
0.05

Prochlorococcus marinus   KGG31623

Prochlorococcus marinus   WP_011377072

Anabaena variabilis   Q3M704

Cryptomonas curvata  FBCC300012D

Trichodesmium erythraeum   WP_047156245

Hassallia byssoidea   WP_039737322

Chroomonas placoidea  CCMP1168

Thermosynechococcus vulcanus   O50323

Synechococcus sp.   WP_006171951

Leptolyngbya sp.   BAU10842

Pyropia yezoensis   Q1XDD8

Acaryochloris marina   WP_012164713

Synechocystis sp.   WP_028949194

Cyanobacterium   WP_044107155

Rhizosolenia imbricata   YP_009093096

Chroococcidiopsis thermalis   WP_015152570

Triparma laevis   YP_009163647

Cyclotella sp.   AIR75483

Calothrix sp.   AFZ00717

Synechococcus sp.   WP_065715742

Acaryochloris marina   A8ZNW7

Fischerella muscicola   WP_016863624

Cyanophora paradoxa   NP_043141

Leptolyngbya sp.   WP_035986963

Prochlorococcus marinus   WP_032522095

Nodularia spumigena   WP_063871485

Synechococcus sp.   KZR85430

Nostoc sp.   WP_015139197

Bangia fuscopurpurea   AKE98949

Nostoc sp.   AFY45941

Scytonema hofmannii   KYC38918

Sargassum thunbergii   YP_009227320

Prochlorococcus marinus   WP_032527361

Pseudanabaena sp.   BAH22169

Crinalium epipsammum   WP_015202370

Undaria pinnati�da   AMM05419

Nodularia spumigena   WP_006194607

Cylindrospermopsis raciborskii   WP_006278400

Cyclotella sp.   AIR75624

Cyanobacterium   WP_017319770

Aphanizomenon �os-aquae   WP_039201828

Leptolyngbya sp.   BAU42721

Atelocyanobacterium thalassa   WP_012953804

Paulinella chromatophora   YP_002048876

Synechocystis sp.   WP_010873466

Phormidesmis priestleyi   KPQ37488

Prochlorococcus sp.   WP_036912335

Nostoc piscinale   WP_062295956

Nostoc sp.   BAT56488

Dolichospermum circinale   WP_028088633

Halothece sp.   WP_015225432

Cyanothece sp.   WP_015954854

Cyanobium gracile   WP_015110666

Thermosynechococcus elongatus   WP_011056040

Anabaena sp.   WP_053540840

Calothrix parietina   WP_041739258

Anabaena sp.   OBQ24240

Grateloupia taiwanensis   YP_008144788

Rubidibacter lacunae   WP_022608771

Microcystis aeruginosa   WP_004160014

Geitlerinema sp.   WP_015172922

Pseudo-nitzschia multiseries   YP_009162663

Anabaena sp.   WP_016949529

Prochlorococcus marinus   WP_011825179

Synechococcus elongatus   BAH22147

Aphanocapsa montana   WP_039729087

Anabaena cylindrica   WP_015217475

Heterosigma akashiwo   Y23P_0019363

Microcystis aeruginosa   WP_061432580

Cylindrospermum stagnale   AFZ24299

Leptolyngbya sp.   WP_023072996

Oscillatoria sp.   WP_007353288

Prochlorococcus sp.   WP_025938646

Acaryochloris marina   WP_041661416

Pseudanabaena sp.   BAH22171

Leptolyngbya sp.   BAH22157

Pleurocapsa sp.   WP_019504182

Dactylococcopsis salina   WP_015228134

Cylindrotheca closterium   YP_009029136

Coleofasciculus chthonoplastes   BAH22160

Leptolyngbya sp.   WP_006513616

Leptolyngbya sp.   WP_058998600

Aureococcus anophage�erens   YP_003002040

Phormidium sp.   BAH22167

Microcystis aeruginosa   WP_002797729

Fischerella muscicola   WP_016867666

Arthrospira platensis   BAH22154

Mastigocladus laminosus   WP_044453149

Nostoc punctiforme   WP_012407589

Fischerella sp.   WP_009458011

Phormidium willei   OAB57629

Oscillatoriales   WP_009554131

Costaria costata   YP_009182378

Synechococcus sp.   WP_012308054

Microchaete sp.   WP_017652696

Stanieria sp.   BAU64149

Synechococcus sp.   WP_006456066

