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Protein Taxon Sequence Accession Number
WECE Seculamonas ecuadoriensis | EC816654; EC816654
Jakoba bahamiensis EC686674, EC685007, EC684822
Sawyeria marylandensis EC826207
MVIM Karlodinium micrum EC160173
Jakoba bahamiensis EC687464, EC685628
Sawyeria marylandensis EC825128
Epimerase | Phytophthora ramorum jgi|Phyral 1[73107|fgeneshl pg.C_scaffold 2000172*
Thalassiosira pseudonana jgi|Thaps3(35046je_gwl.6.331.1*
Giardia lamblia XP 769114, AAO39053
Spironucleus barkhanus ABI15605
CAS -like | Karlodinium micrum EC156868, EC158513, EC148099, EC160669
Alexandrium tamarense CK784871
Emiliania huxleyi CF753752
Isochrysis galbana EC140831
Chlamydomonas reinhardtii | jgi|Chlre3[127464estExt gwp 1H.C 20095*
Ostreococcus lucimarinus 121|Ostta4|35883|1200010181*
Ostreococcus tauri 12i[Ost9901 3|26795|eugene.1200010140*
MQO-DH | Karlodinium micrum EC161113, EC156079, EC151820
Alexandrium tamarense CF948531, CV554334
Heterocapsa triquetra DT382779
Emiliania huxleyi CX779033
MQO-A Plasmodium yoelii EAA17232
Plasmodium berghei CAH94470
Plasmodium chabaudi XP 742339
Plasmodium falciparum CAG25406
Toxoplasma gondii ABE76504
Eimeria tenella CAKS51433
mtMDH Karlodinium micrum EC154776
Alexandrium tamarense CK784465
Isochrysis galbana EC147060, EC147055
cytMDH Isochrysis galbana EC143180, EC146073
Pavlova lutheri EC176556, EC176389, EC176299
NADP- Karlodinium micrum EC155818, EC150415
IDH Alexandrium tamarense

CK433031, CK784788, CK783806

Amphidinium carterae

CF065460, CF064816

Heterocapsa triquetra

DT385947, DT385631
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Lingulodinium polyedrum

BP743001, CD809840

Phaeodactylum tricornutum

jgi|Phatr2|34602|fgeneshl pg.C chr 5000402%*,
jgi|Phatr2|45017|estExt fgeneshl pg.C chr 50402*

Thalassiosira pseudonana

jgi|Thaps3|1456|feeneshl pg.C chr 1000590*

Isochrysis galbana EC138409
FE-ADH Naegleria grubery jgi|Naegrl[56035|estExt _fgeneshHS kg.C_70004*
PutA Karlodinium micrum EC155616
Phaeodactylum tricornutum | jgi|Phatr2|21068|estExt gwp gwl.C chr 110150*
Phytophthora ramorum jgi|Phyral 1[71205|fgeneshl _pm.C scaffold 8000011*
Jakoba libera EC693135
Seculamonas ecuadoriensis | EC816325
Physarum polycephalum EC757810
Cyanidioschyzon merolae gnl|CMER|CMRO66C**
Chlamydomonas reinhardtii | jgi|Chlre3|24394|estExt fgeneshl pm.C 440003*
Ostreococcus tauri jgi|Ostta4|28991|estExt_gwp_ GeneWisePlus.C_Chr 10.00
010194*
PBPb Karlodinium micrum EC150730
Alexandrium tamarense CF948337
Emiliania huxleyi EG034291
Isochrysis galbana EC139997
Phaeodactylum tricornutum | jgi|Phatr2|34826|fgeneshl pg.C_chr 6000199*
Euglena gracilis EC676369
SIR2 Sawyeria marylandensis EC825857
Acanthamoeba castellanii EC105362
Phaeodactylum tricornutum | jgi|Phatr2|36942|fgeneshl pg.C_chr 11000295*
Thalassiosira pseudonana jgi|Thaps3|269475|estExt thapsl ua kg.C chr 100004*
Chlamydomonas reinhardtii | jgi|Chlre3[113408le gwW.4.63.1
AslA Alexandrium tamarense CK785860
ATS1 Karlodinium micrum EC159487, EC155725, EC159597, EC159682, EC158675
Amphidinium carterae CF065437
Lingulodinium polyedrum BP742850
COG3618 | Alexandrium tamarense EC154481
Karlodinium micrum CK431462
COG3022 | Alexandrium tamarense CK785470
Lingulodinium polyedrum BP743223
EF2 Karlodinium micrum EC160362, EC159484, EC152658
Alexandrium tamarense CK782463

