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Supplemental Figure S1. 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 pmol photons m2 s1), growth
light (GL, 200 pmol photons m2s1) or high light (HL, 800 umol photons m2s1).

(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 pg of soluble protein was loaded for WT and 2 pg 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 S2. 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 umol photons
m=2 s, The cyan bar indicates exposure to a 480 nm measuring light of 0.28 umol photons m-2s-1, the white bar
depicts illumination with 67 pumol photons m2 s white light and the red bar shows the duration of a pulse of far red
light. The curves are averages of measurements from 3—4 individual leaves.

(B) Quantum yield of PSII (Y(II)), redox state of the PQ pool (1-gL) 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 *.

(C) Estimation of H,O, content in WT, ntrc and OE-NTRC leaves after 1h illumination in low (LL) or growth light
intensity (GL) based on the intensity of DAB staining. Values are represented as weighted (based on leaf area) aver-
ages of quantified DAB intensity from 12-19 individual leaves from 2 biological replicates +SE, and statistically signifi-
cant differences to WT according to Student’s T-tests (P<0.05) are marked with *. Representative photographs of DAB-
stained leaves are shown on the right.
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Supplemental Figure S3. In vivo redox states of PGRL1 and CF;y 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 after illumination of dark-adapted leaves for 20, 40, 60, 80 and 120 seconds under growth light.
—DTT is a control sample where free thiols were blocked with NEM but DTT was not added thereafter, prevent-
ing any alkylation by MAL-PEG.

(B) In vivo redox state of the ATP synthase y subunit (CFyy) during transitions from low light (40 pmol photons
m-2s1) to high light (600 pmol photons m2s?) in WT, OE-NTRC and ntrc leaves. Prior to the light intensity shift
plants grown under 200 umol photons | m2 st were kept 30 min under low irradiance. Samples were taken
after illumination for 0, 30, 60 and 120 seconds in high light. A dark-incubated control (WT dark) is seen in the
right panel.* marks unspecific bands.
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Supplemental Figure S4. Bimolecular fluorescence complementation (BiFC) tests between
TRX-x and NdhS and PGR5.

The left panel shows yellow fluorescent protein (YFP) fluorescence in green, the middle panel
Chlorophyll a autofluorescence in red and the right panel a merged image of YFP, chlorophyll and
brightfield images. YFP-N and YFP-C indicate expression of fusion proteins including the N-termi-
nal and C-terminal parts of YFP, respectively, in tobacco (Nicotiana benthamiana) leaves.



Supplemental Table S1. Parameters determined from OJIP transients of chlorophyll a fluorescence.

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

line | Fo(Faous) Ao M50-150 s
WT 0.18 1.62 0.58
OE-NTRC 0.21 1.46 0.74
ntrc 0.26 1.29 1.20
pgrs 0.21 1.84 0.47

ndho 0.17 1.76 0.57



Supplemental Table S2. Screening of putative NTRC target proteins by Co-IP/MS.

One hundred chloroplast proteins present in WT and/or OE-NTRC eluates but absent from ntrc eluates
are listed in this table in the order of their abundance in the Co-IP eluates (Supplemental Dataset 1). At
least two unique peptides were detected of each protein. Previously published TRX targets are high-
lighted with blue (articles 3, 5, 6, 7, 8, and 9 in Suppl. references) and established NTRC interactors with
red colour (articles 1, 2, 4, 10, and 11 in Suppl. references), while proteins involved in CEF are in bold.
Functions of the proteins are provided based on the annotation in the TAIR database.

# AGlcode Annotation ntrc WT N?E_C Function

1 ATCGO01110.1 NAD(P)H dehydrogenase subunit H - + + Cyclic electron flow
2 AT1G15980.1 NDH-dependent cyclic electron flow 1 (Ndh48) - + + Cyclic electron flow
3 AT3G11630.1 2-Cysteine peroxiredoxin A/B® - + + Redox regulation

4 AT4G25080.4 magnesium-protoporphyrin IX methyltransferase® - + + Chl biosynthesis

5 AT5G43780.1 sulfate adenylyltransferase, ATP sulfurylase (APS4, ATPS4) - + + f\ﬂfs;ﬁtﬁzssi{:”a“o”'
6 AT3G27925.1 DegP protease 1 - + + proteolysis

7 AT2G42220.1 Rhodanese/Cell cycle control phosphatase superfamily protein - + + Cell cycle

8 AT2G40100.1 LHCBA4.3, LIGHT HARVESTING COMPLEX PHOTOSYSTEM II - + + Photosynthesis

9 ATCGO01120.1 chloroplast ribosomal protein S15 - + + Translation

10 AT4G17090.1 chloroplast beta-amylase® - + + Starch degradation
11 AT1G69830.1 alpha-amylase-like 3®) - + + Starch degradation
12 AT5G53580.1 ATPLR1, PLR1, PYRIDOXAL REDUCTASE 1 - + + Carbon metabolism
13 AT5G03880.1 Thioredoxin family protein - + + Redox regulation

