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Online Resource 5. Phylogenetic trees of Ndh proteins. 

Nine components of the chloroplast Ndh complex, A, B, C, E, F, G, H, I, and K are analyzed, either 

individually or as a catenated sequences. The sequences were retrieved from Gclust dataset 

CPBACT10. Phylogeny of NdhD was complicated because of many paralogs, whereas NdhJ was 

not present in Nephroselmis. These two subunits were not analyzed with other subunits, but 

individual trees were constructed based on Gclust dataset CyanoClust 4.  
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Prochlorococcus_marinus_MIT9313_PMT2019_ndhI

Synechocossus_sp._WH7803_SynWH7803_2290

Mesostigma_viride_Cp_ndhI

Prochlorococcus_marinus_MIT9303_P9303_26891_ndhI

Rhodospirillum_rubrum_ATCC_11170_Rru_A1563
Escherichia_coli_K-12_MG1655_b2281_nuoI

Synechococcus_sp._RCC307_SynRCC307_2278

0.51/0.84

0.58/1

0.
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/1

1/1

1/1

0.52/0.78

0.56/1

0.
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/0
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0.56/
0.94

0.90/0.95

0.5

Synechococcus_sp._PCC7002_SYNPCC7002_A2749_ndhK

Prochlorococcus_marinus_CCMP1375_Pro0324_ndhK

Prochlorococcus_marinus_MIT9313_PMT1892_ndhK

Rhodopsudomonas_palustris_CGA009_RPA2951_nuoB1

Prochlorococcus_marinus_CCMP_1986_PMM0293_ndhK

Synechococcus_sp._PCC_6301_syc0369_c_ndhK

Prochlorococcus_marinus_AS9601_A9601_03161_ndhK

Synechococcus_sp._WH8102_SYNW0208_ndhK

Anabaena_sp._PCC_7120_all3841_ndhK

Prochlorococcus_marinus_MIT9211_P9211_03191_ndhK

Paulinella_chromatophora_CHR_PCC_0495_ndhK

Synechococcus_sp._RCC307_SynRCC307_0214

Prochlorococcus_marinus_MIT9215_P9215_03181_ndhK

Chaetospheridium_globosum_Cp_ndhK

Crocosphaera_watsonii_WH8501_g730

Staurastrum_punctulatum_Cp_StpuCp021_ndhK

Mesostigma_viride_Cp_ndhK

Prochlorococcus_marinus_MIT9312_PMT9312_0295

Synechococcus_sp._CC9311_sync_0243

Prochlorococcus_marinus_MIT9301_P9301_03171_ndhK

Synechococcus_sp._9902_Syncc9902_0231

Nostoc_punctiforme_sp._PCC73102_NpR5547

Chlorokybus_atmophyticus_Cp_ChatCp055_ndhK

Prochlorococcus_marinus_NATL1A_NATL1_03731_ndhK

Rhodospirillum_rubrum_ATCC_11170_Rru_A1556
Clorobium_tepidum_CT0767_ndhH

Prochlorococcus_marinus_NATL2A_PMN2A_1659

Microcystis_aeruginosa_NIES843_MAE_11770_ndhK
Acaryochloris_marina_MBIC11017_AM1_1371_ndhK

Nephroselmis_olivacea_Cp_ndhK

Cyanobacterium_Yellowstone_A-prime_CYA_1995
Cyanobacterium_Yellowstone_B-prime_CYB_2333

Anabaena_variabilis_ATCC_29413_Ava_1859

Trichodesmium_erythraeum__405_1_Tery_3500

Zygnema_circumcarinatum_ZyciCp077_ndhK

Synechococcus_sp._9605_Syncc9605_0204

Synechocossus_sp._WH7803_SynWH7803_0253

Prochlorococcus_marinus_MIT9303_P9303_25251_ndhK

Gloeobacter_violaceus_gvip081_ndhK

Synechocystis_sp._PCC_6803_slr1280_ndhK

Escherichia_coli_K-12_MG1655_b2287_nuoB

Thermosynechococcus_elongatus_tlr0705_ndhK

Prochlorococcus_marinus_MIT9315_P9515_03261_ndhK

1/1
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Bacteria (outgroup)

