 GQFLGLTQEGTKTDTGYPTGLDYLKKL---GVTHVQFLP 767
Mycoplasma GK!LGLTEEGIKNKDGE‘SIGIDHIKNL'———GINTVQIMP 284
Bifidobacterium GKYLGVVQSGTKTAKGATSGLDYLKSL---GVSHVQIMP 1153
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Supplementary Figure S14. Multiple protein sequence alignment (A) and molecular
phylogeny of limit dextrinase (LDA) (B). Physcomitrella sequence (Genbank GI number
168038552) forms a highly supported clade with homologs of green plants and bacteria. No
cyanobacterial homologs were found, indicating that this gene family in green plants most likely
is not derived from plastids (cyanobacteria).
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A

Physcomitrella PEIYGIDAVHGHNNVYGATIFP| IGLGCTRDPALLERIGSATALEVRATGIPYVFAPCIAVCRDPRW 185
Selaginella PVIYGVDAVHGHNNVYGATIYPHNIGLGSSROPELVRRIGAATALEVRATGMPYAFAPCIAVCRDPRW 172
Arabidopsis PMIYGIDAVHGHNNVYGATIFPHNVGLGVIRDPNLVKRIGAATALEVRATGIPYAFAPCIAVCRDPRYW 177

Asticcacaulis PLIWASDAVHGHNNVYGATLFPHNIGLGAANDFELIRRIGEVTAAEVASTGMDWTFAFTIAVARDDRW 205
marine PAIWGTDAVHGHNNVIGATIFP| IGLGAMNNAPLMRQIGETTALEVAVTIGIDWVFAPTLAVVRNDSHW 335
Streptomyces PVIWGIDAVHGHNNNVYGATVFP| IALGAAHDPCLVRDVENSTARQIRATGQDWAFAPTLAVVQDDRW 224
Rhodoferax PLIWGTDAIHGHGNAHGATLFP| IGLGAAHDPELIQNIGVAVGRQVRATGINWVFGPTLAVARDDRW 200
Acholeplasma PITYGVDAVEGHNNLYGATIFP IGLAAANNKELMEEIGMITAYEMGOQTGMNHNFSPSIGLIKDKRW 189
Halothermothrix PIIYGVDAVHGHNNLRGATIFP IGLGATRDPELVEEVGRITAKEVSATGPDWNFGPCVAVARDERW 191
Chloroflexus PLIYGADGVHGHNNLYGAVIFP| IGLGAANNPQLMEQIGRATALEMAATGVFWNYAPAVMVPLDVREW 187
Haliangium PLLYGIDAVHGHNNVVGATIFP| IGLGASRNPALAEEIGRITAKEVYATGIRWDFAPTLCVGRDERW 212
Rhodothermus PLLYGIDAVHGHSNVEGAVVFP IGLGATRDPDLVERVYRITAIEMRATGIHWNFAPCIAVARDERW 182
Spirochaeta PILYGIDAVHGHNNVYGAVIFPHNIGLGATRDPELVERIGRAVAEEVVATGIHWTFAPCVIVPQDERW 184
Chloroflexus_2 PLLFGRDIIHGQ----- RTVFPIPLAQAASFNPSLVEQINQIAAREASALGIRWTFAPMLDIARDARW 144
Herpetosiphon PLLIGRDVIHGF-~---- RTIFPIPLGQAASFNPOLVREAARIAAREASASGINWTFAPMIDISRDPRW 131
Opitutaceas PLIHGRDVIHGH|- ATVLPIPLAQAATFDPALIETASACVAREARAQGVHWSFAPMIDLSRDPRW 172
candidatus PLIFGLDVVHGY RTTFPVPLALSATWDPALIERAARIAAKEASTDGVRWTFSPMVDIARDARW 170

Flavobacterium PLLFGMDVIHGY~ ETTFPIPLGLSCTWDMGLIERSAQIAAKEASADGINWTFSPMVDISRDPRW 169

Cupriavidus PHMFFAYDVVHGH- RTVFPISLGLASSWDMGLVEKTARISAVEAAADGIDATFAPMVDISRODPRW 173

Entercbacter PLFFAYDVVHGQ- RTVFPISLGLASSFNLDAVRTVGRVSAYEAADDGLNMTWAPMVDVSRDPRW 167
Serratia PLFFAYDVLHGQ----- RIVFPISLGLAASFDLEAIALSGRVSAQEASDDGLNMTFSPMVDITRDPRW 168
Acetivibrio PIMYGLDAVHGFNYIIGGTIFPHNLAVAATWNPHIARMOAEITAKQISAVGVDLNYAPCLDVARDPRW 172
Phytophthora PHVYIGLDSVHGANYVAGSVLFGOEINSEASFNPDLVYQAGRITGRDTEAAGIPWVFGPILDLSQNPLYW 583
marine_2 PLLIGIDAIHGNAMVSGSTVYPAPLSMASSWNLGLVKQASIETAREHRATGSHWSFTPNVDIARDPRYW 197
Trichomonas PVIMGIDAIHGHSFWPGATIFPTOLGISGSWDEDLIKKMAEITAYEMRYTGMSWSFSPVYVCIARDTRW 143
Catenulispora PLSFGVDAVHGFGHPWQAPLFPQSIGHGATWDPSQAKAGGAMTATALRSTGWTIWAFAPVQDLARDNRW 233
Ignisphaera PAIVHEESIAGL APTATVFPIPLALASTWDPDLVYRVAVAIRRQIMAIGSRETLAPVLDLCREPRW 154
Sulfolobus PAITHEECLSGL GYSSTAFPQAIGLASTWNPELVMDIASVIRSQGRLVGVNQCLSPVLDVCKDPRW 151
Asticcacaulis_2 PHIHBRESLHG!‘I ARDATSFPQAIGLASSFDPVLAEKIFSVCAREMRARGANLALAPVVDVARDFRW 218
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Supplementary Figure S15. Multiple protein sequence alignment (A) and molecular
phylogeny of B-glucosidase (B). Identifiable homologs of Physcomitrella sequences are
predominantly found in bacteria. Physcomitrella sequences (Genbank GI numbers 168069539,
168059435) form a monophyletic group with other land plant and bacterial homologs. This
relationship is also supported by several conserved amino acid residues and shared indels. No
cyanobacterial homologs were found, indicating that this gene family in land plants is unlikely of
plastid (cyanobacterial) origin.
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A

