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Supplemental Figure 1. Redox state and expression of NTRC in transgenic lines.

(A) Redox-state pattern of NTRC in leaves overexpressing NTRC. Total leaf proteins were extracted from leaves 
overexpressing NTRC (OE-NTRC) and from lines overexpressing mutated forms of NTRC where the redox-ac-
tive cysteines in either the reductase domain (OE-SAIS) or in the TRX domain (OE-SGPS) have been mutated 
to serines (Toivola et al. 2013). In the mutated forms only 2 cysteine residues are available for alkylation by 
MAL-PEG molecules. The schematic drawings depict possible locations of MAL-PEG binding in specific bands. 
Leaves were incubated in darkness (D), or illuminated for 2 h in low light (LL, 40 µmol photons m-2 s-1), growth 
light (GL, 200 µmol photons m-2 s-1) or high light (HL, 800 µmol photons m-2 s-1).

 (B) Level of NTRC overexpression in OE-NTRC ndho and OE-NTRC pgr5 plants detected by immunoblotting
with an NTRC-specific antibody. 10 and 2 µg of soluble protein was loaded for WT and 2 µg for OE-NTRC, OE-
NTRC ndho and OE-NTRC pgr5. Two individual plants were sampled for OE-NTRC ndho and OE-NTRC pgr5. 
Coomassie brilliant blue (CBB) staining was used as loading control.
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Supplemental Figure 2. Post-illumination fluorescence rise (PIFR) in plants grown in a 12h/12h photoperiod.

(A) PIFR in dark-adapted WT, OE-NTRC and ntrc plants grown in a 12h/12h photoperiod under 120 µmol pho-
tons m-2 s-1. The cyan bar indicates exposure to a 480 nm measuring light of 0.28 µmol photons m-2 s-1, the white 
bar depicts illumination with 67 µmol photons m-2 s-1 white light and the red bar shows the duration of a pulse of
far red light. The curves are averages of 3–4 individual measurements. 

(B) Quantum yield of PSII (Y(II)), redox state of the PQ pool (1-qL) and non-photochemical quenching (NPQ) at 
Fm’ (after 7 min illumination) in plants grown either in an 8h or 12h photoperiod. The values are averages of
3–10 measurements ±SE, and statistically significant differences to WT according to Student’s T-tests (P<0.05) 
are marked with *. 
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Supplemental Figure 3. In vivo redox states of PGRL1 and CF1γ during changes in light conditions.

(A) MAL-PEG assay to determine the in vivo redox state of PGRL1 during dark to light transitions. Samples were 
collected 20, 40, 60, 80 and 120 seconds after moving dark-adapted WT and OE-NTRC leaves under growth 
light intensity illumination. –DTT is a control sample where free thiols were blocked with NEM but DTT was not 
added thereafter, preventing any alkylation by MAL-PEG. 

(B) In vivo redox state of the ATP synthase γ subunit (CF1γ) during transitions from low light (40 µmol photons 
m-2 s-1) to high light (600 µmol photons m-2 s-1) in WT, OE-NTRC and ntrc leaves. Samples were taken 0, 30, 60 
and 120 seconds after the shift to high light. Prior to the light intensity shift plants grown under 200 µmol photons 
l m-2 s-1 were kept 30 min under low irradiance. A dark-incubated control (WT dark) is seen in the right panel.* 
marks unspecific bands. 
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line F0 (F20µs) AO-J m50-150 µs
WT 0.18 1.62 0.58
OE-NTRC 0.21 1.46 0.74
ntrc 0.26 1.29 1.20
pgr5 0.21 1.84 0.47
ndho 0.17 1.76 0.57

Supplemental Data. Nikkanen et al. Plant Cell (2018). 10.1105/tpc.XXX

Supplemental Table 1. Parameters determined from OJIP transients of chlorophyll a fluorescence. 

Apparent FO values (F/Fm after 20 µs of light), integrated area above O-J phase (0-3 ms) (AO-J) and the initial 
slopes of the O-J transients (m50-150 µs) in dark-adapted leaves of WT, OE-NTRC, ntrc, pgr5 and ndho were cal-
culated from the averaged curves in Figure 3. 



Supplemental Table 2. Multiple alignment of NdhS amino acid sequences in embryophytes.

Sequences from Physcomitrella patens (PHYPADRAFT_188716), Glycine max (GLYMA03G01720),
Brachypodium distachion (BRADI3G21280), Sorghum bicolor (Sb07g028880), Oryza sativa (OS07G0196200),
Solanum lycopersicum (Solyc08g082400.1), Arabidopsis thaliana (AT4G23890) and Vitis vinifera
(VIT_02s0025g01470). Conserved cysteine residues are in bold and highlighted with red rectangles. * signi-
fies full conservation of a residue in the current dataset, while “:” and “.” signify conservation of residues with
strongly and weakly similar properties, respectively.