14 AT3G55610.1 delta 1-pyrroline-5-carboxylate synthase 2 - + + AA biosynthesis

15 AT1G70820.1 phosphoglucomutase, putative - + + Carbon metabolism
16 AT4G22710.1 cytochrome P450, family 706, subfamily A, polypeptide 2 - + + Secondary metabolism
17 AT3G54110.1 plant uncoupling mitochondrial protein 1 - + + Photorespiration

18 AT4G05180.1 photosystem Il subunit Q-2 - + + Photosynthesis

19 AT2G04842.1 threonyl-tRNA synthetase, putative / threonine--tRNA ligase, putative - + + Translation

20 AT5G37510.1 NADH-ubiquinone dehydrogenase, mitochondrial, putative - + + Mt respiration

21 AT5G65220.1 Ribosomal L29 family protein - + + Translation

22 AT4G29670.1 ACHT2, ATYPICAL CYS HIS RICH THIOREDOXIN 2 - + + Redox regulation

23 AT4G23650.1 CALCIUM-DEPENDENT PROTEIN KINASE 6, CDPK6, CPK3 - + + Photosynthesis

24 AT1G58290.1 Glutamyl-tRNA reductase family protein; GLUTR, HEMA1® - + + Chl biosynthesis

25 AT1G58080.1 ATP phosphoribosyl transferase 1 - + + AA biosynthesis

26 AT3G24430.1 HCF101 - + + Photosynthesis

27 AT2G32730.1 26S proteasome regulatory complex, Rpn2/Psmd1 subunit - + + Proteolysis

28 AT5G11880.1 Pyridoxal-dependent decarboxylase family protein - + + aa synthesis

29 AT1G63970.2 é\C(-'\‘l\{IrEI:AI-gYEI_’-’a-EECRF\)(S'I'HRITOL 2,4-CYCLODIPHOSPHATE _ + + gae;t;gzlié?scniecondary
30 AT5G40950.1 ribosomal protein large subunit 27 - + + Translation

31 AT5G03290.1 isocitrate dehydrogenase V, IDH-V - + + Carbon metabolism
32 AT5G65840.1 Thioredoxin superfamily protein - + + Redox regulation

33 AT4G23890.1 CHLORORESPIRATORY REDUCTION 31, CRR31, NdhS - + + Cyclic electron flow
34 ATCGO00330.1 chloroplast ribosomal protein S14 - + + Translation

35 AT1G34000.1 OHP2, ONE-HELIX PROTEIN 2 - + + Photosynthesis

36 AT1G18500.1 IPMS1, ISOPROPYLMALATE SYNTHASE 1, MAML-4, - + + AA synthesis

37 AT2G28800.4 ALB3, ALBINO 3 - + + ggr'gztczirfgjnegs &
38 AT5G08540.1 unknown protein - + + Unknown

39 AT1G08520.1 CHLD, ALB-1V, ALB1, ALBINA 1, PDE166 - - + Chl biosynthesis

40 AT1G06680.2 photosystem Il subunit P-1 - + + Photosynthesis

41 AT5G26830.1 Threonyl-tRNA synthetase - + + Translation

42 AT4G15110.1 cytochrome P450, family 97, subfamily B, polypeptide 3 - + - Carbon metabolism
43 AT5G66420.1 unknown protein - + - Unknown

44 AT1G33780.1 unknown protein - + + Unknown

45 AT1G45201.2 triacylglycerol lipase-like 1 - + + Lipid metabolism

46 AT1G48350.1 Ribosomal L18p/L5e family protein - + + Translation

47 AT1G09620.1 leucine-tRNA ligase - + + Translation
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AT1G64190.1
AT5G14320.1
AT5G19940.2
AT1G50450.1
AT3G20680.1
AT1G77060.1
AT5G27380.1
AT1G51110.1
AT3G10940.1

AT5G47890.1

AT1G10760.1
AT4G26900.1
AT4G21280.1
ATCG00820.1
AT2G34460.1
AT1G56500.1
AT5G54600.1
AT2G21170.1
AT4G35630.1
AT4G31780.2

AT3G04870.1

AT5G14060.1
AT1G80480.1
AT1G75460.1
AT1G18060.1
AT1G50200.2
AT2G30790.1
AT3G54210.1
AT3G01440.1
AT1G02560.1
AT2G15620.1
AT5G18660.1
AT3G59780.1
AT1G74880.1
AT5G36170.2
AT1G16880.1
AT5G24300.1
AT1G78140.1
AT4G25450.3
AT5G21430.2
AT1G16410.2
AT2G05620.1
AT3G06050.1
AT2G32920.1
AT4G12830.1
AT3G55250.1
AT3G53900.1
AT1G77490.1
AT5G11450.1
AT4G34120.1