Microcystis aeruginosa   WP_002759846

Chrysosporum ovalisporum   CEJ43814

Prochlorococcus sp.   WP_038654071

Planktothrix sp.   WP_026786572

Cyanothece sp.   WP_013324620

Prochlorococcus sp.   WP_025915054

Stanieria cyanosphaera   WP_015193018

Calothrix sp.   WP_015130974

Acaryochloris marina   WP_010472301

Cyanobacterium   WP_017321738

Prochlorococcus marinus   WP_011824379

Aureoumbra lagunensis   YP_003002179

Prochlorococcus sp.   WP_036900500

Leptolyngbya sp.   WP_023076977

Synechococcus sp.   WP_006851861

Prochlorococcus marinus   WP_011133065

Oscillatoria nigro-viridis   WP_015174510

Synechococcus sp.   WP_030006718

Planktothricoides sp.   WP_054465780

Cyanothece sp.   WP_012594532

Fistulifera solaris   YP_004376636

Pseudanabaena sp.   BAH22168

Prochlorococcus marinus   WP_011863549

Anabaena sp.   WP_015083040

Pseudanabaena sp.   WP_019500096

Nodularia spumigena   BAH22175

Nostoc cf. commune   BAG48528

Aliterella atlantica   WP_045055296

Calothrix sp.   WP_035149954

Gloeobacter violaceus   WP_011141029

Tolypothrix sp.   WP_045871448

Pleurocapsa sp.   BAH22151

Cyanobacterium stanieri   AFZ45993

Pyropia haitanensis   YP_007947879

Microcystis aeruginosa   WP_002755764

Spirulina subsalsa   WP_017303097

Prochlorococcus marinus   WP_002805622

Chrysochromulina sp.   AHY04389

Leptolyngbya sp.   WP_015134386

Synechococcus sp.   WP_011620191

Microcystis aeruginosa   ACB37698

Anabaena sp.   WP_016951427

Cylindrospermopsis sp.   WP_057178154

Dolichospermum circinale   WP_028082733

Prochlorococcus marinus   WP_063406436

Geminocystis sp.   BAQ59925

Anabaena cylindrica   WP_015216715

Trichormus azollae   WP_041643235

Rivularia sp.   WP_015116771

Calliarthron tuberculosum   YP_0078781

Lyngbya aestuarii   WP_023069515

Pseudanabaena sp.   WP_055076706

Saccharina japonica   YP_006639037

Gelidium vagum   YP_009244366

Leptocylindrus danicus   YP_009029404

Synechococcus sp.   WP_011433224

Anabaena sp.   OBQ36461

Aphanizomenon �os-aquae   WP_027403126

Trichodesmium erythraeum   WP_011610149

Anabaena sp.   OBQ06141

Tolypothrix sp.   WP_045871487

Phormidium sp.   KPQ38904

Synechococcus sp.   WP_015123389

Nostoc commune   BAF95909

Phormidium willei   OAB56067

Leptolyngbya sp.   WP_027269099

Microcystis aeruginosa   WP_002804202

Raphidiopsis brookii   WP_009343442

Nostoc azollae   ADI64918

Microcoleus sp.   WP_015184308

Oscillatoria sp.   WP_017717869

Leptolyngbya sp.   BAU11536

Scytonema tolypothrichoides   WP_048868921

Symploca atlantica   BAH22174

Pyropia fucicola   AIA21583

Lyngbya sp.   WP_009786498

Mastigocladopsis repens   WP_017315949

Xenococcus sp.   WP_006510424

Scytonema tolypothrichoides   WP_048870599

Cyanobacterium aponinum   WP_015219170

Anabaena sp.   WP_015079668

Nostoc sp.   WP_015113913

Halothece sp.   WP_015225564

Fischerella sp.   WP_017311935

Odontella sinensis   NP_043619

Scytonema hofmanni   WP_029634993

Pavlova lutheri   YP_007476280

Nostoc punctiforme   WP_0124079

Gloeobacter violaceus   WP_011142891

Chlorogloeopsis fritschii   WP_016877280

Richelia intracellularis   WP_008230076

Cyanobacterium   WP_017321482

Emiliania huxleyi   YP_277332

Geminocystis sp.   BAQ66593

Stanieria cyanosphaera   BAH22152

Arthrospira maxima   WP_006622402

Limnoraphis robusta   WP_046280640

Planktothricoides sp.   WP_054466095