Paulinella

0.5

Rhodopsudomonas_palustris_CGA009

Synechococcus_sp._PCC7002

Anabaena_sp._PCC_7120

Mesostigma_viride_Cp
Chaetospheridium_globosum_Cp

Chlorobium_tepidum

Cyanobacterium_Yellowstone_A-prime

Prochlorococcus_marinus_MIT9211

Microcystis_aeruginosa_NIES843

Prochlorococcus_marinus_CCMP1375

Anabaena_variabilis_ATCC_29413

Chlorokybus_atmophyticus_Cp

Crocosphaera_watsonii_WH8501
Synechocystis_sp._PCC_6803

Synechocossus_sp._WH7803

Thermosynechococcus_elongatus

Prochlorococcus_marinus_NATL1A
Prochlorococcus_marinus_NATL2A

Prochlorococcus_marinus_CCMP_1986

Acaryochloris_marina_MBIC11017

Synechococcus_sp._CC9311

Paulinella_chromatophora_CHR

Prochlorococcus_marinus_MIT9303

Synechococcus_sp._PCC_6301

Zygnema_circumcarinatum

Trichodesmium_erythraeum__405_1

Prochlorococcus_marinus_MIT9315

Prochlorococcus_marinus_MIT9215

Synechococcus_sp._9605

Escherichia_coli_K-12_MG1655

Synechococcus_sp._WH8102

Prochlorococcus_marinus_MIT9312

Cyanobacterium_Yellowstone_B-prime

Prochlorococcus_marinus_MIT9313

Prochlorococcus_marinus_MIT9301

Staurastrum_punctulatum_Cp

Synechococcus_sp._RCC307

Synechococcus_sp._9902

Rhodospirillum_rubrum_ATCC_11170

Nostoc_punctiforme_sp._PCC73102

Prochlorococcus_marinus_AS9601

Gloeobacter_violaceus

Nephroselmis_olivacea_Cp

1/1

1/1

1/1

1/1

1/1

1/1

0.99/0.98

1/1

1/1

1/1

1/1

1/1

1/1

1/1



0.02

19_Microcystis_aeruginosa_NIES843_MAE_58400

19_Tobacco_cp_ndhD

19_Psilotum_cp_ndhD

19_Synechococcus_sp._PCC_7942_Synpcc7942_1439

19_Deinococcus_radiodurans_R1_DR_1493

19_Arthrospira__platensis_NIES_39_NIES39_A06520_ndhD3

19_Cyanothece_ATCC51142_cce_1693_ndhD4

19_Cyanobacterium_UCYN_A_UCYN_09220

19_Arabidopsis_thaliana_cp_ndhD

19_Synechococcus_sp._9902_Syncc9902_1606

19_Staurastrum_punctulatum_cp_StpuCp004_ndhD

19_Heliobacterium_modesticaldum_HM1_2205_nuoM

19_Rhodospirillum_rubrum_ATCC_11170_Rru_A1567

19_Anabaena_sp._PCC_7120_alr5050_ndhD

19_Cyanothece_PCC7424_PCC7424_1886

19_Anabaena_variabilis_ATCC_29413_Ava_2796

3730_Synechococcus_sp._PCC7002_SYNPCC7002_A2374_mnhD

19_Oryza_nivara_cp_ndhD

19_Synechococcus_sp._PCC7002_SYNPCC7002_A2327_ndhD

19_Chloroflexus_aurantiacus_J_10_fl_Caur_2908

19_Clorobium_tepidum_CT0775_ndhD

19_Arthrospira_maxima_CS-328_002647

19_Prochlorococcus_marinus_AS9601_A9601_06501
19_Prochlorococcus_marinus_MIT9313_PMT0427_ndhD