AT1G31800.1

AT3G02780.1
AT4G37200.1

6-PHOSPHOGLUCONATE DEHYDROGENASE 1, PGD1®
Ribosomal protein S13/S18 family

Plastid-lipid associated protein PAP / fibrillin family protein
Saccharopine dehydrogenase

unknown protein

Phosphoenolpyruvate carboxylase family protein

glutathione synthetase 2, GSH2

Plastid-lipid associated protein PAP / fibrillin family protein
dual specificity protein phosphatase (DsPTP1) family protein

NADH-ubiquinone oxidoreductase B8 subunit, putative

GWD, GWD1, SEX1, SOP, SOP1, STARCH EXCESS 1™
HIS HF, HISN4

photosystem Il subunit QA

ribosomal protein S19

NAD(P)-binding Rossmann-fold superfamily protein

SOQ1, SUPPRESSOR OF QUENCHING 1

PLASTID RIBOSOMAL PROTEIN L24, RPL24
triosephosphate isomerase, TP1©

phosphoserine aminotransferase

monogalactosyl diacylglycerol synthase 1, MGD1, MGDA®

zeta-carotene desaturase, ZDS

lysine-sensitive aspartate kinase CARAB-AK-LYS

plastid transcriptionally active 17

ATP-dependent protease La (LON) domain protein

unknown protein

Alanyl-tRNA synthetase

photosystem Il subunit P-2

Ribosomal protein L17 family protein

PsbQ-like 2

nuclear encoded CLP protease 5

nitrite reductase 1, NIR1©®

PALE-GREEN AND CHLOROPHYLL B REDUCED 2, PCB2
Rhodanese/Cell cycle control phosphatase superfamily protein
NAD(P)H:plastoquinone dehydrogenase complex subunit O
high chlorophyll fluorescent 109, HCF109

ACR11, ACT DOMAIN REPEATS 11

ATSS1, SS1, STARCH SYNTHASE 1¢9
S-adenosyl-L-methionine-dependent methyltransferases superfamily
non-intrinsic ABC protein 8

NADH dehydrogenase-like complex U, NdhU

BUS1, BUSHY 1, CYP79F1, CYTOCHROME P450 79F1, SPS1
PROTON GRADIENT REGULATION 5, PGR5

peroxiredoxin IIF

PDI-like 2-3 , Protein disulfide-isomerase 2-3
alpha/beta-Hydrolases superfamily protein

Putative calcium homeostasis regulator

uracil phosphoribosyltransferase

thylakoidal ascorbate peroxidase

PsbP domain-containing protein 5, PPD5

Cystathionine beta-synthase (CBS) family protein, CBSX2%

LUTEIN DEFICIENT 5

isopentenyl pyrophosphate:dimethylallyl pyrophosphate isomerase 2
Thioredoxin superfamily protein HCF164
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Carbon metabol.
Translation
Lipid metabolism

unknown

Carbon metabolism
Redox regulation
AA biosynthesis
Starch degradation
Mitochondrial
respiration

Strach degradation
AA synthesis
Photosynthesis
Translation
unknown

Redox regulation
translation

Carbon metabolism
AA synthesis

Lipid metabolism

Carbon metabolism,
secondary metabilsm

AA synthesis
unknown

Proteolysis

Unknown
Translation
Photosynthesis
Tranlation

Cyclic electron flow
Proteolysis

Nitrogen metabolism
Chl biosynthesis

Cell cycle

Cyclic electron flow

AA metabolism
Starch synthesis

unknown

Cyclic electron flow
Secondary metabolism
Cyclic electron flow
Redox regulation
Redox regulation
unknown

Signalling

Redox regulation

Redox regulation

Carotenoid
biosynthesis

Chl biosynthesis
Redox regulation



Supplemental Table S3. Multiple alignment of NdhS amino acid sequences in embryophytes.