RPGTTRLYMSSSGDPVYNY-5HG EYCVVPANGLAVIPESLPYSESAIIGCAVFT 228

Selaginella LCETFFKYSROKGALYDOQTRLFIASHOKPINNY-SHOOMAETCYVPSNALAVLPSTLPYSDARINGCAVFT 210
Orysa  LCESFFAYNRAKGTLYDOQTRLFLRSHGKPVYMY-SMGGLAEYCVVPANALAVLFNSLPYTESAILGCAVFT 326
Arabidepsis LCEDFFAYNRAKGTLYDGETRLFLRHDDSPVYMY-SMOCOMAEYCVTPANCLAPLPESLPYSESAILGCAVFT 232
Actimomyces LCGPFFDLNRLEGVLY BH EYAVVFSTAVAPVPDTIDMVPAAILGCAANT 198
Mobiluncus  LCDTPFMLNRLQGKLY EMOALAQYCVIPSTSVAVLPODIDLVPGAILCCAANT 173
Arcancbacterium LCAPFFDMNRL TRLFGLDG-EPIAMY-SMGALSEYCVIPSTSVAVLDETHDHVSGSILGCAALT 181
Dietria ICETFFEYNRLACTLYDOESRLRRASG-EPLSNY-SMOCLAEYSVTPATAVFPLFEELDLTOSAILOCEMFT 171
Capsaspora  LCSKIRATQ - GKGVMPDGTERFTCNGO--TIYNFHGTSTFSEXTVVARISLAKISETAPLERVGLLGCGIST 181
vandorwaltosymsa LCOSVRATQ-GKGUMPOGTPRFUNKKG-EPLYNFHGCSTFSEYTVVADVEVVAIDPTAPLOSVCLLGEGYTT 161
Guillardia LCVEIRSTQ-GROLMPDETTRYIKNMEG-EFLFHF SQYIVCAEISVAKINPEADLSIACLLGCGVTT 180
LCPKIRSTQ-CQOOVMPDOTTRFEXDOK--EIFHFMCTSTFSEYTYVAEISCAKIADDAPMDLYCHLECGIAT 181

Micromonss LCPAIRGTQ-GQGVMPDGTTRFTTVDG-KEIFNFMGCSTFAEYTVIAEISAAKINRRMPLNKACLFGCGVST 479
Lyngbys LCQAIRSTQ-CEOVMPDOESRPEINGO--KIYHYMOTSTFSNYTVLPEIAVAKIREDAPFEXVCYIGEGVTT 173

io  LCQSTRTTE MPDOGTSRFSINGE--KVE TFSNFTVLFEISLAKIRQDAPFDEVCYIGCGVTT 173

Ralstonia LCQAIRATQ-CROLMPDOTSRFSIDGK TFANEIVVFEIALAKIRFDAPFDEVCYIGCGVTT 173
Plesiocystis LCQAIRSTQ-GAGLMPOGSERFSIDGE--FLF TFTHYTVVPEIAVAKVREDAPFORICYIGCGYTT 173
Serratia LEQAIRSTG - CRGLMPOGTTRFFRDGO--PIFHYNGTSTFSEYTVVPEISLAKISKEAPLEEVCLLOCGYTT 176
Enterobacteriscess LCQATRETQ-GRGLMPDOTTRFSKNGE--PIFHIMOTSTFSEYTVLPEISLAKISKEAPLEEVCLLOCGVTT 178
Acromonas  LCQKIRATQ-GKGLMPOGTTRFSKDGQ--PIYH SEXTVLPEISIAKVDPAAPLEEVCLLGCGVIT 179
TFSEYTVLFEISLAKIPENAPLEKVCLLGCGVTT 174

Physcomitrolla LCESFLEYNRGLGGL

LCQEVREATY LMPDGTSRFSYNGQ--PIYHIMGCS
Synechococcus  LCQAIRATO-CXCGLMPDGTSAFSLNGQ--PIYHFMOTSTFSEYTVLPEIAIAKINPAAALDEVELLECGITT 173

ax  LCQRIRETQ DGTSRFSEDGE--PIFHNTHGTSTFAETTVVPEIALAKIDKSAPLDEVELLGCGVTT 173
Dictyostelium LCSKIRITO-OKCQOMPDOTTRFKCKOK--EIFHFMOTSTFSQYTVLFEISCCYVREDAPLDEVCLLOCOITT 180

Cranidicschyson LCSAIRVIQ -GQULMPORTTAYSCHNGR SQYIVLPEIAVAKIRQDAPLOAVCLLGCGITE 181
phytophthora LCSIIRSTQ-GXOLMPOGTSRFTCKRN SEYTVLPEISVAKIDPSAPMDEVELLGEGITT 161
Dictyostelivm_2 LCSVIRISQ-GKGLMPDGTSRFKCKGO--TIYHFHGTSTFSEYTVLPEISVAVIRODAPLERKVCLLGCGITT 180
Planctomyces LCEPOARAN-TAGTLLEGRAPFSSNSG-QEINHHLOVAAFAENTVVAQESLIKIDSQLPLETAALFOCAVNT 1Bl
Thermomicrobium LCODFSNPIR-RTGRMFOGTTRFHRNGT--DVHHVLGVECFAEYTVVPEQGLLSLPPDIPLORAALVGCGYTT 172
Cecbacillus LCEEARRLT-ATCTLPDOTTRFSWOOK--PVYOFLTACAFSEYTIVPEQAAIPIRRDVPFELAALISCSYNT 171
Ralstonis_ 2 LCESGQPSM-LQGTMADGTTRFTWNGA--PVFONAGLOTLAQRVVVPATSVVFIPDSLPLEQAALLGCGYNT 173
Mypcoplasma LCPNQNMEBN-c-cc-ccccccccccmcem==== YTEDOSYAEYAIGHEDYVOLVPEKLDIVTGAPIVCAGVT 158
Mycoplasma_2 LEPNONMEA- -~ ---l'fﬂmnrnlI'A(nunnllnnxpnurnvoanrt\rcnnvr 154
Leptoteichia LCRDVINAG- ~YBADGGMAEQCIVTADYAVRVPEGLDPAQASSITCAGYT 150
Stroptobacillus  LCOQSVENAG-—----c-ccoccoocooooonex TEADGGMAEECIVIADYAVEVPEGLDPAQASSITCAGYT 150
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Supplementary Figure S16. Multiple protein sequence alignment (A) and molecular
phylogeny of GroES-like zinc-binding alcohol dehydrogenase (B). Identifiable homologs of
Physcomitrella sequences are predominantly found in bacteria. Physcomitrella sequence
(Genbank GI number 168030245) groups with homologs from land plants and high GC
gram-positive bacteria. Several other eukaryotic sequences form another monophyletic group
with bacterial homologs, possibly derived from either ancient HGT or mitochondria. The highly
supported clades on the phylogenetic tree are also supported by several conserved amino acid
residues and shared indels.
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A