Amphidinium carterae

CF065997, CF067005

Heterocapsa triquetra

DT385971, DT385641

Lingulodinium polyedrum

BP743144

Pyrocystis lunula

BUS582439

Paramecium tetraurelia

scaffold 151

Isochrysis galbana

EC145862, EC143408, EC143130
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Pavlova lutheri

EC177146, EC177552, EC176343

Phytophthora ramorum

jgi|Phyral 1[71206|fgeneshl pm.C scaffold 8000012*

Phytophthora sojae

jgi|Physol 1[109259|estExt fgeneshl pm.C 810006*

Thalassiosira pseudonana

jgi|Thaps3[269148|estExt thapsl ua_kg.C chr 60290*

Jakoba libera

EC692709, EC692770, EC690987

Cyanophora paradoxa

EC660009, EG946313, EG944985, EG946356

Glaucocystis
nostochinearum

EC124674

Note: All sequences except for the sequences labeled with “*” and “**” are available
from the GenBank nonredundant data base and dbEST
(http://www.ncbi.nlm.nih.gov/). Sequences labeled with “*”are available from the
DOE Joint Genome Institute (JGI) (http://www.jgi.doe.gov/); “**” — from the
Cyanidioschyzon merolae Genome Project database (http://merolae.biol.s.u-

tokyo.ac.jp/
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- 100, Synechococcus sp. JA-3-3Ab
A Fe ADH 68 Thermosynechococcus elongatus BP-1
Chlamydomonas reinhardtii - PLANTAE (Green Alga)
Lyngbya sp. PCC 8106
Spironucleus barkhanus . .
Giardia lamblia |D'p'°m°“ad'da (EX)
Cryptosporidium hominis - Alveolata (CH)
Pasteurella multocida subsp. multocida str. Pm70
Actinobacillus pleuropneumoniae
Streptococcus pyogenes MGAS8232
Streptococcus pneumoniae D39
Entamoeba invadens
00~ Entamoeba histolytica AMOEBOZOA
1 Desulfotalea psychrophila LSv54
1001 100! Geobacter lovieyi SZ
100100 Clostridium perfringens str. 13
100 Trichomonas vaginalis - Parabasalida (EX)
Shewanella putrefaciens CN-32
tn Escherichia coli UTI89
Vibrio alginolyticus 12G01

Psychromonas sp. CNPT3
Carboxydothermus hydrogenoformans Z-2901

Schizosaccharomyces pombe  OPISTHOKONTA (Fungi)
Trypanosoma cruzi - Euglenozoa (EX)
Mannheimia succiniciproducens MBEL55E
Bacillus coagulans 36D1

100 & Naegleria gruberi - Heterolobosea (EX)

100 \———————————— | eishmania major _-

100~ Colwellia psychrerythraea 34H
Marinomonas sp. MED121
Azotobacter vinelandii AvOP
Pseudoalteromonas atlantica Téc
Maricaulis maris MCS10
Mycobacterium smegmatis str. MC2 155 - Actlnobacterium
Karenia brevis - Dinoflagellate I(-’
Burkholderia phytofirmans PsJN roteobacterium
Jakoba libera - Jakobida (EX)

100
100

Proteobacteria

Homo sapiens
Danio rerio
Drosophila melanogaster OPISTHOKONTA
Caenorhabditis elegans
Dictyostelium discoideum - AMOEBOZOA