Sequences from Physcomitrella patens (PHYPADRAFT_188716), Glycine max (GLYMAO03GO01720),
Brachypodium distachion (BRADI3G21280), Sorghum bicolor (Sb07g028880), Oryza sativa (O0S07G0196200),
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--AMTG I CRAPLSLALQRESSFWGSNVGVHQQQKSASSNSGGSTGGVRVG IRAEGFDF

Glycine  ————- MSSFVALQGLHGSLLSSQFLGQDTLTHFHPRNKASST 1Q-NKPTTAQQPSAKFDM
Brachypodium - MAPAPTTPSFLRPPPLPHHR--——-=-—-——- V-R--LPPPPPSASFRL
Sorghum e MAPPPTSSSFLRPPPLPHHP---====—— H-PRLH-FRPPSASFRV
Oryza = e MAPTTPASFLRPPPLPHHH----==——- H-PRIVRLPPPSATFRV
Solanum MASASSFQLSSLQIQTPPLKKSNFLGQSVNLNLS-SSVHTKSAM-KSSSNSVTP IAKFNL
Arabidopsis ———MATSSITIPTIRTP-1HRSKFLGQTHQFSTVNRSVFPPPKQ-QSKLYQVKAMGKFNL
Vitis

Physcomitrella

-———MAYSFTVPSLQRPLPHKSHFLGQGHFPNNIQKASLSR----TRTPLPVKASAKFDL
* *

WQVLGGRGLKGGEDGLKQEKTARVLQEAKKNLVVE-KKKKGSVEGNVEAAEGLPGTFNKE

Glycine LQIVGGRGLCNGEAGLKQELKKQVGVDEKGQTSAT-SGKEQEEEEESTSVVATEDGFEKE
Brachypodium AEILGGRGLCNGEVGIRKELSSTPTTPSTPTADSS-P---GGAAAEADPPAVDPDAFEKE
Sorghum SE1LGGRGHCNGEVGVRKELTSGSSAST---TTSS-PAPSPSPSTESPPPAVDLDAFDKE
Oryza ADLLGGRGLCNGEVGIRKELASDSPAAPPSTTTSS-DEPAESPPPPPAASGVDPDAFDKE
Solanum YEILGGRGLICNGEEG I EKELKKS I SEEQKAVGSAAAAASDDDNQENKETGE I PEDGFEKE
Arabidopsis WEVMGGRGLCNGEKG IEKELQRN IEDEQETSKAEN-NETERESDDSNLSFKVPEDGFEKE
Vitis FGIMGGRGLICNGEEGLQQELKRN IEPAPSPDSVKD-E----EKPALAAVDDVPEDGFDKE

Physcomitrella

- =kkkkk **k *=- =% * =-k%

LGGWTGGFPGGEKGLRQFVQSNPPPAKASQMSNE IRKLQDS I SRPLKPRAPSPPLLMPGM

Glycine LMGLTGGFPGGEEVHSG-———————- KPSSSKTKSSKN-LKLALSKKPKPPELPLLLPGM
Brachypodium MMGLTGGFPGGEVGLKDFVAKNPPPPPKRTQPDGIAGS-AAVVPAERPRRPELPLFLPGM
Sorghum MMGLTGGFPGGEVGLKDFVAKNPPPPRSKKSNSQLVAP-QATTLSAPPRTPELPLFLPGM
Oryza MMGLTGGFPGGEVGLKDFVAKNPPPPKPAHRKGLA--—-- AAATVERPRAPELPLFLPGM
Solanum MMGFTGGFPGGEKGLMKF I EKNPPPPPPKKTESSMVSG-FNQSLVKKPKPPELPLLLPGM
Arabidopsis MMGLTGGFPGGEKGLKTFIEKNPPPPPPPPPAKQGSDA-SAVATDKKPKAPKLPLLMPGM
Vitis LLGLTGGFPGGEKGLKQFLEKNPPPEKT —=—--- SGNI-1ENARLRKPKPPELPLLMPGM

Physcomitrella
Glycine

= * Fkihkkkikkk *=- * *k - =-Kkkk

TVKV ISPSNPYFEF 1G 1VQRVTDGKVGY I FEGGNWDKLVSFKLQDLERTSQGPPMSNPKS
IATVKNPNNPEYMY|CK IVQR I TDG——— === — oo PRMKNPKS

Brachypodium 1VLVKNPRNAYHMY|CG I VQRVTDGKVGVLFEGGNWDRL I TFGVDELEGREKGPPMVNPKS
Sorghum VVLVKNPNNAYYMY|CG I VQRVTDGKVAVLFEGG IWDRL I TENLDELEGREKGPPMVNPKS
Oryza VVLVKNPNNAYHMYICG I VQRVTDGKVGVLFEGG IWDRL I TFDLDELEGREKGPPMVNPKS
Solanum IATVKNSNNPYYMY|CG 1VQR I TDGKAAVLFEGGNWDRL I SFRLEELERREKGPPMVNLKS
Arabidopsis IATVKNQNSPYHMY|CG I VQR I TDGKAGVLFEGGNWDRL I TFRLEELERREKGPPGKNPKS
Vitis C