Physcomitrella MA--AMTGICRAPLSLALQRESSFWGSNVGVHQQQKSASSNSGGSTGGVRVGIRAEGFDF
Glycine -----MSSFVALQGLHGSLLSSQFLGQDTLTHFHPRNKASSTIQ-NKPTTAQQPSAKFDM
Brachypodium --------------MAPAPTTPSFLRPPPLPHHR---------V-R--LPPPPPSASFRL
Sorghum --------------MAPPPTSSSFLRPPPLPHHP---------H-PRLH-FRPPSASFRV
Oryza ---------------MAPTTPASFLRPPPLPHHH---------H-PRIVRLPPPSATFRV
Solanum MASASSFQLSSLQIQTPPLKKSNFLGQSVNLNLS-SSVHTKSAM-KSSSNSVTPIAKFNL
Arabidopsis ---MATSSITIPTIRTP-IHRSKFLGQTHQFSTVNRSVFPPPKQ-QSKLYQVKAMGKFNL
Vitis ----MAYSFTVPSLQRPLPHKSHFLGQGHFPNNIQKASLSR----TRTPLPVKASAKFDL

* * .

Physcomitrella WQVLGGRGLKGGEDGLKQEKTARVLQEAKKNLVVE-KKKKGSVEGNVEAAEGLPGTFNKE
Glycine LQIVGGRGLCNGEAGLKQELKKQVGVDEKGQTSAT-SGKEQEEEEESTSVVATEDGFEKE
Brachypodium AEILGGRGLCNGEVGIRKELSSTPTTPSTPTADSS-P---GGAAAEADPPAVDPDAFEKE
Sorghum SEILGGRGLCNGEVGVRKELTSGSSAST---TTSS-PAPSPSPSTESPPPAVDLDAFDKE
Oryza ADLLGGRGLCNGEVGIRKELASDSPAAPPSTTTSS-DEPAESPPPPPAASGVDPDAFDKE
Solanum YEILGGRGLCNGEEGIEKELKKSISEEQKAVGSAAAAASDDDNQENKETGEIPEDGFEKE
Arabidopsis WEVMGGRGLCNGEKGIEKELQRNIEDEQETSKAEN-NETERESDDSNLSFKVPEDGFEKE
Vitis FGIMGGRGLCNGEEGLQQELKRNIEPAPSPDSVKD-E----EKPALAAVDDVPEDGFDKE

::***** .** *:.:* . *:**

Physcomitrella LGGWTGGFPGGEKGLRQFVQSNPPPAKASQMSNEIRKLQDSISRPLKPRAPSPPLLMPGM
Glycine LMGLTGGFPGGEEVHSG---------KPSSSKTKSSKN-LKLALSKKPKPPELPLLLPGM
Brachypodium MMGLTGGFPGGEVGLKDFVAKNPPPPPKRTQPDGIAGS-AAVVPAERPRRPELPLFLPGM
Sorghum MMGLTGGFPGGEVGLKDFVAKNPPPPRSKKSNSQLVAP-QATTLSAPPRTPELPLFLPGM
Oryza MMGLTGGFPGGEVGLKDFVAKNPPPPKPAHRKGLA-----AAATVERPRAPELPLFLPGM
Solanum MMGFTGGFPGGEKGLMKFIEKNPPPPPPKKTESSMVSG-FNQSLVKKPKPPELPLLLPGM
Arabidopsis MMGLTGGFPGGEKGLKTFIEKNPPPPPPPPPAKQGSDA-SAVATDKKPKAPKLPLLMPGM
Vitis LLGLTGGFPGGEKGLKQFLEKNPPPEKT------SGNI-IENARLRKPKPPELPLLMPGM

: * ******** *: *. **::***

Physcomitrella TVKVISPSNPYFEFIGIVQRVTDGKVGVIFEGGNWDKLVSFKLQDLERTSQGPPMSNPKS
Glycine IAIVKNPNNPFYMYCKIVQRITDG----------------------------PRMKNPKS
Brachypodium IVLVKNPRNAYHMYCGIVQRVTDGKVGVLFEGGNWDRLITFGVDELEGREKGPPMVNPKS
Sorghum VVLVKNPNNAYYMYCGIVQRVTDGKVAVLFEGGIWDRLITFNLDELEGREKGPPMVNPKS
Oryza VVLVKNPNNAYHMYCGIVQRVTDGKVGVLFEGGIWDRLITFDLDELEGREKGPPMVNPKS
Solanum IAIVKNSNNPYYMYCGIVQRITDGKAAVLFEGGNWDRLISFRLEELERREKGPPMVNLKS
Arabidopsis IAIVKNQNSPYHMYCGIVQRITDGKAGVLFEGGNWDRLITFRLEELERREKGPPGKNPKS
Vitis IAIVKNPNNPFYMYCGIVQRITDGKAGVLFEGGNWDRLITFRLEELQRRDKGPPMKNPKS

. * . . :. : ****:*** * * **

Physcomitrella AILERMIVPEGTSSPEGASS-----------------
Glycine AVLKPFLEKKS--------------------------
Brachypodium VVLEALVADLADDTEAEE----TEKKEEEAGAAAAKA
Sorghum VVLEDIVAQLEDDDDDKE-DEAAKKEKEPEGAAAAA-
Oryza VLLESLAAEMEDDVAKEEEGEEAKKKKEEEGTAAAA-
Solanum VILEKMVEKSSEA------------------------
Arabidopsis CILEPLIEQMQKEEAAP--------------------
Vitis AILETLLEQEA--------------------------
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Supplemental Table 3. Multiple alignment of NdhH amino acid sequences in photosynthetic organisms.