Microcystis aeruginosa   WP_046663515

Geminocystis sp.   BAQ61558

Rhodomonas salina  CCMP1319   YP_001293484

Microcystis aeruginosa   WP_002742506

Pleurocapsa minor   WP_015142261

Gloeocapsa sp.   WP_006530607

Microcystis aeruginosa   WP_002788225

Geminocystis herdmanii   WP_017295911

Planktothrix sp.   WP_026788053

Anabaena variabilis   WP_011316758

Prochlorococcus sp.   WP_025965002

Eunotia naegelii   YP_009059268

Synechococcus sp.   WP_006854299

Fischerella sp.   WP_009756747

Prochlorococcus sp.   WP_036919116

Gloeocapsa sp.    WP_015186661

Synechococcus elongatus   WP_011243156

Rubidibacter lacunae   WP_022603714

Nostoc commune   BAG48530

Synechococcus sp.   WP_010315362

Prochlorothrix hollandica   WP_017713500

Prochlorococcus sp.   WP_025889294

Microcystis aeruginosa   WP_002750554

Cyanothece sp.   WP_009544164

Dactylococcopsis salina   WP_015230198

Mastigocoleus testarum   WP_027846173

Cyanobacterium   WP_018398607

Thermosynechococcus sp.   WP_024124017

Fischerella muscicola   WP_016865329

Stanieria sp.   BAH22153

Prochlorococcus sp.   WP_025930836

Calothrix parietina   WP_015200995

Phormidesmis priestleyi   KPQ33411

Microcystis panniformis   WP_052275504

Fischerella muscicola   WP_016859319

Prochlorococcus marinus   WP_063403586

Anabaena sp.   WP_053539840

Microcoleus sp.   WP_015185157

Phormidium ambiguum   BAH22165

Cryptomonas paramecium  CCAP977/2a   YP_003359294

Gracilaria salicornia   YP_009019557

Pseudanabaena sp.   WP_019501755

Pyropia kanakaensis   AIA21377

Synechococcus sp.   WP_038553244

Cyanothece sp.   WP_012630459

Chamaesiphon minutus   WP_015157755

Oscillatoria sp.   WP_017715999

Richelia intracellularis   CCH65654

Limnoraphis robusta   WP_046281741

Synechococcus sp.   WP_010310877

Tolypothrix bouteillei   WP_038074309

Pyropia perforata   AIA19916

Coleofasciculus chthonoplastes   WP_006101523

Nostoc sp.   WP_041555042

Roundia cardiophora   YP_009093226

Porphyra umbilicalis   AFC40017

Synechococcus sp.   WP_017326110

Leptolyngbya sp.   WP_059000490

Cyanobacterium   WP_044106690

Prochlorococcus marinus   WP_032523284

Nodosilinea nodulosa   WP_026072825

Undaria pinnati�da   YP_009182517

Microcystis aeruginosa   WP_002770556

Cyanobium sp.   WP_006911407

Atelocyanobacterium thalassa   KFF41464

Cyanobacterium   KRO94263

Synechococcus sp.   WP_024545344

Microcystis aeruginosa   WP_024970482

Calothrix sp.   WP_019490875

Prochlorococcus sp.   WP_019475341

Gelidium elegans   YP_009244167

Prochlorococcus marinus   WP_011819051

Oscillatoria rosea   BAH22163

Oscillatoria acuminata   BAH22161

Sporolithon durum   YP_009243966

Prochlorococcus sp.   WP_025894966

Neosynechococcus sphagnicola   WP_036536395

Wildemania schizophylla   YP_009237447

Cylindrospermopsis sp.   WP_057177025

Chlorogloeopsis fritschii   WP_016878546

Cryptophyte species  CCMP2045   ACA04000

Geminocystis sp.   BAQ66128

Porphyra pulchra   YP_009244660

Thalassiosira pseudonana   YP_874582

Chroococcidiopsis thermalis   BAH22148

Fucus vesiculosus   YP_005090032

Geitlerinema sp.   WP_015170801

Atelocyanobacterium thalassa   KFF42020

Richelia intracellularis   WP_008235009

Prochlorococcus sp.   WP_029986021

Pseudanabaena sp.   WP_015165256

Aphanizomenon �os-aquae   OBQ29460

Nodularia spumigena   EAW45429

Leptolyngbya sp.   WP_015135231