Physcomitrella
Glycine

IATVKNPNNPFYM 1VQR I TDGKAGVLFEGGNWDRL I TFRLEELQRRDKGPPMKNPKS
* - - *kkhkk - **kx * * K%

AILERMIVPEGTSSPEGASS-~———————————————
AVLKPFLEKKS== === = mmmmmm e

Brachypodium VVLEALVADLADDTEAEE----TEKKEEEAGAAAAKA
Sorghum VVLED IVAQLEDDDDDKE-DEAAKKEKEPEGAAAAA-
Oryza VLLESLAAEMEDDVAKEEEGEEAKKKKEEEGTAAAA-
Solanum VILEKMVEKSSEA--———————————— - —————
Arabidopsis CILEPLIEQMQKEEAAP - ———————————————————
Vitis AILETLLEQEA-—————————— oo~
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Supplemental Table S4. 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
Physcomitrella
Sorghum
Brachypodium
Oryza

Glycine
Arabidopsis
Solanum

Vitis

Synechocystis
Physcomitrella
Sorghum
Brachypodium
Oryza

Glycine
Arabidopsis
Solanum

Vitis

Synechocystis
Physcomitrella
Sorghum
Brachypodium
Oryza

Glycine
Arabidopsis
Solanum

Vitis

Synechocystis
Physcomitrella
Sorghum
Brachypodium
Oryza

Glycine
Arabidopsis
Solanum

Vitis

MTKIETRTEPMVLNMGPHHPSMHGVLRL IVTLDGEDVVDCEPV IGYLHRGMEKIAESRTN
--MLATKTKPMIVSMGPHHPSMHGVLRLIVTLDGENVIDCEP ILGYLHRGMEKIAENRT
MSLSLKRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDV IDCEPILGYLHRGMEKIAENRSI
MSLPLTRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDV IDCEP ILGYLHRGMEKIAENRTI
MSLPLTRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDV IDCEPILGYLHRGMEKIAENRTI
MNISTTRKDFMIVNMGPHHPSMHGVLRLIVTLDGEDV IDCEP ILGYLHRGMEKIAENRTI
MKRPVTGKDLMIVNMGPHHPSMHGVLRL IVTLDGEDVVDCEP ILGYLHRGMEKIAENRAI
MTAPTTRKDLMIVNMGPQHPSMHGVLRLIVTLDGEDVVDCEP ILGYLHRGMEKIAENRTI
MNVPATREDLMIVNMGPHHPSMHGVLRLIVTLDGEDV IDCEP ILGYLHRGMEKIAENRTI

K== KEAK=AAAAAAAAAAAAAXA AKX - - k= = kAhkAkAiAkAikikx K-

IMYVPYVSRWDYAAGMFNEA I TVNAPEKLAD IEVPKRAQY IRV IMLELNRIANHLLWLGP
VQYLPYVTRWDYLATMFTEAITVNAPEKLTNIQVPKRASY IRMIMLELSRVASHLLWLGP
IQYLPYVTRWDYLATMFTEAITVNAPEFLENIQIPQRASY IRVIMLELSRIASHLLWLGP
IQYLPYVTRWDYLATMFTEAITVNAPEFLENIQIPQRASY IRVIMLELSRIASHLLWLGP
IQYLPYVTRWDYLATMFTEAITVNAPEFLENIQIPQRASY IRVIMLELSRIASHLLWLGP
IQYLPYVTRWDYLATMFTEAITVNGPEQLGNIQVPKRASY IRVIMLELSRIASHLLWLGP
IQYLPYVTRWDYLATMFTEAITVNGPEQLGN IQVPKRASY IRVIMLELSRIASHLLWLGP
IQYLPYVTRWDYLATMFTEAIT INGPEQLGN IQVPKRASY IRVIMLELSRIASHLLWLGP
IQYLPYVTRWDYLATMFTEAITVNAPEQLGN IQVPKRASY IRVIMLELSRIASHLLWLGP

= Kekhkhk=kkkhkAhk K Kk Khkkhkkhk=-k Kk Kk k= -ke-kk Khkkhk-kkkhAkAhk Kh-k KhkkhkAikkhkk