Fhyscomifrells . TIFVHAVMOMMPA--FWHOTSKMDEAIDRNT TN - -QEFFOOGD 445
Physcomitralia_ 2 TIFVHAVHOLMPT--FWHOTSKMDETIDNNRTA--QKFPFOQOD 407
Solaginella  TIFVHAVHOLVPH- -FWOGTRKMDEVIDANRDA--QKFFOGGGD 398
Fices T IFVNAVMGFMPN--FWHNGTSKLDEVIDNMQSA--XKKYXFGGGD 400
Oosulfalibaciium T IFVHAVHGLTPH--FYEGSQKLDATIDANTOA--QKFYGGGD 379
Dosuffarculrs TIFVHAVMOFPTPH--FTSOSQALDTTIDANROA--XKLYGGGD 377

Closcomonss TIFVHAVHMOFTAL-«YPECEMAMYSLIDOQCPEA--TKLFOGOGAGD a7
della profecbacternium TVFITHAVMOLMPL- - FEECEEAIYALICKNREA--TEKLFAGGD are
Micromonas T IFVNAVMGLTPAG-FHEGTAALDAAIASNVODA- -RKYFGGGD 393
Oyl Py IWNGPHGVFEFEKFAAGTDAIAKKLADITAKGVTITIIGGGD 358
Arptidopsis TIIWNGPHMGVFEFDEFAAGTEAVANQLARLSGKGVTTIIGGGD e
Selaginels_2 TVIWNNOPHMOVFEFDEFAVOTEAVARKLAELSOKGVTTIIGOOAD 424
Picea_2 TV IMNG PHGVFEFDEFELOTTEIAKKLAELEGKGVTTIIGGGD 460
jsoctirysis TIIWNGPMGVFEFEAFAKGTFOVADTLAELTGKGCTTIIGGGD 394
Guillarifis T IIWNGPMGVFEFEXFAKGTNDVAKTLAECTSKGAITIIGGGD 156
Cpanidioschiyzon  TVLWNGPLGVFEMPHFAKGTFAIARTLARITONGCITIVOGGD 435
Ectocavpus TIVHHOPHMOVFEFDEFAAGTFAVASCLADLTSKGAITIIOOOAD 67
Cyanoihece BVIWHNGPHMOVFEFDOQFAKOCTEAIANTLADLTOKAGVTTIIGOGD ass
Synechococous TV INNG PHGVFEFDKEFAACTNAIATTLAELEGKGCCTIIGGED ase

Paulirells T IIWNGPMGVFEFEXKFAAGTDAIANTLANLTATGTCTIIGGGD 358
Lanbacttr  FYVHMNGPVGVFEFEQFSHNGTRTLAEAIAESKA---FSIAGGOD 347
Yorsiia  FILWNGPVOVFEFPHFRKOTEIVARAIAESEA---FSIAGGGD 342
Froncisells T ILWHOPVOVFEFDNFAEGTRALSLAIAQSHA---FEVAGOGD 347
Phytophthars E Y ¥ WHGPHGVFEFEAFANGTREVHMDAVVYEATEAGATTIIGEGD 372
Kaviodinium

TIIWNGPMGVFELAKFEIGTKELMDEVVEATAAGTITVIGGGD 414
Salpingoecs ¢ 3 yWHGPMGVFEFOKFANGTIKVMDACVEATEQGSCVIIGGGD 372
Morfierells 73 LWHGPAGVFEYEAFEKGOTKEAALDAVAEATERGAVEIVGGED 376
Mycoplasma  TIFMMOPLOVFEFTNFAKOTSKIOEIIAKNKTA--FEVIGOGD 368
Leplotichis  TYVMNOPHMOCVFEMPNFAKGTIGOVCEAIANLEDA--KTII0GGD 358
Thermologd Ty YMNGPMGYFEIEDFAGOTKAVAEMIAKIKG---TTVIGGGD 353
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Supplementary Figure S17. Multiple protein sequence alignment (A) and molecular
phylogeny of phosphoglycerate kinase (PGK) (B). Physcomitrella sequences (Genbank GI
numbers 168058081, 168034630) form a clade with green plant and delta-proteobacterial
homologs. Several other eukaryotic sequences form a moderately supported clade, which in turn
groups with bacterial homologs. Some of these eukaryotic sequences are predicted by TargetP to
be mitochondrial precursors, indicating likely mitochondrial origin. Another gene copy of land
plants forms a highly supported monophyletic group with cyanobacterial and other photosynthetic
eukaryotic homologs. Some of these photosynthetic eukaryotic sequences are predicted by
TargetP to be chloroplast precursors, indicating likely plastid (or cyanobacterial) origin.
Physcomitrella sequence is absent from this clade, suggesting that either replacement of plastid
homolog or gene acquisition following a loss of plastid copy in Physcomitrella.
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Supplementary Figure S18. Multiple protein sequence alignment (A) and molecular
phylogeny of HAD-superfamily hydrolase (B). Physcomitrella sequence (Genbank GI number
168001220) forms a clade with green plant and bacterial homologs. Other two copies group with
green plant and other photosynthetic eukaryotic homologs. In Arabidopsis, it is targeted to
chloroplasts. Most of other eukaryotic sequences are predicted by TargetP to be mitochondrial
precursors, indicating likely mitochondrial origin. The relationship of these gene copies is also
supported by several conserved amino acid residues and shared indels.