Sequences from Synechocystis PCC 6803 (slr0261), Physcomitrella patens (NDHH_PHYPA), Glycine max
(NDHH_SOYBN), Brachypodium distachion (NDHH_BRADI), Sorghum bicolor (NDHH_SORBI), Oryza sativa
(Osp1g00970), Solanum lycopersicum (NDHH_SOLLC), Arabidopsis thaliana (ATCG01110) and Vitis vinifera
(NDHH_VITVI) were obtained aligned as described in the legend for Supplemental table 2.

Synechocystis MTKIETRTEPMVLNMGPHHPSMHGVLRLIVTLDGEDVVDCEPVIGYLHRGMEKIAESRTN
Physcomitrella --MLATKTKPMIVSMGPHHPSMHGVLRLIVTLDGENVIDCEPILGYLHRGMEKIAENRTI
Sorghum MSLSLKRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDVIDCEPILGYLHRGMEKIAENRSI
Brachypodium MSLPLTRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDVIDCEPILGYLHRGMEKIAENRTI
Oryza MSLPLTRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDVIDCEPILGYLHRGMEKIAENRTI
Glycine MNISTTRKDFMIVNMGPHHPSMHGVLRLIVTLDGEDVIDCEPILGYLHRGMEKIAENRTI
Arabidopsis MKRPVTGKDLMIVNMGPHHPSMHGVLRLIVTLDGEDVVDCEPILGYLHRGMEKIAENRAI
Solanum MTAPTTRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDVVDCEPILGYLHRGMEKIAENRTI
Vitis MNVPATREDLMIVNMGPHHPSMHGVLRLIVTLDGEDVIDCEPILGYLHRGMEKIAENRTI

. . *::.***:*****************:*:****::************.*:

Synechocystis IMYVPYVSRWDYAAGMFNEAITVNAPEKLADIEVPKRAQYIRVIMLELNRIANHLLWLGP
Physcomitrella VQYLPYVTRWDYLATMFTEAITVNAPEKLTNIQVPKRASYIRMIMLELSRVASHLLWLGP
Sorghum IQYLPYVTRWDYLATMFTEAITVNAPEFLENIQIPQRASYIRVIMLELSRIASHLLWLGP
Brachypodium IQYLPYVTRWDYLATMFTEAITVNAPEFLENIQIPQRASYIRVIMLELSRIASHLLWLGP
Oryza IQYLPYVTRWDYLATMFTEAITVNAPEFLENIQIPQRASYIRVIMLELSRIASHLLWLGP
Glycine IQYLPYVTRWDYLATMFTEAITVNGPEQLGNIQVPKRASYIRVIMLELSRIASHLLWLGP
Arabidopsis IQYLPYVTRWDYLATMFTEAITVNGPEQLGNIQVPKRASYIRVIMLELSRIASHLLWLGP
Solanum IQYLPYVTRWDYLATMFTEAITINGPEQLGNIQVPKRASYIRVIMLELSRIASHLLWLGP
Vitis IQYLPYVTRWDYLATMFTEAITVNAPEQLGNIQVPKRASYIRVIMLELSRIASHLLWLGP

: *:***:**** * **.****:*.** * :*::*:**.***:*****.*:*.*******

Synechocystis FMADVGAQTPFFYIFREREMIYDLWEAASGMRLINNNYFRVGGVAVDLPYGWNDKCEDFC
Physcomitrella FMADIGAQTPFFYILREREMIYDLFEAATGMRMMH-NYFRIGGVAVDLPYGWIDKCLDFC
Sorghum FMADLGAQTPFFYIFRERELIYDLFEAATGMRMMH-NYFRIGGVAADLPYGWMDKCLDFC
Brachypodium FMADLGAQTPFFYIFRERELIYDLFEAATGMRMMH-NYFRIGGVAADLPYGWIEKCLDFC
Oryza FMADLGAQTPFFYIFRERELIYDLFEAATGMRMMH-NYFRIGGVAADLPYGWIDKCLDFC
Glycine FMADIGAQTPFFYIFRERELIYDLFEAATGMRMMH-NFFRIGGVATDLPYGWVDKCYDFC
Arabidopsis FMADIGAQTPFFYIFREREFVYDLFEAATGMRMMH-NFFRIGGIAADLPYGWIDKCLDFC
Solanum FMADIGAQTPFFYIFRERELIYDLFEAATGMRMMH-NYFRIGGVAADLPYGWIDKCLDFC
Vitis FMADIGAQTPFFYIFRERELVYDLFEAATGMRMMH-NYFRIGGVAADLPHGWIDKCLDFC

****:*********:****::***:***:***::: *:**:**:*.***:** :** ***

Synechocystis DYFLPKVDEYEKLITNNPIFRRRVEGVGTVTREEAINWGLSGPMLRGSGVKWDLRKVDHY
Physcomitrella DYFLPKVNEYERLITNNPIFLKRVEGIGIIGKEEAINWGLSGPMLRASGVQWDLRKVDHY
Sorghum DYFLQGVVEYQQLITRNPIFLERVEGVGFISGEEAVNWGLSGPMLRASGIQWDLRKIDPY
Brachypodium DYFLRGVVEYQQLITQNPIFLERVERVGFISGEEAVNWGLSGPMLRASGIRWDLRKVDLY
Oryza DYFLRGVIEYQQLITQNPIFLERVEGVGFISGEEAVNWGLSGPMLRASGIQWDLRKVDLY
Glycine DYFLTRIVEYQKLITRNPIFLERVEGVGVVDIKEVINWGLSGPMLRASGIQWDLRKVDNY
Arabidopsis DYFLTEVVEYQKLITRNPIFLERVEGVGIIGGEEAINWGLSGPMLRASGIPWDLRKIDRY
Solanum DYFLTGVAEYQKLITRNPIFLERVEGVGIIGRDEALNWGLSGPMLRASGIEWDLRKVDHY
Vitis DYFLTGVAEYQKLITRNPIFLERVEGVGIIGVEEAINWGLSGPMLRASGIQWDLRKVDHY