FMADVGAQTPFFY IFREREM1 YDLWEAASGMRL INNNYFRVGGVAVDLPYGWNDKCEDFC
FMADIGAQTPFFY ILREREMIYDLFEAATGMRMMH-NYFRIGGVAVDLPYGWIDKC
FMADLGAQTPFFY IFREREL I'YDLFEAATGMRMMH-NYFR1GGVAADLPYGWMDKIC
FMADLGAQTPFFY I FREREL 1YDLFEAATGMRMMH-NYFRIGGVAADLPYGWIEKC
FMADLGAQTPFFY 1FREREL 1'YDLFEAATGMRMMH-NYFR1GGVAADLPYGWIDKC
FMADIGAQTPFFY I1FRERELI'YDLFEAATGMRMMH-NFFRIGGVATDLPYGWVDKC
FMADIGAQTPFFY IFREREFVYDLFEAATGMRMMH-NFFRIGG IAADLPYGWIDKC
FMADIGAQTPFFY IFREREL I'YDLFEAATGMRMMH-NYFR1GGVAADLPYGWIDKC
FMADIGAQTPFFY I FRERELVYDLFEAATGMRMMH-NYFRIGGVAADLPHGWIDKC
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DYFLPKVDEYEKL ITNNPIFRRRVEGVGTVTREEAINWGLSGPMLRGSGVKWDLRKVDHY
DYFLPKVNEYERLITNNPIFLKRVEGIGI 1GKEEAINWGLSGPMLRASGVQWDLRKVDHY
DYFLQGVVEYQQLITRNPIFLERVEGVGF I SGEEAVNWGLSGPMLRASG I1QWDLRKIDPY
DYFLRGVVEYQQLITQONP IFLERVERVGF 1 SGEEAVNWGLSGPMLRASG IRWDLRKVDLY
DYFLRGVIEYQQLITQNPIFLERVEGVGF I SGEEAVNWGLSGPMLRASG IQWDLRKVDLY
DYFLTRIVEYQKLITRNPIFLERVEGVGVVDIKEVINWGLSGPMLRASG IQWDLRKVDNY
DYFLTEVVEYQKLITRNPIFLERVEGVGI I1GGEEAINWGLSGPMLRASG IPWDLRKIDRY
DYFLTGVAEYQKLITRNPIFLERVEGVGI IGRDEALNWGLSGPMLRASG IEWDLRKVDHY
DYFLTGVAEYQKLITRNPIFLERVEGVGI 1GVEEAINWGLSGPMLRASG 1QWDLRKVDHY
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ECYDELDWEVQYETAGDCFARYLVRIREMRESVKI1 IRQALKAMPGGPYENLEAKRLQEGK
ECYDELDWQ IQWQKEGDSLARYLVRIGEMKESIK1 IQQALKSIPGGPYENLEARRLQRGK
ESYNQFDWKVQWQKEGDSLARYLVRVGEMRES IK1 IQQAVEKIPGGPYENLEARRFKKAK
ESYNQFGWKVQWQKEGDSLARYLVRIGEMRES KT 1QQAVEKIPGGPYENLEVRRFKKEK
ESYNQFDWKVQWQKEGDSLARYLVRIGEMRESIK1 IQQAVEKIPGGPYENLEVRRFKKAK
ECYEEFDWEVQWQKEGDSLARYLVRIGEMMESIK1 IQQALEGIPGGPYENLE IRCFDREK
ESYDEFEWE IQWQKQGDSLARYLVRLSEMTESIKI1 IQQALEGLPGGPYENLESRGFDRKR
ESYDEFDWQVQWQREGDSLARYLVRIGEMTESIKI IQQALEGIPGGPYENLEMRRFDRLK
ECYDEFDWEVQWQKEGDSLSRYLVRIGEMVASIKIIQQALEGIPGGPYENLEIRCFDRAR