GSEALMVEKALGFH-GDETLYVGDHIYTDVSMSKVHLRWRTALICRELEKE 407
GEAQMVEQALGVH-GDETLYVGDHIYTDVSOSKVHLRWRTALICSELEKE 404
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Supplementary Figure S19. Molecular phylogeny of Acyl-CoA N-acyltransferase.
Physcomitrella sequence (Genbank GI number 168042611) forms a highly supported clade with
homologs from green plants and alpha-proteobacteria. Two sequences from brown algae and
diatoms group with cyanobacterial and delta-proteobacterial homologs with modest support. It is

unclear whether these two sequences are of plastid origin.
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Supplementary Figure S20. Multiple protein sequence alignment (A) and molecular
phylogeny of methionine gamma-lyase (MGL) (B). Physcomitrella sequences (Genbank GI
numbers 168013924, 168008405) form a clade with homologs from other green plants, CFB
bacteria, and beta-proteobacterial Accumulibacter. Several other eukaryotic sequences group with
bacterial homologs. Some of these eukaryotic sequences are predicted by TargetP to be
mitochondrial precursors, indicating likely mitochondrial origin. The close relationship between
green plant sequences and bacterial homologs is also supported by some conserved amino acid
residues and shared indels.
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Supplementary Figure S21. Multiple protein sequence alignment (A) and molecular
phylogeny of pyruvate kinase (B). Physcomitrella sequences (Genbank GI numbers 168053775,
168053903) form a clade with homologs from other land plants and miscellaneous bacteria.
Green algal sequence forms another clade with homologs from other eukaryotes and bacteria.
Some of these eukaryotic sequences are predicted by TargetP to be mitochondrial precursors,
indicating likely mitochondrial origin. This relationship is also supported by several conserved
amino acid residues and shared indels. Land plants sequences form a group with bacterial
sequences, including those from cyanobacteria. However, these land plant sequences are unlikely
of plastid (cyanobacterial) origin because cyanobacterial orthologs are rarely found in this clade.
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Supplementary Figure S22. Multiple protein sequence alignment (A) and molecular
phylogeny of ybiU protein (B). Physcomitrella sequence (Genbank GI number 168021919) has
62-72% identity with homologs from high GC gram-positive bacteria. They form a highly
supported clade in the phylogenetic tree. Their relationship is also supported by several conserved
amino acid residues and shared indels.
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Supplementary Figure S23. Molecular phylogeny of glycoside hydrolase. BLAST result
indicated that Physcomitrella sequence (Genbank GI number 168052263) has 50% identity with
homologs from Stigmatella aurantiaca, and they form a monophyletic group in the phylogenetic
tree. Several other eukaryotic sequences group with miscellaneous bacterial homologs. Some of
these eukaryotic sequences were predicted by TargetP to be located in mitochondria, suggesting

that they might be of mitochondrial (or alpha-proteobacterial) origin.
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Supplementary Figure S24. Molecular phylogeny of sugar isomerase (SIS) family.
Identifiable homologs of Physcomitrella sequences are only found in green plants and bacteria.
No cyanobacterial homologs were found, indicating that this gene family in green plants is

unlikely of plastid (cyanobacterial) origin.
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Supplementary Figure S25. Molecular phylogeny of glycoside hydrolase family 2.
Identifiable homologs of moss sequences are predominantly found in bacteria. Physcomitrella
sequence (Genbank GI number 168036598) forms a clade with homologs of green plants,
gamma-proteobacteria and verrucomicrobia. No cyanobacterial homologs were identified,
suggesting that green plant sequences are unlikely of plastid (cyanobacterial) origin. Two fungal

sequences form another moderately supported clade with homologs from miscellaneous bacteria.
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Supplementary Figure S26. Molecular phylogeny of hydroxypyruvate reductase 2 (HPR2).
Physcomitrella sequences (Genbank GI numbers 167997717, 168037243) form a strongly
supported monophyletic group with land plant and bacterial homologs. This relationship is
supported by several conserved amino acid residues and shared indels. Several other eukaryotic
sequences form a moderately supported clade with bacterial homologs. Some of these eukaryotic
sequences were predicted by TargetP to be mitochondrial precursors, suggesting that they are

likely of mitochondrial (alpha-proteobacterial) origin.
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Supplementary Figure S27. Molecular phylogeny of inositol 2-dehydrogenase like protein.
Physcomitrella sequence (Genbank GI number 168003329) forms a clade with homologs from
land plants and bacteria (mostly alpha-proteobacteria). Their relationship is also supported by
several conserved amino acid residues and shared indels. Several other eukaryotic sequences
group with bacterial and archaeal homologs. Some of these eukaryotic sequences are predicted by