**** : **::***.**** .*** :* : .*.:**********.**: *****:* *
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Synechocystis ECYDELDWEVQYETAGDCFARYLVRIREMRESVKIIRQALKAMPGGPYENLEAKRLQEGK
Physcomitrella ECYDELDWQIQWQKEGDSLARYLVRIGEMKESIKIIQQALKSIPGGPYENLEARRLQRGK
Sorghum ESYNQFDWKVQWQKEGDSLARYLVRVGEMRESIKIIQQAVEKIPGGPYENLEARRFKKAK
Brachypodium ESYNQFGWKVQWQKEGDSLARYLVRIGEMRESIKIIQQAVEKIPGGPYENLEVRRFKKEK
Oryza ESYNQFDWKVQWQKEGDSLARYLVRIGEMRESIKIIQQAVEKIPGGPYENLEVRRFKKAK
Glycine ECYEEFDWEVQWQKEGDSLARYLVRIGEMMESIKIIQQALEGIPGGPYENLEIRCFDREK
Arabidopsis ESYDEFEWEIQWQKQGDSLARYLVRLSEMTESIKIIQQALEGLPGGPYENLESRGFDRKR
Solanum ESYDEFDWQVQWQREGDSLARYLVRIGEMTESIKIIQQALEGIPGGPYENLEMRRFDRLK
Vitis ECYDEFDWEVQWQKEGDSLSRYLVRIGEMVASIKIIQQALEGIPGGPYENLEIRCFDRAR

*.*::: *::*:: **.::*****: ** *:***:**:: :********* : :.. :

Synechocystis KSEWNDFQYQYIAKKVAPTFKIPAGEHYVRLESGKGELGIFIQGNDDVFPWRWKIRSADF
Physcomitrella KSEWNNFEYQFISKKPSPTFKLPKQEHYIRVEAPKGELGVFLIGDDSVFPWRWKIRPPGF
Sorghum NPEWNDFEYRFLGKKPSPNFELSKQELYVRVEAPKGELGIYLVGDDSLFPWRWKIRPPGF
Brachypodium NSEWNDFEYRFLGKKPSPNFELSKQELYVRIEAPKGELGIYLVGDDGLFPWRWKIRPPGF
Oryza NSEWNDFEYRFLGKKPSPNFELSKQELYARVEAPKGELGIYLVGDDSLFPWRWKIRPPGF
Glycine EPEWNEFEYRFISKKPSPTFELPKQELYVRIEAPKGELGIFLIGDQNGFPWRWKIRPPGF
Arabidopsis NPEWNDFEYRFISKKPSPTFELSKQELYVRVEAPKGELGIFLIGDQSGFPWRWKIRPPGF
Solanum DPEWNDFEYRFISKKPSPTFELSKQELYVRVEAPKGELGIFLIGDQSVFPWRWKIRPPGF
Vitis DPELNDFEYRFISKKPSPTFELSKQELYVRVEAPKGELGIFLIGDQNVFPWRWKIRPPGF

. * *:*:*:::.** :*.*:: * * *:*: *****::: *::. ******** .*

Synechocystis NNLQILPHILKGVKVADIMAILGSIDIIMGSVDR
Physcomitrella INLQILPQLVKGMKLADIMTILGSIDIIMGEVDR
Sorghum INLQILPQLVKKMKLADIMTILGSIDIIMGEVDR
Brachypodium INLQILPQLVKKMKLADIMTILGSIDIIMGEVDR
Oryza INLQILPQLVKKMKLADIMTILGSIDIIMGEVDR
Glycine INLQILPQLVKRMKLADIMTILGSIDIIMGEVDR
Arabidopsis INLQILPELVKRMKLADIMTILGSIDIIMGEVDR
Solanum INLQILPQLVKRMKLADIMTILGSIDIIMGEVDR
Vitis INLQILPQLVKRMKLADIMTILGSIDIIMGEVDR

******.::* :*:****:**********.***
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Supplemental Table 4. Multiple alignment of Ndh48 (PNSB1) amino acid sequences in embryophytes.