Prochlorococcus sp.   WP_063396312

Prochlorococcus marinus   WP_032520163

Cyanothece sp.   WP_013320533

Cyanothece sp.   WP_009545495

Atelocyanobacterium thalassa   WP_012954134

Myxosarcina sp.   WP_036486076

Anabaena sp.   OBQ15391

Galdieria sulphuraria   YP_0090510

Cyanobium sp.   KEF43115

Richelia intracellularis   CDN13814

Gloeocapsa sp.   WP_006528647

Synechococcus sp.   KZR89152

WP_0125Cyanothece sp.   96119

Synechococcus sp.   WP_043692649

WP_0638744

Synechococcus sp.   WP_062431760

Cerataulina daemon   YP_009093367

Prochlorococcus sp.   WP_025926978

Synechococcus sp.   WP_011127385

Synechocystis sp.   AAA27284

Geitlerinema sp.   WP_017663465

Dolichospermum circinale   WP_028085385

Synechocystis sp.   WP_010872041

Pleurocapsa sp.   WP_019506109

Leptolyngbya sp.   WP_035984973

Synechococcus sp.   WP_015124242

Synechococcus sp.   WP_006043325

Acaryochloris sp.   WP_0104765

Nostoc cf. commune   BAG48522

Synechococcus sp.   WP_065712890

Pleurocapsa sp.   BAH22150

Pseudanabaena biceps   WP_009629537

Cyanothece sp.   WP_008273166

Prochlorococcus sp.   WP_042850982

Didymosphenia geminata   YP_009029267

Oscillatoria acuminata   WP_015149515

Cyanidiaceae sp.   AIA61157

Lyngbya aestuarii   BAH22159

Synechococcus sp.   WP_011430255

Fischerella sp.   WP_017311910

Prochlorococcus sp.   WP_025956976

Pyropia perforata   YP_009027633

Mastigocladopsis repens   WP_017316382

Planktothrix proli�ca   WP_026797824

Cyanidium caldarium   NP_045126

Guillardia theta  CCMP2712   NP_050670

Nostoc �agelliforme   BAG48520

Synechococcus sp.   WP_007101658

Lithodesmium undulatum   YP_009029499

Microcystis aeruginosa   WP_002802700

Chaetoceros simplex   YP_009092951

Fischerella sp.   WP_026733542

Prochlorococcus marinus   WP_012196107

Scytonema hofmanni   WP_029638606

Aphanizomenon �os-aquae   WP_027404027

Richelia intracellularis   WP_008233163

Synechocystis sp.   WP_009632953

Pyropia yezoensis   AGH27677

Synechococcus sp.   WP_017324774

Mastigocladus laminosus   WP_044452656

Oscillatoria sp.   BAH22164

Microcoleus vaginatus   WP_006633071

Porphyra purpurea   NP_053959

Scytonema millei   WP_039713349

Nostoc cf. verrucosum   BAG48516

Synechococcus sp.   WP_011433315

Aliterella atlantica   WP_045056055

Prochlorococcus sp.   WP_025937575

Lyngbya aestuarii   WP_023068927

Planktothrix agardhii   WP_027249228

Asterionellopsis glacialis   YP_009028837

Fischerella sp.   WP_009457507

Ectocarpus siliculosus   YP_003289226

Synechococcus elongatus   WP_011244099

Oscillatoria sp.   WP_007353485

Thermosynechococcus sp.   WP_024124271

Prochlorococcus marinus   WP_011295314

Anabaena sp.   OBQ20416

Cylindrospermopsis raciborskii   WP_061546539

Synechocystis sp.   WP_009633919

Nostoc sp.   WP_010996060

Oscillatoria nigro-viridis   WP_015177119

Cyanobacterium stanieri   AFZ47743

Dolichospermum circinale   WP_028089933

Vertebrata lanosa   YP_009122307

Synechococcus sp.   WP_030006933

Geminocystis herdmanii   WP_017294974

Calothrix sp.   WP_019488785

Crinalium epipsammum   WP_015201979

Gloeocapsa sp.   WP_015186725

Prochlorothrix hollandica   WP_017711036

Aphanizomenon �os-aquae   OBQ21332

Nodularia spumigena   WP_042202155

Xenococcus sp.   WP_006511386

Synechococcus sp.   WP_048347138

Tolypothrix campylonemoides   WP_041033040