TargetP as mitochondrial precursors, indicating likely mitochondrial origin.
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Supplementary Figure S28. Molecular phylogeny of short-chain dehydrogenase/reductase
SDR. Identifiable homologs of Physcomitrella sequences are predominantly found in bacteria.
Physcomitrella sequence (Genbank GI number 168031790) groups within a large bacterial clade.
Another Physcomitrella copy (GI number 168036475) groups with other eukaryotic and bacterial
homologs. Some of these eukaryotic sequences are predicted by TargetP to be mitochondrial

precursors, suggesting that they are likely of mitochondrial (alpha-proteobacterial) origin.
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Supplementary Figure S29. Molecular phylogeny of ATP-binding cassette 11 (ABCI1)
transporter. Identifiable homologs were only found in land plants and bacteria. Physcomitrella
sequence (Genbank GI number 168004297) forms a highly supported monophyletic group with
land plant and proteobacterial homologs, and their relationship is supported by several conserved
amino acid residues and shared indels.
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Supplementary Figure S30. Molecular phylogeny of uracil permease. Physcomitrella
sequences (Genbank GI numbers 168012184, 168043133) form a highly supported clade with
homologs from green plants and proteobacteria. This relationship is supported by several

conserved amino acid residues and shared indels.
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Supplementary Figure S31. Molecular phylogeny of amidohydrolase family. Physcomitrella
sequence (Genbank GI number 168021897) forms a highly supported clade with homologs from
other land plants and miscellaneous bacteria. This relationship is supported by multiple conserved
amino acid residues and shared indels. Several other eukaryotic sequences group within bacterial
homologs. Some of these eukaryotic sequences are predicted by TargetP to be mitochondrial

precursors, indicating a likely mitochondrial or alpha-proteobacterial origin.
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Supplementary Figure S32. Molecular phylogeny of amidase family. Physcomitrella
sequences (Genbank GI numbers 168042262, 168003211) form a highly supported clade with

homologs from green plants and bacteria. Their relationship is also supported by multiple

conserved amino acid residues and shared indels. Several other eukaryotic sequences form a clade

with bacterial homologs. Some of them are predicted by TargetP to be mitochondrial precursors,

indicating a likely mitochondrial origin.
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Supplementary Figure S33. Molecular phylogeny of alpha-L-rhamnosidase. Identifiable
homologs of the Physcomitrella sequence are predominantly found in bacteria. Physcomitrella
sequence (Genbank GI number 168031461) has 49% identity with homolog of Mucilaginibacter

paludis, these two sequences form a highly supported monophyletic group.
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Supplementary Figure S34. Molecular phylogeny of D-alanine-D-alanine ligase.
Physcomitrella sequence (Genbank GI number 168012025) forms a highly supported clade with
homologs from other green plants, Protochlamydia and CFB bacteria. Identifiable homologs of

the Physcomitrella sequence were only found in green plants and bacteria.
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Supplementary Figure S35. Molecular phylogeny of M6 family peptidase. Identifiable
homologs of Physcomitrella sequences are predominantly found in bacteria. Physcomitrella
sequences (Genbank GI numbers 168013514, 168019010, 168032091, 168048759) form a clade
with homologs from proteobacteria and high GC gram positive bacteria. Their relationship is
supported by multiple conserved amino acid residues and shared indels. Other than two diatom

sequences, no other eukaryotic homologs were found.
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Supplementary Figure S36. Molecular phylogeny of PfkB family kinase. Physcomitrella
sequences (Genbank GI numbers 167998254, 168016595, 168021833) form a highly supported
clade with homologs from other land plants and delta-proteobacteria. No other eukaryotic

homologs were identified.
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Supplementary Figure S37. Molecular phylogeny of 1, 4-dihydroxy-2-naphtoate octaprenyl
transferase. Physcomitrella sequence (Genbank GI number 168009868) has 42-46% identity

with homologs from the delta-proteobacterial Stigmatella. These sequences form a clade.
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Supplementary Figure S38. Molecular phylogeny of dienelactone hydrolase family.
Identifiable homologs were only found in Physcomitrella and bacteria. Because only 103 reliably
aligned amino acid residues were used to construct the phylogeny, the bootstrap values for most
clades identified in the phylogenetic tree are low. The Physcomitrella sequence is located on a

long scaffold and therefore should not result from sequence contamination.

39



auss — Physcomitrella
ﬂL—E Physcomitrella
Physcomitrella
#5189 - Arabidopsis
Barg FArabfdopsis
Baks Oryza

100/100 Oryza Green plants
Selaginella
99100 Physcomitrella
Physcomitrella
kil I E Selaginella
Physcomitrella
——— Volvox

Ferroglobus Euryarchaeotes

Bacteroides CFB group bacteria
Verrucomicrobiae Verrucomicrobia
47 Thermomicrobium GNS bacteria
Patulibacter
] M{Mycobacterfum High GC Gram+
Streptomyces
Persephonella :
Hydrogenobaculum AdMicelas

Thermoanaerobacter Firmicutes
Caldithrix Bacteria
Chloroherpeton Green sulfur bacteria

64179 Desulfobacca
Desulfatibacillum
Marinitoga Thermotogales

} Delta-proteobacteria

M Spirochaeta

991100

Treponema ] Spirochetes

Halophilic archaeon DL31 Archaea
Haloferax Euryarchaeotes
Thermoproteus Crenarchaeotes

02

Supplementary Figure S39. Molecular phylogeny of wound-responsive family protein.
Identifiable homologs were only found in green plants and prokaryotes. Physcomitrella sequences
(Genbank GI numbers 168031639, 168046102, 168006875, 168012338, 168023049, 168014136)
form a clade with homologs from other green plants. Only 95 reliably aligned amino acid residues
was used to construct the phylogeny, therefore the support values for most clades are generally
low. No cyanobacterial homologs were found, indicating that this gene family in green plants is

unlikely of plastid (cyanobacterial) origin.
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Figure S40. Molecular phylogeny of ribosomal protein S6. One
Physcomitrella sequence (Genbank GI number 162662263) forms a clade with homologs of
proteobacteria and was likely acquired through HGT. Another Physcomitrella gene copy
(Genbank GI number 168013078) form a clade with other land plant homologs. In Arabidopsis,
this copy is annotated as regulator of fatty-acid composition 3 (RFC3) and is targeted to
chloroplasts, suggesting the RFC3 in land plant is likely of plastid (cyanobacterial) origin.
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Supplementary Figure S41. Molecular phylogeny of fatty acyl-ACP thioesterases B (FATB).
Identifiable homologs of Physcomitrella sequences (Genbank GI numbers 167998911,
168035219, 168024004, 168044508, 168036485) were only found in green plants and bacteria.
No cyanobacterial homologs were found, indicating that this gene family in green plants is