Sequences from Physcomitrella patens (PHYPADRAFT_106212), Oryza sativa (Os08g0276100), Brachypodium
distachion (BRADI_3g19630), Populus trichocarpa (POPTR_0001s03600g), Arabidopsis thaliana (AT1G15980)
and Glycine max (GLYMA_08G218800) were obtained and aligned as described in the legend for Supplemental
table 2.
Physcomitrella MSAMAAQVVL-----GAGLANCPQCSICVTRATSSLSHSNPSKLQLRAFGTRTNVRLENA
Oryza MQTPTMSTSMATPAKLP---SPPS--LPIARQ---------CCCHL----LQLGRRG--G
Brachypodium MQTPTMYTSMAARATSA--AANLP--APPPRQ---------CYYHL----LPPAGRR--S
Populus ----MASTSLLPKTISPFLTNPPP--LPSTHFTSKPSFFNPSADHH----LPCTRKP---
Arabidopsis ---MASSLPLLPKPISPFFKTPPF--STSKPLV-----FL---NFQ----TRLTSRSSDV
Glycine MAATYYLLPTSPKTFSPFLRNPPS--IPSGHHVSLLGSLL---DYP----FHCSSRRGNN

:

Physcomitrella SS--VVVSAKKGWFDDPFDYGADDEEDTMGELMSQGPQGAEDPRPARDPDSESGYLDFPA
Oryza AGVARASAKKKNPWLDPFDDGPDDEFDY-RGAFSGG-KQEEDPRPPEDPANPYGFLRFPA
Brachypodium VWALSASPKKKNPWLDPFDDGPDEDFDY-TGVYSGG-KQDEDPRPPEDPSNPYGFLRFPM
Populus -SILTPYAKKKNPWIDIFDDGEDLDMEY-GSLFVDG-KQDEDTRPVDNPNNPYGFLKFPK
Arabidopsis S---VNLKKKNNPWLDPFDSGEDPDNEY-GSLFADG-KQDEDPRPPDNPDNPYGFLKFPK
Glycine SVEANCNAKKKNPWLDPFDDGEDPEMEY-GSLFADG-KQEEDPRPPDDPDNPYGFLKFPS

*:. : * ** * * : : * : ** ** :* . *:* **

Physcomitrella GFMPEVASLGILIRNDVRRCLCMISGGVYENLLFFPVIQLLKNRYPGVRIDVMATPRGKQ
Oryza GYNPELDSLASKVRRDVRRACCVVSGGVYENVLFFPVVQLLRDRYPGVVVDVVASARGKQ
Brachypodium GYNPELDSLASKVRGDVRRACCVVSGGVYENVLFFPVVQLLKDRYPGVLIDVVASARGKQ
Populus GYNVEVAQLGLKIRGDVRRCCCMISGGVYENLLFFPVIQMLKDRYPGILVDVLASDRGKQ
Arabidopsis GYTVELASLPLKIRGDVRRCCCVISGGVYENLLFFPTIQLIKDRYPGVQVDILTTERGKQ
Glycine GYSVEIASLALKVRGDVRRCCCVISGGVYENLLFFPAIQLIKDRYPGVQIDVVASERGKQ

*: *: .* :* ****. *::*******:****.:*::::****: :*:::: ****

Physcomitrella AYEMNKNVRKAWVHPVDDQFLRPVDFTETVGKIKGEYYDLLVSTKLAGLGQSIFFWLASV
Oryza VYEMCKNVRYADVYDPDDDWPEPAEYTHQLGVLKNRYYDLIISTKLAGIGHALFLFMSSA
Brachypodium VYEMCKNVRYANVYDPDDDWPEPAEYTHQLGVLKNRYYDMILSTKLAGTGHALFLFMSSA
Populus CYELNKNVRWANVYDPDG-DPEPAIYTDMIGVLKNRYYDLVLSTKLAGLGHASFMFMSSA
Arabidopsis TYELNKNVRWANVYDPDDHWPEPAEYTDMIGLLKGRYYDMVLSTKLAGLGHAAFLFMTTA
Glycine TYELNKNVRWANAYDPDDEFPEPAEYTDMVGVLKNRYYDMVLSTKLAGLGHAAFLFMTTA

**: **** * .: *. .*. :*. :* :*..***:::****** *:: *:::::.

Physcomitrella RNKVSYTYPDVNAAGAAKFLDIAIKAPQLELAESGFNMYAEMIEELSQMGKNVPKTEVPP
Oryza RDKVGYVYPNVNSAGAGLFLTEMFRPPTTNLADSGYNMYQDMLEWIGRPAKGVPEHPVPP
Brachypodium REKVGYVYPNVNGAGAGLFLTEMFKPPTTNLSDGGYNMYQEMLEWLGRPGKGVPQQPIPP
Populus RDKVSYIYPNVNAAGAGLLLTETFTPDSANLSEGGYHMYHQMLDWLGRPIYNVPRQPVPP
Arabidopsis RDRVSYIYPNVNSAGAGLMLSETFTAENTNLSELGYSMYTQMEDWLGRPFRSVPRTPLLP
Glycine RDRVSYIYPNVNAAGAGLLLSETFVPDSQNLSDGGYNMYHQMVDWLGKPFREVPRQPVPP

*::*.* **:**.***. :* : :*:: *: ** :* : :.: **. : *

Physcomitrella LEVGIGSKVKAYVEAKYREAGVREGEFLVFHGIECDSSASMTSKGDKDCLLPLSMWAEIA
Oryza LRVSISKKLRAFVEDKYSRAGVEKGKFVVVHGIASDSFANMRSRGDDDCLLPLEHWAEIA
Brachypodium LRVSISKKLRGIVEDKYSRAGVEKGKFVVVHGIASDSVANMTSRGDDDCLLPLEQWAEIA
Populus LRVSLSRKLKQYVEAKYRAAGAEKGKYIVIHGIESDSKASMQSRGDTDSLLPLEVWDQIA
Arabidopsis LRVSISRKVKEVVAAKYRNAGAVTGKFIVIHGIESDSKASMQSKGDADSLLSLEKWAKII
Glycine LRVSISKKLKEVVEAKYEKAGAKKGKYVVIHGIKSDSKASMQSRGDPDSLLPIEVWAEIA