Planktothrix agardhii   WP_042154611

Prochlorococcus marinus   WP_011820917

Fischerella sp.   WP_026733795

Synechocystis sp.   BAA02180

Microcystis aeruginosa   WP_016516009

Pleurocapsa minor   WP_015142786

Geitlerinema sp.   BAH22155

Phaeocystis antarctica   YP_005088645

Anabaena sp.   Q9AMJ8

Prochlorococcus marinus   WP_032524978

Prochlorococcus marinus   WP_011130817

Richelia intracellularis   CDN11427

Synechococcus sp.   WP_048018176

Chrysosporum ovalisporum   CEJ44176

Microcystis aeruginosa   WP_002776160

Aphanizomenon �os-aquae   OBQ25374

Nostoc sp.   BAG48544

Synechocystis sp.   WP_028948843

Thermosynechococcus elongatus   WP_011057252

Galdieria sulphuraria   P28256

Rivularia sp.   WP_015119171

Hapalosiphon sp.   WP_026722382

Phaeodactylum tricornutum   YP_874451

Pseudanabaena biceps   WP_009626159

Thalassiosira weiss�ogii   YP_009093499

Synechococcus sp.   WP_011429241

Coscinodiscus radiatus   YP_009028947

Calothrix sp.   WP_019491742

Raphidiopsis brookii   WP_009342972

Storeatula sp.  CCMP1868

Prochlorococcus marinus   KGG20952

Cyanothece sp.   WP_012599165

Microcystis aeruginosa   WP_046661050

Spirulina subsalsa   BAH22173

Prochlorococcus marinus   WP_032513303

Thalassiosira oceanica   YP_004072613

Chroococcidiopsis thermalis   WP_015152680

Synechococcus sp.   WP_038546435

Coeloseira compressa   YP_009257629

Synechococcus spongiarum   KKZ10888

Anabaena sp.   Q3M6L5

Leptolyngbya sp.   WP_035987603

Tolypothrix bouteillei   WP_038085521

Pleurocapsa sp.   BAH22149

Laurencia snackeyi   CRF40213

Prochlorococcus sp.   WP_025956131

Gloeobacter kilaueensis   WP_023171298

Synechococcus sp.   WP_011936275

Tolypothrix bouteillei   WP_038085044

Vaucheria litorea   YP_002327574

Anabaena sp.   Q7WVY0

Cyanothece sp.   WP_008278380

Anabaena sp.   OBQ01394

Cylindrospermopsis raciborskii   WP_006278498

Prochlorococcus marinus   WP_032518142

Coleofasciculus chthonoplastes   WP_006099811

Calothrix sp.   WP_035153264

Acaryochloris sp.   WP_010475296

Leptolyngbya sp.   WP_008312275

Prochlorococcus marinus   WP_036905517

Leptolyngbya sp.   WP_035999449

Cylindrospermum stagnale   WP_015206485

Leptolyngbya sp.   WP_023072618

Cylindrospermum stagnale   WP_063823481

Scytonema hofmannii   KYC41538

Planktothrix proli�ca   WP_026796686

Leptolyngbya sp.   WP_036004427

Fischerella muscicola   BAH22177

Hassallia byssoidea   WP_039753705

Lyngbya sp.   WP_009787539

Cylindrospermopsis raciborskii   WP_061546140

Prochlorococcus sp.   WP_025923510

Moorea producens   WP_008180317

Nodosilinea nodulosa   WP_017296590

Nostoc sp.   BAT55290

Synechococcus sp.   WP_015169314

Microcystis aeruginosa   WP_012267175

Oscillatoria acuminata   WP_015147151

Synechococcus sp.   EDX84910

Microcystis aeruginosa   WP_004162218

Pseudanabaena sp.   BAH22170

Nostoc sp.   WP_015111848

Synechococcus sp.   WP_012305785

Oscillatoriales cyanobacterium   WP_009768317

YP_0037346   YP_003734648

Synechococcus sp.   WP_024545682

Chlorogloeopsis fritschii   WP_016873105

Leptolyngbya sp.   WP_006513937

Leptolyngbya sp.   BAH22156

Phormidium mucicola   BAH22166

Microcystis aeruginosa   WP_002744527

Hapalosiphon sp.   WP_026722402

Microcystis aeruginosa   WP_002784220

Microcystis aeruginosa   WP_016517225

Synechococcus sp.   WP_065714777

Oscillatoria neglecta   BAH22162