unlikely of plastid (cyanobacterial) origin.
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Supplementary Figure S42. Molecular phylogeny of HAD superfamily, subfamily IIIB acid
phosphatase. Physcomitrella sequences (Genbank GI numbers 168062119, 168062518,
168033997, 168032668) form a highly supported clade with homologs of other land plants and
bacteria. Their relationship is supported by several conserved amino acid residues and shared

indels.
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Supplementary Figure S43. Molecular phylogeny of N-acetyl-gamma-glutamyl-phosphate
reductase (argC). Physcomitrella sequences (Genbank GI numbers 168037402, 168031643)
form a clade with other green plant homologs, which is in turn related to alpha-proteobacterial
homologs. It is likely that brown alga Ectocarpus acquired this gene through an independent HGT
event. However, the scenario of gene duplication in the common ancestor of brown algae and
green plants and subsequent differential gene losses cannot be confidently excluded.
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Supplementary Figure S44. Molecular phylogeny of NRPS-like enzyme. Identifiable
homologs were only found in land pants, fungi and bacteria. Physcomitrella sequence (Genbank
GI number 168054351) forms a highly supported clade with other land plant homologs, which in
turn groups within the fungal clade.

45



100100

i3 | Paracoccidioides
Ajellomyces
Trichaphyton
Coccidioides
Pyrenaphora
wanoo r Neosartorya

5216

100100

95083

Clostridium

02

s1m9 Aspergillus Ascomycetes
Talaromyces
gas2 Tuber
mmoo —~ Myceliophthora
079 1 L Sordaria
ST 10009 Fusarium
Glarea
Batrachochytrium Chytrids
67188 Oryza
%Amba’dﬂpﬁfﬁ Land plants
Physcomitrella
o7189 Moumouvirus Viruses
4|—Naegfen'a Eukaryotes

Leptonema Spirochetes
uncultured marine group || Euryarchaeotes
Chloracidobacterium Bacteria

Pseudomonas Gamma-proteobacteria

Akker ia Verrucomicrobia

Paenibacillus
Bacillus

Capnocytophaga

Bacteroides | ~ep aroup bacteria

Gemmata Planctomycetes

Firmicutes

Salpingoeca Choanoflagellates
Ciona Tunicates

Supplementary Figure S45. Molecular phylogeny of flotillin-like protein. Identifiable

homologs of Physcomitrella sequence are predominantly found in fungi and bacteria.

Physcomitrella sequence (Genbank GI number 168017323) and other land plant sequences group

within fungal homologs. These land plant and fungal sequences form a highly supported clade.

Naegleria sequence is closely related to Moumouvirus homolog and they also share multiple

conserved amino acid residues.
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Supplementary Figure S46. Molecular phylogeny of hemerythrin HHE domain protein.
Identifiable homologs of Physcomitrella sequence were only found in club moss, fungi and
bacteria. Physcomitrella sequence (Genbank GI number 168061715) forms a highly supported
clade with club moss sequences, which in turn is related to a fungal sequence clade. It is unclear

whether this gene in land plants was acquired from fungi or bacteria.
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Figure S47. Molecular phylogeny of gycosyl hydrolase

family.

Physcomitrella sequences (Genbank GI numbers 168029996, 168033792) form a monophyletic

group with homologs from other land plants and fungi. Several other eukaryotic sequences group

with bacterial homologs. It is unclear whether these sequences are of mitochondrial origin.
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Supplementary Figure S48. Molecular phylogeny of p-1,4-mannosyl-glycoprotein.
Physcomitrella sequences (Genbank GI numbers 168005754, 168016522) form a monophyletic

group with other land plant homologs, which in turn groups within the fungal clade.
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Supplementary Figure S49. Molecular phylogeny of killer toxin protein (KP4). Identifiable
homologs of Physcomitrella sequences (Genbank GI numbers 168050142, 168050096) are only
presented in fungi. Physcomitrella sequences form a highly support clade with Aspergillus

homologs. It is likely that Physcomitrella acquired this gene from Aspergillus or other fungi.
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Figure S50. Molecular phylogeny of peptidoglycan binding domain

in. Identifiable homologs of Physcomitrella sequences are predominantly found

ascomycetes. Other two moss copies (Genbank GI numbers 168036135,

168019630) group with bacterial homologs but without strong support.
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Supplementary Figure S51. Molecular phylogeny of I-fucose permease. Identifiable homologs
of Physcomitrella sequences were only found in fungi and bacteria. Physcomitrella sequence
(Genbank GI number 167997115) groups within the fungal clade, suggesting that this gene in

Physcomitrella is likely of fungal origin, which confirms a previous study by Richards et al.
(2009).
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Supplementary Figure S52. Molecular phylogeny of a hypothetical protein. Moss sequences

(Genbank GI number 168028121) groups within a large fungal clade. Identifiable homologs of

Physcomitrella were only found in fungi and bacteria. The fungal origin of this moss sequence

confirms a previous study by Richards et al. (2009).
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Supplementary Table S1. Acquired genes identified in Physcomitrella patens. Homologs of heterokaryon incompatibility (HET) superfamily
were only founded in P. patens and fungi. The identification of this gene family was exclusively based on taxonomic distribution and no

phylogeneitc tree was constructed for this family. Asterisks indicate genes that were also reported by earlier studies. “y” indicates existence of
indels shared by potential donors and recipient organisms in multiple sequence alignments.