*.*.:. *:: * ** **. *:::*.*** .** *.* *:** *.** :. * :*
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Physcomitrella KSTS-----DKVVFVIPNEKWRRKVKEI-CGENAHIVFITTPGQLGALINASKGVVTTNT
Oryza KEISSEDNGLKPLFVIPHQKHREEVEET-VGKDTNILFITTPGQLTCLINDSVGVVATNT
Brachypodium KAISSQGNGLRPLFVMPHQKHREEIEDI-VGRETSYLFITTPGQLTCLINDSAGVVATNT
Populus DAIS----GFKPVFVIPHEKERENVEEIIYNEDIGILFITTPGQ-ATLINDSAGVIATNT
Arabidopsis KGVR----GFKPVFVIPHEKERENVEDF-VGDDTSIVFITTPGQLAALINDSAGVIATNT
Glycine DVIR----DVTPLFVIPHEKERENVEEI-FSEDASIVFITTPGQLAALINDSAGVIATNT

. :**:*::* *.:::: . : :******* *** * **::***

Physcomitrella AALQIAIALKKSTVALFASQEKANLFIPDYAK-DACAMVASKTGKLCGLDLKAATMAVST
Oryza AAVQLANARDKPCVALFSSKEKARLFLPYLEEKKGCTVVASETGKLIDIDVEAVKKAVKE
Brachypodium AAVQLANARDRPCVALFSSKEKAKLFLPYAEDKKSCTVVASATGKLADIDIEAVKNAVKE
Populus AAIQLANAREKPSIALFGSEEKGKVFVPNAEE-KKCIIVSSKTGKLKDIDVGAVKQAMQI
Arabidopsis AAIQLANARDKPCIGLFSSEEKGKLFVPYAEEKSNCVIIASKTGKLADIDIGTVKNAMQV
Glycine TAVQLANAREKPCIALFCSEEKGNKFVPRAEE-KKCIIISSKTGKLIDIDVEAVKNAVQT

:*:*:* * .: :.** *:**.. *:* . . * :::* **** .:*: :.. *:.

Physcomitrella IAKEALVAA---
Oryza FKAAPSVALAQT
Brachypodium FEPAPSFALAQK
Populus FDMSLALV----
Arabidopsis FEGSLALV----
Glycine FNLSPALV----

: ..
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Supplemental Table 5. Multiple alignment of NdhJ Amino acid sequences in photosynthetic organisms.

Sequences from Arabidopsis thaliana (ATCG00420), Glycine max (NDHJ_SOYBN), Populus trichocarpa
(NDHJ_POPTR), Oryza sativa Japonica (NDHJ_ORYSJ), Brachypodium distachion (NDHJ_BRADI),
Physcomitrella patens (NDHJ_PHYPA), Selaginella moellendorffii (C7B2F7_SELML) and Synechocystis PCC
6803 (NDHJ_SYNY3). Sequences were obtained and aligned as explained in the legend of Suppl. Table 2.
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Synechocystis --------------MGPVSTWLTTNGFEHQSLTADHLGVEMVQVEADLLLPLCTALYAYG
Selaginella TLDISATSASDGKVQGQLPARPAEHESAHRPLGFDHQGIETPQIQSEDRPSIAVALYVYG
Physcomitrella -------------MQGRLSVWLANHKLPHRPLGFDYQGVEILQIRSEDWLSIAVALYVYG
Oryza ------------MQQGWLSNWLVKHEVVHRSLGFDHRGIETLQIKAEDWDSIAVILYVYG
Brachypodium ------------MQQGWLSNWLVKHKVVHRSLGFDHRGIETLQIKAGDWDSIAVILYVYG
Arabidopsis -------------MQGTLSVWLAKRGLVHRSLGFDYQGIETLQIKPEDWHSIAVILYVYG
Glycine -------------MQGRLSSWLVKHGLIHRSLGFDYQGIETLQIKPEDWHSIAVILYVYG
Populus -------------MRGPLSAWLVKHGLVHRSLGFDYQGIETLQIKPEDWHSIAVILYVYG

* : . . *: * *: *:* *:. :.. **.**

Synechocystis FNYLQCQGAYDEGPGKSLVSFYHLVKLTED--TRNPEEVRLKVFLPRENPVVPSVYWIWK
Selaginella SNHPRAQCARDVAPGGLLASVYHLAKVQDDEEADQPEELCIKVSVSKKHPRIPSVFRVRK
Physcomitrella FNYLRSQCAYDVAPGGLLASVYHFTKIEDN-V-DQPEEICIKIFVSRQKPKIPSVFWIWK
Oryza YNYLRSQCAYDVAPGGSLASVYHLTRIQYG-I-DNPEEVCIKVFAQKDNPRIPSVFWIWR
Brachypodium YNYLRSQCAYDVAPGGSLASVYHLTRIQYG-I-DNPEEVCIKVFAQKDNPRIPSVFWIWR
Arabidopsis YNYLRSQCAYDVAPGGLLASVYHLTRIEYG-V-NQAEEVCIKVFTHRSNPRIPSVFWVWK
Glycine YNYLRSQCAYDVAPGGLLASVYHLTRLEYG-I-DQPEEVCIKIFVARKNPRIPSIFWVWK
Populus YNYLRSQCAYDVAPGGLLASIYHLTRIEYG-ILDQPEEVCIKVFAPRKNPRIPSVFWVWK