NeUfOSpOfa crassa
0. 1100E Aspergillus fumigatus |0P|STHOKONTA
B PutA

100,

Delftia acidovorans SPH-1
Comamonas testosteroni KF-1
Parvibaculum lavamentivorans DS-1 )
Oceanospirillum sp. MED92 |Proteobacteria
Verminephrobacter eiseniae EF01-2
Methylibium petroleiphilum PM1
OMycobacterlur’r% sp. JLS bActlnobacterlum
arenia brevis
Karlodinium micrum Dinoflagellates (CH)
Ralstonia eutropha H16
Burkholderia phytofirmans PsJN
Burkholderia phymatum STM815 Proteobacteria
100 I Oceanicola batsensis HTCC25
Sinorhizobium meliloti 1021
100, Escherichia colil E24377TA
Shigella sonnei Ss046
Pseudomonas mendocina
Azotobacter vinelandii AvOP
Photorhabdus luminescens
F’haeodactw:m tricornutum - Stramenopiles (CH)
Pol/nucleobacter sp. QL MWA-1
[dieria sulphuraria
Cyanidioschyzon merolae
Ostreococcus tauri
Chlamydomonas reinhardtii PLANTAE
Arabidopsis thaliana
Zea mays
Bombyx mori
Neurospora crassa
Asperg/llus fumigatus
ryptococcus neoformans var. neoformans JEC21  |OPISTHOKONTA
Rhizopus oryzae
Seculamonas ecuadoriensis - Jakoblda (EX)
Blastopirellula marina DSM 3|
Phytophthora ramorum Stramenoplles (CH)
hysarum po/ycepha/um AMOEBOZO.
Crocosphaera watsonii WH 8501
Trichodesmium e thraeum IMS101
Lyngbya sp. PCC
lakoba libera - Jakoblda (EX)

100— Homo sapiens
Bg Q0L Gallus gallus
153410 Danio rerio OPISTHOKONTA
0.1

o1

Caenorhabditis elegans

Origins of iron-containing alcohol dehydrogenase (Fe-ADH) and NAD-dependent aldehyde
dehydrogenase (PutA) in eukaryotes by multiple HGTs

A. ML tree of Fe-ADH. B. ML tree of PutA. The numbers above and below the branches are the results of ML
and NJ bootstrap analyses, respectively. Only bootstrap values > 60% are shown. The thick branches indicate
> 0.96 posterior probability from Bayesian inference. Branch lengths are proportional to the number of
substitutions per site (see scale bars). CH and brawn color indicate a supergroup Chromalveolata; EX and blue
color indicate a supergroup Excavata. Red color indicates Opisthokonta, pink — Amoebozoa, green — Plantae.
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A. PBPb
Isochrysis galbana
ﬁI: I . |Haptophytes
Emiliania huxleyi
Karenia brevis Dinofl at
in
Karlodinium micrum oflagellates CH

Phaeodactylum tricornutum - Stramenopiles
Alexandrium tamarense - Dinoflagellate

Euglena gracilis - Euglenozoa (Ex)
88

Rhizobium etli CFN 42
93

Stenotrophomonas maltophilia R551-3
Burkholderia phytofirmans PsJN
Polynucleobacter sp. QLW-P1DMWA-1

Proteobacteria

Delftia acidovorans SPH-1

Polaromonas sp. JS666
Synechocystis sp. PCC 6803 - Cyanobacterium

Desulfuromonas acetoxidans DSM 684

0Geobacter metallireducens GS-15 Proteobacteria
Anaeromyxobacter sp. Fw109-5

Pelobacter propionicus DSM 2379
Paramecium tetraurelia
Tetrahymena thermophila SB210
Campylobacter lari RM2100
Syntrophobacter fumaroxidans MPOB
Burkholderia pseudomallei 1710b
Polaromonas naphthalenivorans CJ2
Alexandrium tamarense

Karenia brevis Dinoflagellates (CH)
100 Sawyeria marylandensis - Heterolobosea (EX)
Acanthamoeba castellanii - Amoebozoa

|Stramenopi|es (CH)

|Ciliates (CH)

Proteobacteria

Phaeodactylum tricornutum
66! Thalassiosira pseudonana

95y Arabidopsis thaliana
|7 OE Oryza sativa
Chlamydomonas reinhardtii

86— Homo sapiens
62 a| EDanio rerio
Drosophila melanogaster

0.1

PLANTAE

OPISTHOKONTA

Origins of substrate-bound periplasmic binding protein (PBPb) and silent information regulator
2 (SIR2) in protists

A. ML tree of PBPb. B. ML tree of SIR2. The numbers above and below the branches are the results
of ML and NJ bootstrap analyses, respectively. Only bootstrap values > 60% are shown. The thick
branches indicate > 0.96 posterior probability from Bayesian inference. Branch lengths are
proportional to the number of substitutions per site (see scale bars). Short abbreviations and the color

scheme are as above.
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COG3129 - like protein