Chamaesiphon minutus   WP_015161862

Chondrus crispus   YP_007627330

Fischerella sp.   WP_026735557

WP_0073081

Planktothrix agardhii   AGW80486

Gracilariopsis lemaneiformis   YP_009237853

Synechococcus sp.   WP_015167856

Oscillatoriales cyanobacterium   WP_058883100

Rhodomonas sp. CCMP1170   ABX10864

Cyanothece sp.   WP_012627767

Bangia atropurpurea   YP_009254620

Scytonema hofmannii   KYC39217

Cyanophora paradoxa   AIU44545

Spirulina subsalsa   WP_017306382

Stanieria cyanosphaera   WP_015195459

Geitlerinema sp.   WP_017661781

Synechococcus sp.   WP_028952751

Leptolyngbya boryana   WP_017288542

Trichodesmium erythraeum   WP_011613646

Sargassum horneri   YP_009243696

Microchaete sp.   WP_017652866

Crocosphaera watsonii   WP_007303269

Cyanobacterium aponinum   WP_015218965

Nodosilinea nodulosa   WP_017298742

Arthrospira platensis   WP_006618363

Rhodomonas sp.  CCMP1178   ACA04002

Planktothrix sp.   WP_026795295

Mastigocoleus testarum   WP_058184170

Synechococcus sp.   WP_009790474

Cyanobacterium   WP_018399554

Teleaulax amphioxeia  HACCP-CR01   YP_009159164

Prochlorococcus sp.   WP_025922614

Nostoc sp.   WP_010997806

Pseudanabaena catenata   BAH22172

Cyanobacterium   WP_017321918

Ulnaria acus   YP_005089749

Synechococcus spongiarum   KKZ12391

Nostoc punctiforme   WP_012409490

Nostoc linckia var. arvense   BAG48534

Anabaena sp.   OBQ38624

Anabaena variabilis   ABA23371

Arthrospira maxima   WP_006625833

Tolypothrix campylonemoides   WP_041037412

Tolypothrix sp.   WP_045872371

Microcystis aeruginosa   WP_002737038

Pyropia yezoensis   YP_537030

Asterionella formosa   YP_009028669

Cyanobium sp.   SBO44519

Leptolyngbya sp.   BAU40703

Scytonema millei   WP_039715090

Calothrix sp.   WP_015127399

Prochlorococcus sp.   WP_025952072

Oscillatoriales   WP_0588815

Nodosilinea nodulosa   BAH22158

Microcystis aeruginosa   WP_002792604

Cyanidioschyzon merolae   NP_849007

Aphanocapsa montana   WP_039726130

Phaeocystis globosa   YP_008145418

Chlorogloeopsis fritschii   BAH22176

Arthrospira platensis   WP_014276880

Synechococcus sp.   AAA27314

Pseudanabaena sp.   WP_055075706

Gracilaria tenuistipitata var. liui   YP_063549

Microcoleus vaginatus   WP_006634424

Microcystis aeruginosa   WP_024970847

Myxosarcina sp.   WP_036480285

Gloeobacter kilaueensis   WP_0231755

Synechococcus sp.   WP_007098818

Cylindrospermum stagnale   WP_015205865

Leptolyngbya sp.   WP_006516273

Microcystis aeruginosa   WP_002769846

Pyropia perforata   AIA20125

Pelagomonas sp.   AFR24827

Prochlorococcus marinus   WP_032516283

Synechococcus spongiarum   KKZ09979

Anabaena sp.   OBQ38501

Fischerella muscicola   WP_016870295

Prochlorococcus sp.   WP_011125739

Anabaena sp.   OBQ39069

Microcystis aeruginosa   WP_002738098

Fischerella sp.   WP_062243699

Durinskia baltica   YP_003735048

Leptolyngbya sp.   WP_036001242

Prochlorococcus sp.   WP_025946381

Nostoc commune   BAG48532

Moorea producens   WP_008178217

Stanieria sp.   BAU64372

Synechococcus sp.   WP_0119338

Fischerella muscicola   WP_016863379

Synechococcus sp.   WP_038015768

Trichormus azollae   WP_013191732

Prochlorococcus sp.   WP_025933955

Pseudanabaena sp.   WP_015165611

Leptolyngbya boryana   WP_026148478

Gracilaria chilensis   YP_009244567
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Red-algal derived algae