19_Prochlorococcus_marinus_MIT9315_P9515_06591

3730_Microcystis_aeruginosa_NIES843_MAE_23750_ndhD5c

3730_Anabaena_sp._PCC_7120_all1842

19_Cyanothece_PCC7425_Cyan7425_4860

2175_Arthrospira__platensis_NIES_39_NIES39_M02000_ndhD

19_Thermosynechococcus_elongatus_tlr0905_ndhD3

19_Paulinella_chromatophora_CHR_PCC_0320_ndhD

2175_Arthrospira__platensis_NIES_39_NIES39_M02020_ndhD5

19_Cyanothece_ATCC51142_cce_3522_ndhD2

2175_Microcystis_aeruginosa_NIES843_MAE_23770_ndhD5b

19_Prochlorococcus_marinus_CCMP1375_Pro1067_ndhD

19_Arthrospira_maxima_CS-328_00744

19_Crocosphaera_watsonii_WH8501_g3920

19_Prochlorococcus_marinus_MIT9313_PMT2010_ndhD

19_Mesostigma_viride_cp_ndhD

19_Microcystis_aeruginosa_NIES843_MAE_06530_ndhD1

19_Prochlorococcus_marinus_MIT9303_P9303_26711

3730_Cyanothece_ATCC51142_cce_1685

19_Anabaena_variabilis_ATCC_29413_Ava_2308

19_Cyanothece_PCC7424_PCC7424_1375

2175_Cyanothece_PCC8801_PCC8801_2761

19_Cyanobacterium_UCYN_A_UCYN_01490

19_Cyanothece_ATCC51142_cce_4299_ndhD1

2175_Crocosphaera_watsonii_WH8501_g2974

19_Prochlorococcus_marinus_MIT9215_P9215_06761_ndhD

19_Cyanothece_ATCC51142_cce_0604_ndhD3

19_Gloeobacter_violaceus_glr0219_ndhD

19_Paulinella_chromatophora_CHR_PCC_0916_ndhD

19_Nephroselmis_olivacea_cp_ndhD

19_Adiantum_cp_ndhD

19_Nostoc_punctiforme_sp._PCC73102_Npun_R4289

19_Thermosynechococcus_elongatus_tll0719_ndhD1

19_Angiopteris_evecta_cp_AnevCp077_ndhD

19_Synechococcus_sp._CC9311_sync_1958

19_Anabaena_variabilis_ATCC_29413_Ava_4474

19_Arthrospira__platensis_NIES_39_NIES39_O01600_ndhD1

19_Cucumis_sativus_cp_CsCp105_ndhD

19_Synechocossus_sp._WH7803_SynWH7803_0772_ndhD

19_Prochlorococcus_marinus_AS9601_A9601_01671

19_Cyanobacterium_Yellowstone_A-prime_CYA_1594

19_Prochlorococcus_marinus_MIT9301_P9301_06201

19_Crocosphaera_watsonii_WH8501_g2712

19_Deinococcus_radiodurans_R1_DR_0883

19_Rhodopsudomonas_palustris_CGA009_RPA4253_nuoM2

19_Synechococcus_sp._PCC7002_SYNPCC7002_A2000_ndhD1

19_Nostoc_punctiforme_sp._PCC73102_Npun_F3688
19_Anabaena_sp._PCC_7120_alr4157_ndhD