Taxonomic Homologous .
Putative gene product GI number |Gene function Putative donor distribution indels [Figure locus. ~in
Arabidopsis
168024416 AT2G04160
168049684 AT2G04160
168009784 AT3G14240
168006037 AT3G14240
Subtilase family 168051252 Proteolysis Bacteria Land plants Fig.1a ATAGI980
168034558 AT2G19170
168033556 AT2G19170
168017764 AT2G19170
168000855 AT2G19170
168003990 AT4G30020
Arginase 168024860 Polyamine biosynthesis  [Bacteria Land plants |y Fig. S3  |AT4G08900
168064848
Acyl-activating enzyme 18 (AAE1S) 168042921 Auxin biosynthesis Bacteria Green plants |y Fig. 2b |AT1G55320
168064660
168013839 AT4G28720
168007310 AT1G04610
YUCCA flavin monooxygenase (YUC3) 168038243 Auxin biosynthesis Bacteria Land plants |y Fig. S4 |AT5G25620
168047840 AT1G04610
168059684 AT4G13260
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168009654

Glutamate-cysteine ligase (GCL) 168067242 Glutathione synthesis Proteobacteria Green plants Fig. S5 |AT4G23100
168052608
168031639 AT1G19660
168046102 AT1G19660
) ) . 168006875 ) . AT1G75380
Wound-responsive family protein Defense response Bacteria Green plants Fig. S39 ————
168012338 AT1G19660
168023049 AT1G19660
168014136 AT1G19660
168062119
i i 1d|168062518 i i
HAD superfamily, subfamily IIIB acid He?blvorous 1nsectBaC teria Land plants Fig. S42 |AT4G29260
phosphatase 168033997 resistance
168032668
Oxidative stress resistance
NRPS-like enzyme 168054351 Fungi Land plants Fig. S44 |AT4G18540
N- 1- -glutamyl-phosphat 168037402 ) . .
acetyl-gamma-glutamyl-phosphate Cadmium stress response |a-proteobacteria  |Green plants Fig. S43 |AT2G19940
reductase (argC) 168031643
HAD-superfamily hydrolase 168001220 Cold stress response Bacteria Green plants Fig. S18 |AT5G48960
. . . 168050142 ) )
Killer toxin Protein (KP4) Pathogen resistance Ascomycetes Moss Fig. S49 [no homology
168050096
Flotillin-like protein 168017323 Endocytosis Ascomycetes Land plants Fig. S45 |AT5G25260
) 167997139 ) . . .
Allantoate amidohydrolase (AAH) Purine degradation Bacteria Green plants Fig. S7 |AT4G20070
168064079
Ureidoglycolate amidohydrolase (UAH) 168010247 Purine degradation Bacteria Green plants Fig. S7 |AT5G43600
Guanine deaminase (GDA) 168025229 Purine degradation o-proteobacteria  [Moss Fig. S6  [no homology
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167998254

PfkB family kinase 168016595 Vitamin B6 salvaging O-proteobacteria  |Land plants Fig. S36 |AT5G58730

168021833
o 168013924 _ . . .

Methionine gamma-lyase (MGL) 163008405 L-methionine degradation [CFB bacteria  |Green plants |y Fig. S20 |AT1G64660

Glutamine synthetase (GS) 168040136 Glutamine biosynthesis |[CFB bacteria ~ Moss Fig. S§ [no homology

3,4-dihydroxy-2-butanone 4-phosphate

synthase (ribB) 168028296 Riboflavin biosynthesis  [Euryarchaeotes |Land plants |y Fig. S13 o homology

Hemerythrin HHE domain protein 168061715 Iron homeostasis Ascomycetes Land plants Fig. S46 [no homology
167997717

Hydroxypyruvate reductase 2 (HPR2) 168037243 Photorespiratory Bacteria Land plants |y Fig. S26 |AT1G79870

Inositol 2-dehydrogenase like protein 168003329 Pollen  germination  and a-proteobacteria  [Land plants |y Fig. S27 |AT4G17370

tube growth
l;recl)ﬁtté?;)glycan binding  domain - containing 168050434 Peptidoglycan binding  [Ascomycetes Moss Fig. S50 [no homology
) . 168059735 o . .
Sugar isomerase (SIS) family 163019301 Sugar binding o-proteobacteria  |Green plants Fig. S14 |AT5G52190
Limit dextrinase (LDA) 168038552 Starch biosynthesis Bacteria Green plants |y Fig. S14 |AT5G04360
) 168069539 ) ) . AT5G04885

B-glucosidase Cellulose degradation Bacteria Land plants |y Fig. S15 ——————
168059435 AT5G20950
168029996 AT1G13130

Gycosyl hydrolase family Carbohydrate Ascomycetes Land plants Fig. S47 —————
168033792  |methabolism AT3G26140

Glycoside hydrolase 168052263 Carbohydrate O-proteobacteria  [Moss Fig. S23 [no homology

methabolism ’
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Glycoside hydrolase family 2

168036598

Carbohydrate

y-proteobacteria

Green plants

Fig. S25

AT3G54440

methabolism
o-L-rhamnosidase 168031461 Carbohydrate CFB bacteria Moss Fig. S33 [no homology
methabolism
168012414 -
FAD linked oxidase Ox.ygen dependent CFB bacteria Moss Fig. S1  [no homology
168045341 oxidoreductases
Short-chain dehydrogenase/reductase SDR  {168031790 Oxidation-reduction Proteobacteria Moss Fig. S28 [no homology
167998911 AT1G08510
168035219 AT1G08510
Fatty acyl-ACP thioesterases B (FATB) 168024004  |Fatty acid biosynthesis  [Bacteria Green plants Fig. S41 |AT1G08510
168044508 AT1G08510
168036485 AT4G13050
14-dihydroxy-2-naphthoate 168009868 Menaquinone biosynthesis|5-proteobacteria  [Moss Fig. S37 o homology
octaprenyltransferase
Phosphoenolpyruvate carboxylase . . .
168029489 Carbon fixation y-proteobacteria  [Moss Fig. S2  [no homology
(PEPCase)
GroES-like zinc-binding alcohol . . .
dehydrogenase family 168030245 Glycolysis High GC gram+ |Land plants Fig. S16 |AT5G63620
) 168053775 . ) .
Pyruvate kinase Glycolysis Bacteria Land plants Fig. S21 |AT3G49160
168053903
) 168058081 . . .
Phosphoglycerate kinase (PGK) Glycolysis O-proteobacteria  |[Land plants Fig.S17 [no homology
168034630
ATP-binding cassette I1 (ABCI1) transporter |168004297 Molecular transport Bacteria Land plants Fig. S29 |AT1G63270
Uracil permease 168012184 Nucleobase transport Bacteria Green plants Fig. S30 |AT5GO03555
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168043133