Cyanobacteria

A

Bacteria

B

Nuclear-encoded 
chaperonin cpn60 

Plastid-encoded 
groEL

Location of introns in groEL   gene

2Storeatula species                            CCMP1868

3Rhodomonas salina        CCMP1319

2Chroomonas placoidea CCAP978/8

530aa

530aa

1Cryptomonas paramecium           CCMP1868

528aa

inverted

2Cryptomonas curvata                      FBCC300012D

41aa 503aa

278aa

548nt

41aa 489aa643nt

4Rhodomonas baltica                        RCC350

530aa
4Rhodomonas species                       CCMP1170

4Rhodomonas species                       CCMP1178 373aa

444aa

505nt

4Cryptophyte species                       CCMP2045 139aa

454 aa

235aa
1882nt

5Rhodomonas salina                           Maier

6Teleaulax amphixeia        HACCP-CR01 530aa

7Guillardia theta                                      CCMP2712         530aa

C
528aa

1514nt

41aa 2153nt

41aa 806nt 2168nt

1Donaher et al. 2009;   2This study;   3Khan et al. 2007;    4Khan and Archibald 2008;   
5Maier et al. 1995;   6Kim et al. 2015;    7Douglas et al. 1999
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Nannochloropsis oculata   AGI99083

Ochromonas sp.  CCMP1393   AIM52784

Nannochloropsis oculata   YP_008519729

Nannochloropsis gaditana   YP_007317058

Nannochloropsis gaditana   AHX25105

Nannochloropsis granulata   YP_008519603
Nannochloropsis granulata   AGI98832

Nannochloropsis gaditana   AGI98706

Nannochloropsis gaditana   AFZ64229

Nannochloropsis oceanica   AGI99456

Nannochloropsis limnetica   AGI99332

Nannochloropsis salina   AGI99206

Trachydiscus minutus   YP_009131327

Nannochloropsis oceanica   YP_008520102

Nannochloropsis salina   AHX25506

Nannochloropsis oceanica   AHX25239

Nannochloropsis oculata   AHX25374

Nannochloropsis salina   YP_008519852

Nannochloropsis oceanica   AGI98957

Nannochloropsis limnetica   YP_008519976

Trachydiscus minutus   AIB04126

Eustigmatophyceae

Chrysophyceae

Ectocarpus siliculosus   YP_003289226

Heterosigma akashiwo   YP_001936323

Aureococcus anophage�erens   YP_00300204

Vaucheria litorea   YP_002327574

Costaria costata   ALF62922
Undaria pinnati�da   YP_009182517

Aureoumbra lagunensis   ACS36891

Aureococcus anophage�erens   ACS36804

Undaria pinnati�da   AMM05419

Vaucheria litorea   ACF70991

Sargassum thunbergii   AMB49070
Sargassum horneri   YP_009243696

Saccharina japonica   YP_006639037

Sargassum horneri   AKO62467

Saccharina japonica   AFC40091

Sargassum thunbergii   YP_009227320

Ectocarpus siliculosus   CAV31257

Fucus vesiculosus   CAX12412

Undaria pinnati�da   AKG49942

Costaria costata   YP_009182378

Fucus vesiculosus   YP_005090032

Aureoumbra lagunensis   YP_003002179
Pelagomonas sp.   AFR24827

Heterosigma akashiwo   ABV65929
Heterosigma akashiwo   ABV70070

Pseudo-nitzschia multiseries   AKT26064

Cyclotella sp.   AIR75624

Chaetoceros simplex   YP_009092951

Thalassiosira oceanica   YP_004072613
Thalassiosira oceanica   ADB27566

Roundia cardiophora   YP_009093226

Phaeodactylum tricornutum   YP_874451

Fistulifera solaris   YP_004376636

Pseudo-nitzschia multiseries   YP_009162663

Lithodesmium undulatum   AGH29030

Odontella sinensis   CAA91651

Coscinodiscus radiatus   YP_009028947
Coscinodiscus radiatus   AGH28491

Asterionella formosa   YP_009028669

Cerataulina daemon   YP_009093367

Didymosphenia geminata   YP_009029267

Eunotia naegelii   AHI51253

Thalassiosira weiss�ogii   YP_009093499

Lithodesmium undulatum   YP_009029499

Cyclotella sp.   AIR75483