*: :.* * * .** *.*.**:.:: . : **: :*: :.:* :**:: : :

Synechocystis AADWQERECYDMFGIVYEGHPNLKRILMPEDWVGWPLRKDYISPDFYELQDAY-
Selaginella SADLQERESYDMLGIFHESHPRLKRISMPDTWIGRPLRKDHTVPDFYEPQDSLR
Physcomitrella SADFQERESYDMLGISYENHPRLKRILMPDTWIGWPLRKDYIVPDFYELQDAY-
Oryza SSDFQERESFDMVGISYDNHPRLKRILMPESWIGWPLRKDYITPNFYEIQDAH-
Brachypodium SADFQERESYDMVGISYDNHPRLKRILMPESWVGWPLRKDYITPNFYEIQDAH-
Arabidopsis STDFQERESYDMLGITYDSHPRLKRILMPESWIGWPLRKDYIAPNFYEIQDAY-
Glycine SADFQEKESYDMLGISYDNHPRLRRILMPESWIGWPLRKDYIAPNFYEIQDAH-
Populus SADFQERESYDMLGISYDNHPRLKRILMPESWIGWPLRKDYIAPNFYEIQDAH-

::* **:*.:**.** ::.**.*:** **: *:* *****: *:*** **:
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Supplemental Table 6. Multiple alignment of Ndh45 amino acid sequences embryophytes.

Sequences from Arabidopsis thaliana (AT1G64770), Populus trichocarpa (B9IPP5_POPTR), Glycine max
(A0A0R0FL97_SOYBN), Oryza sativa Japonica (Q10RI6_ORYSJ), Brachypodium distachion (I1H9J0_BRADI)
and Selaginella moellendorffii (D8SKY5_SELML). Sequences were obtained and aligned as explained in the
legend of Suppl. Table 2.

Selaginella ME---------------I---AGKSAIGLSPLKWERMERAELLQERFGCKELEFERS--D
Arabidopsis --MASLISFSLLPKPKAVR--------SSISAPQTQTINTEKLEDKFGRKGIKFSES--N
Oryza MATSSLLPLHLPTRPSAVKASAA--------ATAAAAPTPQSLEESFGRKGLRFAADPAT
Brachypodium ---MAFLPLHLPASSPTLLTARASSTAVSVSPPAQTSSLQVQLEETFGRKGIRFGAD-AT
Populus --MASLLSFSLRKPSI-I---KATSLSPT----TTSPSTPEVLEEKFGRKGIKFLES--N
Glycine --MASFLSLSLPKLNL-I---KASSAANTTTTTTTTLPTAETLNEKFGRKGIKFLES--D

: *:: ** * :.* .

Selaginella GIVEARLKLACGSAATIALPQGVVTSYRPIM-WHESQEEVLHSKRFPLQGG-----CAYK
Arabidopsis NIPMVELKVRNGSSLKLSLSDAHVLSYKPKVYWKD---EGFEEVLYTVDGD------ESR
Oryza GAPTAELSVRNGSSLQLRLADGLVTSYRPKVYWKD---DGCREVLHTVAGAG--AGGEVK
Brachypodium GAPTAELSVRNGSSLSLRLNDGLVTSYRPKVSWKEDKDGGCREILHTVSDS-----KTLK
Populus NVPTVELKVRNGSSVRVQIPNAYVSSYKPKVYWKD---DGFEEVLYTLPGKEKDSSGIAK
Glycine NTPIVDLTVRNGSSLRLRIPDAHVTSYKPKVNWKD---DGFQEVLYTIPATETGP-YKAK

. . *.: **: : : :. * **:* : *:: .. . : :

Selaginella GGIRASVARIPEVEDGEETKRANDPPLSWIVNGVSRAPNKWVKITLGSS--LPNLKLKNS
Arabidopsis GGVGVVIVNGEEP----KGGSSVISGCDWSVKDTDSDAIDALQIELSCT--AGVLDITYI
Oryza GGVGLALSEVSSS----GAAESLLVGSEWSVVDADSDSYDAVQVELGCTKGSGTLEVTYV
Brachypodium GGVGLVLNHAS-S----GSPSAAAVQPEWSVSAVDSDSYDAMQVELGRGMSGPQLEVAYV
Populus GGIGLVINDASEG----GSKGSLISSSEWTVKDVDSDSIDAVQVELSCS--SGPLEISYV
Glycine GGVGLVMNEVLQP----GAKGLLPSTLEWTVNDVDSDSIDALQVELSCT--SRFFDITYI