Pseudomonas putida F1

A. Arylsulfatase A (AslA) B.

Alexandrium tamarense

Dinoflagellates (CH)

78 Karenia brevis - Dinoflagellate (CH)

Karenia brevis

Solibacter usitatus Ellin6076 Flavobacterium johnsoniae UW101

Bacteroides thetaiotaomicron VPI-5482

100 Bacteroides thetaiotaomicron VPI-5482

Shewanella woodyi ATCC 51908 61
Shewanella oneidensis MR-1
Streptomyces coelicolor A3(2)
100 Janibacter sp. HTCC2649 marine gamma proteobacterium HTCC2143

Salmonella typhimurium LT2

Arthrobacter aurescens TC1

100

Streptococcus pneumoniae SP11-BS70 L___Methylobacillus flagellatus KT
0.1

0.1 Clostridium perfringens ATCC 13124

C. Alpha-tubulin suppressor protein (ATS1) D. Pyridoxal phosphate biosynthetic protein PdxA

61 Karlodinium micrum
Karenia brevis

Karlodinium micrum

Solibacter usitatus Ellin6076
Rhizobium sp. NGR234
Karenia brevis - Dinoflagellate (CH)

80

Karenia brevis

88 - Karenia brevis

Karenia brevis

Karenia brevis

Acidiphilium cryptum JF-5

X 3 Moorella thermoacetica ATCC 39073
Karenia brevis
Karenia brevis

Erwinia carotovora subsp. atroseptica SCRI1043
Karlodini

Karenia brevis
Karenia brevis

100

micrum

Salmonella enterica subsp. enterica serovar Typhi str. CT18
Escherichia coli CFT073

Karenia brevis Bordetella avium 197N

Karlodini

micrum

Karenia brevis Rubrobacter xylanophilus DSM9941

Lii lodinium polyedrum
Karenia brevis
Karenia brevis
Karenia brevis
Karlodinium micrum
Bdellovibrio bacteriovorus HD100

(HO) sejejabepyoulg

Ralstonia metallidurans CH34

Oceanobacillus iheyensis HTE831

Thermosinus carboxydivorans Nor1

Haemophilus somnus 2336

Shewanella oneidensis MR-1
Psychromonas ngrahamii 37
Yersinia bercovieri ATCC 43970

Mannheimia succiniciproducens MBEL55E

Actinobacillus succinogenes 130Z

Synechococcus sp. WH 8102 ﬂ
0 Prochlorococcus marinus str. NATL2A
E. COG3618 - like protein F. COG3022 - like protein
Alexandrium tamarense
100 100 Alexandrium tamarense
83 Karlodinium micrum |Dinoflagellates (CH) . . )
Karenia brevis Dinoflagellates (CH)
Karenia brevis 68 Lingulodinium polyedrum

Bradyrhizobiu mjaponicum USDA 110 Maricaulis maris MCS10

Burkholderia multivorans ATCC 17616 Oceanicaulis alexandrii HTCC2633

89 Caulobacter crescentus CB15

Roseovarius sp. HTCC2601
Burkholderia cenocepacia MCO-3 Acidovorax sp. JS42
Bordetella parapertussis 12822 Oceanospirillum sp. MEDS2
Burkholderia sp. 383

Oceanicola batsensis HTCC2597
Ralstonia eutropha JMP134

i i HT 14
marine gamma proteobacterium HTCC2143 Acidovorax sp. JS42
Parvibaculum lavamentivorans DS-1 Photorhabdus luminescens subsp. laumondii TTO1

Shewanella sp. W3-18-1

Horizontal gene transfer from bacteria to dinoflagellates

ML trees of: A. Arylsulfatase A (AslA). B. COG3129-like protein. C. Alpha-tubulin suppressor protein
(ATS1). D. Pyridoxal phosphate biosynthetic protein PdxA. E. COG3618-like protein. F. COG3022-like
protein. The numbers above the branches are the results of ML bootstrap analyses. Only bootstrap
values > 60% are shown. Branch lengths are proportional to the number of substitutions per site
(see scale bars). Short abbreviations and the color scheme are as above.