Asterionella formosa   AGH28219

Thalassiosira weiss�ogii   AIR76172

Asterionellopsis glacialis   AGH28384

Eunotia naegelii   AHI51215

Cerataulina daemon   AIR76040

Thalassiosira pseudonana   YP_874582

Chaetoceros simplex   AIR75342

Roundia cardiophora   AIR75899

Cylindrotheca closterium   YP_009029136

Rhizosolenia imbricata   AIR75769

Fistulifera solaris   BAK19002

Ulnaria acus   YP_005089749

Cylindrotheca closterium   AGH28667

Eunotia naegelii   YP_009059306

Rhizosolenia imbricata   YP_009093096

Didymosphenia geminata   AGH28798

Asterionellopsis glacialis   YP_009028837

Phaeodactylum tricornutum   ABK20674

Thalassiosira pseudonana   ABK20805

Odontella sinensis   NP_043619

Eunotia naegelii   YP_009059306

Ulnaria acus   AEX37874

Leptocylindrus danicus   YP_009029404

Triparma laevis   YP_009163647
Leptocylindrus danicus   AGH28935

Triparma laevis   BAS19101

Galdieria sulphuraria   YP_009051022

Emiliania huxleyi   YP_277332
Chrysochromulina sp.   AHY04389

Phaeocystis globosa   YP_008145418
Phaeocystis antarctica   YP_005088645

Haptophyta I 

Pyropia yezoensis   AGH27677

Pyropia perforata   YP_009027633

Gracilaria tenuistipitata var. liui   YP_063549

Pyropia kanakaensis   AIA21377

Gracilaria salicornia   YP_009019557

Pyropia perforata   AIA19916

Pyropia yezoensis   YP_537030

Gracilaria chilensis   YP_009244567

Pyropia haitanensis   YP_007947879

Bangia fuscopurpurea   AKE98949

Pyropia fucicola   AIA21583

Bangia atropurpurea   YP_009254620

Pyropia perforata   AIA20125

Grateloupia taiwanensis   YP_008144788

Rhodophyta II

Guillardia theta  CCMP2712   NP_050670

Storeatula sp.  CCMP1868

Teleaulax amphioxeia  HACCP-CR01   YP_009159164

Cryptomonas paramecium  CCAP977/2a   YP_003359294

Rhodomonas sp. CCMP1178   ACA04002
Cryptophyte species  CCMP2045   ACA04000

Chroomonas placoidea  CCAP977/2a

Cryptomonas curvata  FBCC300012D
Chroomonas mesostigmatica  CCMP1168 Cryptophyta

Cyanophora paradoxa   NP_043141
Cyanophora paradoxa   AIU44545

Pavlova lutheri   AGE93778

Pavlova lutheri   YP_007476280
Pavlova lutheri   YP_007476280 Haptophyta II 

Glaucophyta

Rhapidophyceae

Phaeophyceae

Xanthophyceae

Pelagophyceae

Bacillariophyceae

Bolidophyceae

Ectocarpus siliculosus   CAT18796

Blastocystis hominis   XP_012899369

Nannochloropsis gaditana   EWM24609

Blastocystis hominis   CBK25321

Phytophthora nicotianae   KUF85566

Saprolegnia diclina   EQC41878

Saprolegnia parasitica   KDO32441

Pythium aphanidermatu   AAV84293

Aphanomyces astaci   XP_009842908

Nannochloropsis gaditana   EWM2460

Aphanomyces astaci   ETV67651

Phytophthora parasitica   ETP11424

Saprolegnia parasitica   XP_012196892

Vaucheria litorea   AFA52570
Nannochloropsis gaditana   EWM24977

Phytophthora parasitica   ETK81723

Phytophthora parasitica   ETO70315

Phytophthora parasitica   ETL88368

Phytophthora parasitica   ETM41616

Phytophthora parasitica   ETP39556

Phytophthora parasitica   XP_008894090

Aphanomyces invadans   XP_008862081
Aphanomyces invadans   ETW08276

Saprolegnia diclina   XP_008604447

Plasmopara halstedii   CEG38507

Phytophthora parasitica   ETI41692

Ectocarpus siliculosus   CBJ29911

Phytophthora parasitica   ETL35126

Aphanomyces invadans   XP_008862081

Phytophthora parasitica   ETN20081

Nannochloropsis gaditana   EWM26124

Aphanomyces invadans   ETW08274
Stramenopiles

Figure S3. Phylogenetic tree based on groEL. 

2Chroomonas mesostigmatica CCMP1168 41aa 503aa

278aa

548nt
1514nt

416aa 170aa

514 aa

1615nt
2513nt