19_Synechococcus_sp._9902_Syncc9902_0292

19_Agrobacterium_tumefaciens_str._C58_Cereon_Atu0912_mnhD

3730_Synechococcus_sp._PCC7002_SYNPCC7002_A2375_mnhD

19_Synechococcus_sp._PCC_6301_syc2001_c_ndhD3

2175_Cyanobacterium_Yellowstone_B-prime_CYB_0208

19_Nostoc_punctiforme_sp._PCC73102_Npun_R0955

19_Atropa_cp_ndhD

19_Cyanothece_PCC7424_PCC7424_1099

19_Arthrospira__platensis_NIES_39_NIES39_O01620_ndhD2

19_Prochlorococcus_marinus_CCMP1375_Pro0173_ndhD

19_Anthoceros_cp_ndhD

19_Prochlorococcus_marinus_CCMP_1986_PMM0594_ndhD

19_Synechococcus_sp._9605_Syncc9605_1030

19_Prochlorococcus_marinus_MIT9211_P9211_01651

19_Synechococcus_sp._PCC_7942_Synpcc7942_0609

19_Microcystis_aeruginosa_NIES843_MAE_42210_ndhD2

19_Anabaena_sp._PCC_7120_alr0348_ndhD

19_Cyanothece_PCC7425_Cyan7425_1620

19_Synechococcus_sp._PCC_6301_syc2120_d_ndhD

19_Arthrospira_maxima_CS-328_003900

19_Escherichia_coli_K-12_MG1655_b2482_hyfB

19_Cyanothece_PCC8801_PCC8801_4249

19_Agrobacterium_tumefaciens_str._C58_Cereon_Atu1282_nuoM

19_Synechococcus_sp._PCC7002_SYNPCC7002_A1806_ndhD4
19_Acaryochloris_marina_MBIC11017_AM1_5378_ndhM