* *--- *--*-- ** --*****- ** * *** **-- -********* - =

KSEWNDFQYQY IAKKVAPTFKIPAGEHYVRLESGKGELG I F1QGNDDVFPWRWK IRSADF
KSEWNNFEYQF I SKKPSPTFKLPKQEHY IRVEAPKGELGVFL IGDDSVFPWRWK IRPPGF
NPEWNDFEYRFLGKKPSPNFELSKQELYVRVEAPKGELG1YLVGDDSLFPWRWKIRPPGF
NSEWNDFEYRFLGKKPSPNFELSKQELYVRIEAPKGELG1YLVGDDGLFPWRWK IRPPGF
NSEWNDFEYRFLGKKPSPNFELSKQELYARVEAPKGELG1YLVGDDSLFPWRWKIRPPGF
EPEWNEFEYRFISKKPSPTFELPKQELYVRIEAPKGELG IFL IGDQNGFPWRWK IRPPGF
NPEWNDFEYRF I SKKPSPTFELSKQELYVRVEAPKGELG I FL1GDQSGFPWRWK IRPPGF
DPEWNDFEYRF I SKKPSPTFELSKQELYVRVEAPKGELG I FL1GDQSVFPWRWK IRPPGF
DPELNDFEYRF I SKKPSPTFELSKQELYVRVEAPKGELG I FL1GDQNVFPWRWK IRPPGF
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NNLQILPHILKGVKVADIMAILGSIDI IMGSVDR
INLQILPQLVKGMKLAD IMTILGSIDI IMGEVDR
INLQILPQLVKKMKLAD IMTILGSIDI IMGEVDR
INLQILPQLVKKMKLAD IMTILGSIDI IMGEVDR
INLQILPQLVKKMKLADIMTILGSIDI IMGEVDR
INLQILPQLVKRMKLAD IMTILGSIDI IMGEVDR
INLQILPELVKRMKLAD IMTILGSIDI IMGEVDR
INLQILPQLVKRMKLAD IMTILGSIDI IMGEVDR
INLQILPQLVKRMKLAD IMTILGSIDI IMGEVDR
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Supplemental Table S5. Multiple alignment of Ndh48 (PNSB1) amino acid sequences in embryophytes. Se-
guences from Physcomitrella patens (PHYPADRAFT_106212), Oryza sativa (0s08g0276100), 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--LPI1ARQ---—=—--- CCCHL----LQLGRRG--G
Brachypodium MQTPTMYTSMAARATSA--AANLP--APPPRQ---—-=—--- CYYHL----LPPAGRR--S
Populus -—-——-MASTSLLPKTISPFLTNPPP--LPSTHFTSKPSFFNPSADHH----LPCTRKP---
Arabidopsis ---MASSLPLLPKPISPFFKTPPF--STSKPLV--—-- FL---NFQ----TRLTSRSSDV
Glycine MAATYYLLPTSPKTFSPFLRNPPS--I1PSGHHVSLLGSLL---DYP----FHCSSRRGNN

Physcomitrella

SS--VVVSAKKGWFDDPFDYGADDEEDTMGELMSQGPQGAEDPRPARDPDSESGYLDFPA

Oryza AGVARASAKKKNPWLDPFDDGPDDEFDY-RGAFSGG-KQEEDPRPPEDPANPYGFLRFPA
Brachypodium VWALSASPKKKNPWLDPFDDGPDEDFDY-TGVYSGG-KQDEDPRPPEDPSNPYGFLRFPM
Populus -SILTPYAKKKNPWID I FDDGEDLDMEY-GSLFVDG-KQDEDTRPVYDNPNNPYGFLKFPK
Arabidopsis S---VNLKKKNNPWLDPFDSGEDPDNEY -GSLFADG-KQDEDPRPPDNPDNPYGFLKFPK
Glycine SVEANCNAKKKNPWLDPFDDGEDPEMEY GSLFADG KQEEDPRPPDDPDNPYGFLKFPS

Physcomitrella

= K*x X%k X X* = = Kk KKk - % ****

GFMPEVASLGILIRNDVRRCLCMISGGVYENLLFFPVIQLLKNRYPGVRIDVMATPRGKQ

Oryza GYNPELDSLASKVRRDVRRAGCGVVSGGVYENVLFFPVVQLLRDRYPGVVVDVVASARGKQ
Brachypodium GYNPELDSLASKVRGDVRR VSGGVYENVLFFPVVQLLKDRYPGVL IDVVASARGKQ
Populus GYNVEVAQLGLKIRGDVRR I SGGVYENLLFFPVIQMLKDRYPGILVDVLASDRGKQ
Arabidopsis GYTVELASLPLKIRGDVRR ISGGVYENLLFFPTIQLIKDRYPGVQVDILTTERGKQ
Glycine GYSVEIASLALKVRGDVRR ISGGVYENLLFFPAIQLIKDRYPGVQIDVVASERGKQ

Physcomitrella
Oryza

* - * - * =k *khkk - ******* **** =k - - **** - === kkkk

AYEMNKNVRKAWVHPVDDQFLRPVDFTETVGKIKGEYYDLLVSTKLAGLGQS IFFWLASYV
VYEMCKNVRYADVYDPDDDWPEPAEYTHQLGVLKNRYYDL 1 I STKLAGIGHALFLFMSSA

Brachypodium VYEMCKNVRYANVYDPDDDWPEPAEYTHQLGVLKNRYYDMILSTKLAGTGHALFLFMSSA
Populus CYELNKNVRWANVYDPDG-DPEPAIYTDMIGVLKNRYYDLVLSTKLAGLGHASFMFMSSA
Arabidopsis TYELNKNVRWANVYDPDDHWPEPAEYTDMIGLLKGRYYDMVLSTKLAGLGHAAFLFMTTA
Glycine TYELNKNVRWANAYDPDDEFPEPAEYTDMVGVLKNRYYDMVLSTKLAGLGHAAFLFMTTA