L-fucose permease* 167997115 Sugar transport Ascomycetes Moss Fig. S51 o homology
B-1,4-mannosyl-glycoprotein 12:3?222 Glycosyl transfering Basidiomycetes |Land plants Fig. S48 |AT5G14480
DNA repair family protein 168044851 DNA replication Ascomycetes Moss Fig. S12 [no homology
Toprim domain-containing protein 168040643 DNA replication Bacteria Green plants Fig. S9 |AT1G30680
DNA topoisomerase | 168037859 DNA replication Proteobacteria Green plants Fig. S10 |[AT4G31210
168026035
168057313
phage/plasmid primase, P4 family 168032336 DNA replication Viruses Moss Fig. S11 no homology
168009191
168041210
Ribosomal protein S6 162662263 RNA binding B-proteobacteria  [Moss Fig. S40 [no homology
168013514
M6 family peptidase 168019010 Peptidase activity Bacteria Moss Fig. S35 [no homology
168032091
168048759
Amidohydrolase family 168021897 Hydrolase activity Bacteria Land plants Fig. S31 [no homology
Amidase family protein 1::83?2?? /Acrylonitrile metabolism [Bacteria Green plants Fig. S32 |AT5G07360
D-alanine-D-alanine ligase family 168012025 Eie(?st ;i?}%é}slfsan gg?erzzdlae/CFB Green plants Fig. S34 |AT3G08840
Dienelactone hydrolase family 168063002 Hydrolase activity Bacteria Moss Fig. S38 mno homology
Vein Patterning 1 (VEP1) 168003008 'Vascular development Bacteria Land plants Fig. 1b  |AT4G24220
Heterokaryon incompatibility (HET) family [168037338 Heterokaryon formation |Fungi Moss INo fig  |no homology
168042194
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168042266

168042178

168043854

168066323

168042180

168041122

168043902

168043828

168042274

168041824

168007634

168043856

168042184

168042182

168015126

168049214

168062785

168057911

ybiU protein

168021919

'Unknown

High GC gram+

Moss

Fig. S22

no homology

Acyl-CoA N-acyltransferase

168042611

Unknown

o-proteobacteria

Green plants

Fig. S19

At2g23390

Hypothetical protein*

168028121

Unknown

Ascomycetes

Moss

Fig. 52

no homology
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Supplementary Table S2. Sources of additional sequences used for database construction.

Species

Acanthamoeba castellanii
Acetabularia acetabulum
Alexandrium tamarense
Allomyces macrogynus
Amphidinium carterae
Antonospora locustae
Astasia longa

Barachionus plicatilis
Bigelowiella natans
Capitella teleta

Chlorella vulgaris
Cyanidioschyzon merolae
Cyanophora paradoxa
Diplonema papillatum
Emiliania huxleyi

Euglena gracilis
Glaucocystis nostochinearum
Guillardia theta
Hartmannella vermiformis
Heterocapsa triquetra
Histiona aroides
Hyperamoeba dachnya
Isochrysis galbana_CCMP_1323
Jakoba bahamiensis
Jakoba libera

Karenia brevis
Karlodinium micrum
Lottia gigantea
Malawimonas californiana
Mastigamoeba balamuthi
Mesostigma viride
Mortierella verticillata
Neocallimastix patriciarum
Nephroselmis olivacea
Nuclearia simplex_strain_2
Oxytricha trifallax

Taxonomic group
Amoebozoa
Viridiplantae
Alveolata
Fungi
Alveolata
Fungi

Fungi
Metazoa
Rhizaria
Metazoa
Viridiplantae
Eukaryota
Glaucocystophyceae
Diplonemida
Eukaryota
Euglenozoa
Glaucocystophyceae
Cryptophyta
Amoebozoa
Alveolata
Jakobida
Amoebozoa
Haptophyceae
Excavata
Excavata
Alveolata
Alveolata
Metazoa
Excavata
Amoebozoa
Viridiplantae
Fungi

Fungi
Viridiplantae
Opisthokonta

Alveolata
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Data type
EST
EST
Genome
EST
Genome
EST
EST
Genome
Genome
Genome
Genome
EST
EST
Genome
Genome
EST
Genome
EST
EST
EST
EST
EST
EST
EST
EST
EST
Genome
EST
EST
EST
Genome
EST
EST
EST
EST
EST

Taxid
5755
35845
2925
28583
2961
278021
3037
10195
227086
283909
3077
45157
2762
91374
2903
3039
38271
55529
5778
66468
392300
181200
37099
221721
143017
156230
342587
225164
221722
108607
41882
78898
4758
31312
154970
94289



Paracercomonas marina
Pavlova lutheri

Physarum polycephalum
Phytophthora ramorum
Polysphondylium pallidum
Polytomella parva
Porphyra yezoensis
Proterospongia choanojuncta
Prototheca wickerhamii
Reclinomonas americana
Rhizopus oryzae

Saitoella complicata
Sawyeria marylandensis
Scenedesmus obliquus
Seculamonas ecuadoriensis
Sphaeroforma arctica
Spironucleus vortens
Spizellomyces punctatus
Stachyamoeba lipophora
Streblomastix strix
Taphrina deformans
Tetrahymena thermophila
Thecamonas trahens

Rhizaria
Haptophyceae
Amoebozoa
Stramenopiles
Amoebozoa
Viridiplantae
Rhodophyta

Choanoflagellida

Viridiplantae
Jakobida
Fungi

Fungi
Heterolobosea
Viridiplantae
Jakobida
Opisthokonta
Fornicata
Fungi
Heterolobosea
Oxymonadida
Fungi
Alveolata

Eukaryota

EST
EST
Genome
Genome
EST
EST
EST
EST
EST
Genome
EST
Genome
EST
EST
Genome
EST
Genome
EST
EST
EST
EST
Genome
EST

372086
2832
5791
164328
13642
51329
2788
218848
3111
48483
64495
5606
194530
3088
221724
72019
58336
109760
463046
222440
5011
5911
529818
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