2175_Synechocystis_sp._PCC_6803_slr2009_ndhF

19_Prochlorococcus_marinus_NATL1A_NATL1_06501

19_Huperzia_lucidula_cp_ndhD

19_Anabaena_variabilis_ATCC_29413_Ava_0748

2175_Arthrospira_maxima_CS-328_002356

19_Crocosphaera_watsonii_WH8501_g2733

19_Burkholderia_mallei_ATCC_23344_BMA1817_nuoM

19_Synechococcus_sp._9605_Syncc9605_2401

19_Lotus_japonicus_MG-20_cp_ndhD

19_Nymphaea_alba_cp_ndhD

19_Cyanobacterium_Yellowstone_B-prime_CYB_2876

2175_Anabaena_variabilis_ATCC_29413_Ava_4787

2175_Synechococcus_sp._PCC_6301_syc2459_c_ndhD2

19_Cyanothece_PCC7425_Cyan7425_5216

19_Synechococcus_sp._9902_Syncc9902_0931

19_Synechocossus_sp._WH7803_SynWH7803_2280_ndhD

19_Synechococcus_sp._9605_Syncc9605_0760

19_Cyanobacterium_Yellowstone_A-prime_CYA_1915

19_Panax_ginseng_cp_PSC1179_ndhD

19_Microcystis_aeruginosa_NIES843_MAE_15140_ndhD3

19_Cyanobacterium_Yellowstone_B-prime_CYB_2004

19_Chlorokybus_atmophyticus_cp_ChatCp095_ndhD

19_Oryza_sativa_cp_ndhD

2175_Trichodesmium_erythraeum__405_1_Tery_1615

2175_Arthrospira_maxima_CS-328_002358

19_Wheat_cp_ndhD

2175_Crocosphaera_watsonii_WH8501_g2973

19_Synechococcus_sp._WH8102_SYNW2263_ndhD1

19_Thermosynechococcus_elongatus_tlr1819_ndhD2

19_Saccharum_hybrid_cultivar_SP-80-3280_cp_PS042_ndhD

2175_Synechocystis_sp._PCC_6803_slr2007_ndhD

19_Cyanobacterium_UCYN_A_UCYN_05110

2175_Cyanothece_PCC7425_Cyan7425_3543

3730_Synechococcus_sp.WH5701_ZP01083834

19_Trichodesmium_erythraeum__405_1_Tery_0349

19_Prochlorococcus_marinus_MIT9303_P9303_18571

19_Crocosphaera_watsonii_WH8501_g934

19_Acaryochloris_marina_MBIC11017_AM1_6372_ndhB

19_Cyanobacterium_Yellowstone_B-prime_CYB_0298

19_Rhodospirillum_rubrum_ATCC_11170_Rru_A1634

19_Gloeobacter_violaceus_glr1004_ndhD

19_Marchantia_polymorpha_cp_ndh4

19_Cyanothece_ATCC51142_cce_1690_ndhD5

19_Zygnema_circumcarinatum_ZyciCp041_ndhD

19_Synechocystis_sp._PCC_6803_sll1733_ndhD3

19_Synechococcus_sp._CC9311_sync_1870_ndhD

19_Cyanothece_PCC8801_PCC8801_4388

19_Arthrospira_maxima_CS-328_003902

19_Rhodopsudomonas_palustris_CGA009_RPA2938_nuoM1

19_Cyanothece_PCC7425_Cyan7425_0836

19_Chaetospheridium_globosum_cp_ndhD

3730_Acaryochloris_marina_MBIC11017_AM1_3199_ndhD

19_Nostoc_punctiforme_sp._PCC73102_Npun_R6182

2175_Synechococcus_sp._PCC_7942_Synpcc7942_1473

19_Gloeobacter_violaceus_gll2082_ndhD

19_Synechococcus_sp._PCC_6301_syc0915_c_ndhD4

19_Gloeobacter_violaceus_gll2536_ndhD

19_Synechocystis_sp._PCC_6803_slr1291_ndhD2

19_Prochlorococcus_marinus_MIT9215_P9215_01671_ndhD

19_Chloroflexus_aurantiacus_J_10_fl_Caur_3599

19_Synechococcus_sp.WH5701_ZP01085419
19_Synechococcus_sp._PCC_7942_Synpcc7942_2092