**: : .* * .. . ::: *. :.:

Selaginella VTLSKRQLQSTLSIENTGKAPCCFHASIATAVEVGDLAGAYAMGLLGTNFLSLGDESIAE
Arabidopsis VSLYPVSMATALVVKNNGRKPVTLKPGIMSYLRFKKRSGAGIQGLKGCSYCPNPPLSSP-
Oryza VTLYPLSMATAVMVKNNGKKPVSLTSAMLSHIKFDKRRGTAVEGLRGCPYCSHPPPAAG-
Brachypodium VTLYATSMATAVIVKNAGKKPVALTGAVLSHIKFDKRRGTAVEGLMGCPYCAHPPPASG-
Populus VSLYPLSMASAVIVKNNGRKDVTLTSAILSHLKFKKRAKAGIQGLRKCYYCTQPPLSSP-
Glycine VTLYPVSMATAVVAKNIGPKPATLTNAILSHFRFKNRRGTAIKGLRSCSYIPHAPLSSP-

*:* .: ::: :* * : .: : ... . : ** : :

Selaginella NTTAGEEQGPRIFEKLAVLLSGGSYKRPERESQQGDESFVGKDGRLWHRHCSEMAPLAPG
Arabidopsis ---------------FELLSPSEAMKAESSGWFGSE---EGEKPGIWAVEDSVITLLEKK
Oryza ---------------FALLTPAEAMKREDGGWFGGG-GGEEPRQGVWTVEDNLYTILKKK
Brachypodium ---------------FALLTPAEAMKREESGWFGGGGGGEEPRPGEWAVEENRYTILKKK
Populus ---------------FEVLSPSEALKPESPGLLDFD-FEPEEKPGSWKVQEEPYIILKDR
Glycine ---------------FQILTPSEATISEPPRWLSFG-NETEAKPGTWGQQALSITLLENK

: :* . : * . *

Selaginella MNRLY------------FMSSMPWTLLDRVRKASLVHLPEIGTEVSEPLQSG-ARVAGGR
Arabidopsis MSRIYGAPPAERLKAVYNTPPSKFETIDQKKKKVLD-AKN------KIKIPKGISNSFRE
Oryza VSRVYAAPPEERKKRIYSTAPSKFTTIDQNSGLGFR-VVRMGYEDMYLCSPGEMYRKFGK
Brachypodium VSRVYAAPPEERKKRVYNSAPSNFMTIDQSSGLGFR-VVKMGFEDMYLSSPGGMYDKFGN
Populus LSRVYAAPPQERLKAFYNTSPTKYETLDQGKELFFR-VIRIGFEDIYIGSPGSFAEKYGK
Glycine MSRVYAAPPKERLKAFYNTPPSKYETIDQGRGLCFR-VIRMGFEDIYLSSPGSLSEKYGK

:.*:* : :*: : . .
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Selaginella       LEKVCAA-----------------------------------------RPNFG-------
Arabidopsis       RIVFQDDKDWVRRDVCGIPRIDVGQVWEATLLRVHRSNVNARSCRCSLRRDMERSNGNRA
Oryza             DYFLCTGTAS----MLVPVVVNPGEEWRAAQVIEHDNL----------------------
Brachypodium DYFLCTGPAS----LLVPVVVNPGEEWRAAQVIEHDNL----------------------
Populus           DYFICTGPAA----MLVPVVVKPGEEWKGAQMIEHDNL----------------------
Glycine           DYFICTGPAS----ILVPVTVNPGEEWRGAQVIEHDNLT---------------------
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Supplemental Table 7. Forward and reverse primers used for cloning of bimolecular fluorescence
complementation (BiFC) constructs.

Restriction enzyme sites are underlined and translational start codon is marked by bold italic. Frw = forward
primer, rev = reverse primer. In order to get proper fusion to C-terminal YFP half, reverse primer lacks a
stop codon. RE = restriction enzyme. The cDNA clones were obtained from the Arabidopsis Biological
Resource Center (ABRC). All primers were purchased from Sigma Aldrich.

Construct(s) AGI-code Primer sequences RE-sites

pSPYCE.NDH-S AT4G23890.1
Frw
Rev

5´- CTGCAGAGGATCCATGGCGACTTCTTCGATCAC -3´
5´- CTGCAGACCCGGGTGGTGCTGCCTCTTCCTTTT -3´

BamHI
XmaI

pSPYNE.NDH-S AT4G23890.1
Frw
Rev

5´- CTGCAGAGGATCCATGGCGACTTCTTCGATCAC -3´
5´- CTGCAGACCCGGGTGGTGCTGCCTCTTCCTTTT -3´

BamHI
XmaI

pSPYCE.PGR5 At2g05620.1 Frw
Rev

5´- CTGCAGAGGATCCATGGCTGCTGCTTCGATTTC -3´
5´- CTGCAGACCCGGGAGCAAGGAAACCAAGCCTCT -3´

BamHI
XmaI

pSPYNE.PGR5 At2g05620.1
Frw
Rev

5´- CTGCAGAGGATCCATGGCTGCTGCTTCGATTTC -3´
5´- CTGCAGACCCGGGAGCAAGGAAACCAAGCCTCT -3´

BamHI
XmaI

pSPYCE.PGRL1A At4g22890 Frw
Rev

5´- CTGCAGAGGATCCATGGGTAGCAAGATGTTGTTTA -3´
5´- CTGCAGACCCGGGAGCTTGGCTTCCTTCTGGC -3´

BamHI
XmaI

pSPYNE.PGRL1A At4g22890 Frw
Rev

5´- CTGCAGAGGATCCATGGGTAGCAAGATGTTGTTTA -3´
5´- CTGCAGACCCGGGAGCTTGGCTTCCTTCTGGC -3´

BamHI
XmaI
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