Physcomitrella

** *hkikk * - * -* -k =% *** - ****** * = K==

RNKVSYTYPDVNAAGAAKFLD I A1KAPQLELAESGFNMYAEMI EELSQMGKNVPKTEVPP

Oryza RDKVGYVYPNVNSAGAGLFLTEMFRPPTTNLADSGYNMYQDMLEW IGRPAKGVPEHPVPP
Brachypodium REKVGYVYPNVNGAGAGLFLTEMFKPPTTNLSDGGYNMYQEMLEWLGRPGKGVPQQP IPP
Populus RDKVSY 1'YPNVNAAGAGLLLTETFTPDSANLSEGGYHMYHQMLDWLGRP 1'YNVPRQPVPP
Arabidopsis RDRVSY I YPNVNSAGAGLMLSETFTAENTNLSELGYSMYTQMEDWLGRPFRSVPRTPLLP
Glycine

Physcomitrella

RDRVSYIYPNVNAAGAGLLLSETFVPDSQNLSDGGYNMYHQMVDWLGKPFREVPRQPVPP

E * * ** ** *** - * = Kk =K

LEVGIGSKVKAYVEAKYREAGVREGEFLVFHGIECDSSASMTSKGDKDCLLPLSMWAETA

Oryza LRVS ISKKLRAFVEDKYSRAGVEKGKFVVVHGIASDSFANMRSRGDDDCLLPLEHWAETA
Brachypodium LRVSISKKLRG I VEDKYSRAGVEKGKFVVVHGIASDSVANMTSRGDDDCLLPLEQWAETA
Populus LRVSLSRKLKQYVEAKYRAAGAEKGKY IVIHGIESDSKASMQSRGDTDSLLPLEVWDQIA
Arabidopsis LRVSISRKVKEVVAAKYRNAGAVTGKF1VIHG I ESDSKASMQSKGDADSLLSLEKWAKT I
Glycine LRVS ISKKLKEVVEAKYEKAGAKKGKYVV IHG I KSDSKASMQSRGDPDSLLP IEVWAETA
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KSTS----- DKVVFVIPNEKWRRKVKE I -CGENAHIVF I TTPGQLGAL INASKGVVTTNT
KE1SSEDNGLKPLFVIPHQKHREEVEET-VGKDTNILFITTPGQLTCLINDSVGVVATNT
KA1SSQGNGLRPLFVMPHQKHREEIED I -VGRETSYLFITTPGQLTCL INDSAGVVATNT
DAIS--—-GFKPVFVIPHEKERENVEEI IYNEDIGILFITTPGQ-ATLINDSAGVIATNT
KGVR----GFKPVFVIPHEKERENVEDF-VGDDTSIVFITTPGQLAAL INDSAGVIATNT
DVIR----DVTPLFVIPHEKERENVEEI - FSEDASIVFITTPGQLAALINDSAGVIATNT
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Supplemental Table S6. Forward and reverse primers used for cloning of bimolecular fluores-
cence 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
SPYCENDH.S | ATacasgood | I 5 - CTGCAGAGGATCCATGGCGACTTCTICGATCAC -3 BamHI
P : 1 1 Rev 5-CTGCAGACCCGGGTGGTGCTGCCTCTTCCTTTT -3 Xmal
Frw  5- CTGCAGAGGATCCATGGCGACTTCTTCGATCAC -3 BamHI
PSPYNENDH-S | ATAG23890.1 | oo/ 5. CTGCAGACCCGGGTGGTGCTGCCTCTTCCTTTT -3 Xmal
Fw  5- CTGCAGAGGATCCATGGCTGCTGCTTCGATTTC -3 BamHI
PSPYCEPGRS | A2g05620.1 | o) 5. CTGCAGACCCGGGAGCAAGGAAACCAAGCCTCT -3 Xmal
Fw  5- CTGCAGAGGATCCATGGCTGCTGCTTCGATTTC -3 BamHI
PSPYNEPGRS | A2g05620.1 | o) 5. CTGCAGACCCGGGAGCAAGGAAACCAAGCCTCT -3 Xmal
Frw  5- CTGCAGAGGATCCATGGGTAGCAAGATGTTGTTTA -3° BamH
PSPYCEPGRLIA | At4g22890 Rev 5- CTGCAGACCCGGGAGCTTGGCTTCCTTCTGGC -3 Xmal
Frw  5- CTGCAGAGGATCCATGGGTAGCAAGATGTTGTTTA -3° BamH
PSPYNE.PGRLIA | At4g22890 Rev 5- CTGCAGACCCGGGAGCTTGGCTTCCTTCTGGC -3 Xmal
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