19_Prochlorococcus_marinus_MIT9211_P9211_10561

19_Chloroflexus_aurantiacus_J_10_fl_Caur_1977

19_Synechococcus_sp.WH5701_ZP01084666

19_Paulinella_chromatophora_CHR_PCC_0871_ndhD

19_Acaryochloris_marina_MBIC11017_AM1_2126_nuoM

19_Synechococcus_sp._WH8102_SYNW1710_ndhD2

19_Prochlorococcus_marinus_MIT9301_P9301_01691

19_Synechococcus_sp._RCC307_SynRCC307_0231_ndhD

2175_Crocosphaera_watsonii_WH8501_g2975

19_Synechocossus_sp._WH7803_SynWH7803_0686_ndhD

19_Prochlorococcus_marinus_MIT9312_PMT9312_0594

19_Synechococcus_sp._WH8102_SYNW1482_ndhD3

19_Cyanothece_PCC8801_PCC8801_1594

19_Prochlorococcus_marinus_MIT9315_P9515_01781

19_Synechococcus_sp._PCC7002_SYNPCC7002_A1973_ndhD2

19_Anabaena_sp._PCC_7120_alr0870_ndhD

19_Anabaena_variabilis_ATCC_29413_Ava_1745

19_Cyanobacterium_Yellowstone_A-prime_CYA_0520

19_Saccharum_officinarum_cp_ndhD

19_Thermosynechococcus_elongatus_tlr2125_ndhD4

19_Nostoc_punctiforme_sp._PCC73102_Npun_R0529

19_Prochlorococcus_marinus_NATL2A_PMN2A_1516

19_Spinacia_cp_ndhD

19_Synechococcus_sp._PCC7002_SYNPCC7002_A0173_ndhD-I

19_Anabaena_sp._PCC_7120_alr3957_ndhD

19_Synechococcus_sp.WH5701_ZP01085310

19_Thermosynechococcus_elongatus_tll1817_ndhD5

19_Synechococcus_sp._RCC307_SynRCC307_0828_ndhD

19_Cyanobacterium_Yellowstone_B-prime_CYB_1811

19_Synechococcus_sp._PCC_6301_syc0117_d_ndhD

19_Zea_mays_B73_cp_ndhD

19_Synechocystis_sp._PCC_6803_sll0027_ndhD

19_Escherichia_coli_K-12_MG1655_b2277_nuoM

19_Prochlorococcus_marinus_NATL2A_PMN2A_0030

19_Prochlorococcus_marinus_CCMP_1986_PMM0150_ndhD

19_Trichodesmium_erythraeum__405_1_Tery_0659

3730_Synechocossus_sp._WH7803_SynWH7803_0971

19_Physcomitrella_patens_cp_ndhD

19_Synechococcus_sp._9605_Syncc9605_1163

19_Cyanothece_PCC7424_PCC7424_1540

19_Synechococcus_sp.WH5701_ZP01086089

19_Cyanothece_PCC7424_PCC7424_4656

2175_Microcystis_aeruginosa_NIES843_MAE_23790_ndhD5a

19_Cyanothece_PCC8801_PCC8801_3836

19_Chloroflexus_aurantiacus_J_10_fl_Caur_1978

19_Trichodesmium_erythraeum__405_1_Tery_3241

19_Amborella_trichopoda_cp_ndhD

19_Arthrospira__platensis_NIES_39_NIES39_K04850_ndhD4

19_Cyanobacterium_Yellowstone_A-prime_CYA_0639

19_Prochlorococcus_marinus_MIT9312_PMT9312_0152

19_Synechococcus_sp._CC9311_sync_2614

19_Rhodospirillum_rubrum_ATCC_11170_Rru_A1632

19_Oenothera_cp_ndhD

19_Synechocystis_sp._PCC_6803_slr0331_ndhD

19_Prochlorococcus_marinus_NATL1A_NATL1_02221

2175_Cyanothece_ATCC51142_cce_2494

19_Synechococcus_sp._RCC307_SynRCC307_0942_ndhD

19_Acaryochloris_marina_MBIC11017_AM1_2497_ndhM

19_Calycanthus_fertilis_var._ferax_cp_ndhD

3730_Cyanothece_PCC7424_PCC7424_2571

19_Synechococcus_sp._PCC_7942_Synpcc7942_1976
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0.4

Calycanthus_fertilis_var._ferax_cp_ndhJ

Prochlorococcus_marinus_MIT9211_P9211_03181_ndhJ

Acaryochloris_marina_MBIC11017_AM1_0133_ndhJ

Clorobium_tepidum_CT0768_ndhJ

Prochlorococcus_marinus_MIT9303_P9303_25241_ndhJ

Prochlorococcus_marinus_MIT9215_P9215_03171_ndhJ

Oenothera_cp_ndhJ

Prochlorococcus_marinus_AS9601_A9601_03151_ndhJ

Prochlorococcus_marinus_CCMP_1986_PMM0292_ndhJ

Prochlorococcus_marinus_NATL2A_PMN2A_1658

Tobacco_cp_ndhJ

Synechococcus_sp.WH5701_ZP01083415

Heliobacterium_modesticaldum_HM1_2198_nuoC

Cyanothece_PCC8801_PCC8801_1039

Agrobacterium_tumefaciens_str._C58_Cereon_Atu1270_nuoC

Saccharum_hybrid_cultivar_SP-80-3280_cp_PS124_ndhJ

Nymphaea_alba_cp_ndhJ

Cyanobacterium_UCYN_A_UCYN_00520

Lotus_japonicus_MG-20_cp_ndhJ

Microcystis_aeruginosa_NIES843_MAE_11780_ndhJ
Synechocystis_sp._PCC_6803_slr1281_ndhJ

Anthoceros_cp_ndhJ

Arthrospira__platensis_NIES_39_NIES39_A08140_ndhJ

Prochlorococcus_marinus_NATL1A_NATL1_03721_ndhJ

Nostoc_punctiforme_sp._PCC73102_Npun_R5546

Zea_mays_B73_cp_ndhJ

Physcomitrella_patens_cp_ndhJ

Prochlorococcus_marinus_MIT9315_P9515_03251_ndhJ

Angiopteris_evecta_cp_AnevCp029_ndhJ

Prochlorococcus_marinus_CCMP1375_Pro0323_ndhJ

Saccharum_officinarum_cp_ndhJ

Anabaena_variabilis_ATCC_29413_Ava_1860

Zygnema_circumcarinatum_ZyciCp076_ndhJ

Synechococcus_sp._RCC307_SynRCC307_0215_ndhJ

Cyanobacterium_Yellowstone_A-prime_CYA_1996

Gloeobacter_violaceus_glr2380_ndhJ

Paulinella_chromatophora_CHR_PCC_0496_ndhJ

Wheat_cp_ndhJ
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