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Supplemental Figure S1. Generation of P. patens mutant lines lacking respiratory complex | A-B) KO scheme
for Ndufa5 and Ndufb10 respectively, showing the CDS, the regions of homology chosen to drive homologous
recombination and insertion of the resistance cassette. In A and B are indicated the position of the primers
employed for recombination cassette construction (p1, p2, p3 and p4) and primers employed in mutant
screening (p5, p6, HNZ Up Rev and HN Down for). C) Example of PCR for verification of the homologous
recombination event. PCR products (called Left and Right Border, LB and RB; all PCR products have an expected
size of ca 1200 bp. LB was performed with primer p5 and HNZ Up rev while RB was performed with HN Down
for and p6) are generated only if the resistance cassette is inserted in the expected genomic region.
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Supplemental Figure S2. Growth kinetics of P. patens plants under different conditions. Plants were grown
under different light regimes and different medium composition as shown in Figure 2 and their size was
evaluated after 0, 3, 7, 14 and 21 days of growth. All plants were exposed to 50 pmol photons m2 s,
Squares show growth in medium supplemented with 0.5% of glucose, circles growth at 16h light/8h
light/dark photoperiod in minimal medium, triangles growth under continuous light regime in minimal
medium. WT, ndufb10 and ndufa5 KO are shown respectively in black, red and blue. Average + SD (n = 5) is
reported.
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Supplemental Figure S3. BN-PAGE separation of crude extracts. Crude membrane protein extracts from WT,
ndufb10 and ndufa5 were solubilized with 1% of B-dodecyl maltoside (B-DM). Complexes of thylakoid
membranes identifiable as green bands are indicated; PSI, Photosystem I; PSII, photosystem II; LHC, light-
harvesting chlorophyll complexes.



Supplemental Figure S4.
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Supplemental Figure S4. Impact of Complex | mutations on the photosynthetic apparatus composition.
Immunoblot analysis of various proteins of the photosynthetic apparatus. For WT 1X, ndufb10 and ndufa5s a
total protein extract amount equivalent to 2 g of total chlorophyll was loaded. 2X and 0.5X correspond to an
equivalent of 4 pug and 1 ug of total chlorophyll. PSI and PSII, Photosystem | and II; Cyt, Cytochrome.
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Supplemental Figure S5. Photosynthetic efficiency under dim illumination. The yield of PSI (O(1), A), PSII (O(l1),
B). PSl acceptor side limitation (Y(NA), C), PSI donor side limitation (Y(ND), D). PQ redox state (1-qL; E) and non-
photochemical quenching (NPQ; F) were monitored under illumination of 50 pmol photons m72s™*
corresponding to light intensity during growth. WT, ndufb10 and ndufa5 KO are shown respectively as black
squares, red circles and blue triangles. Yellow/black bar indicates light on/off. Data are shown as average + SD
(n > 4). Asterisks indicate statistically significant differences (one-way ANOVA, n > 5, p < 0.01) between WT
and both mutants while ns indicates when eventual differences are not statically significant. Statistical analyses
were performed for the last point before light was switched off.
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Supplemental Figure S6. Photosynthetic efficiency under saturating illumination. The yield of PSI (®(l), A), PSII
(@©(11), B). PSI acceptor side limitation (Y(NA), C), PSI donor side limitation (Y(ND), D). PQ redox state (1-gL; E)
and non-photochemical quenching (NPQ; F) under 2000 pmol photons m2s? of light intensity. WT, ndufb10
and ndufa5 KO are shown respectively with black square, red circle and cyan triangle. Yellow boxes above the
panels represent actinic light on, instead black boxes represent actinic light off. Data are shown as average +
SD (n > 4). Statistical analysis was performed for the last point of illumination before light was switched off
(one-way ANOVA, n >4, p < 0.01; ns = not significant).
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Supplemental Figure S7: Proton motive force composition before the steady state. A-B) Representative traces
of the ECS (Electro-Chromic Shift) signal after the light is switch off after 60 s (A) and 120 s (B) of illumination
(300 pmol photons m2 s1). WT, ndufb10 and ndufa5 KO are shown respectively as black squares, red circles
and blue triangles. C-D) pmf partitioning after 60 s (C) and 120 s (D) is represented with black columns for ApH
component and white columns for the electrical potential (AW) Data are shown as average + SD. For D asterisks
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Supplemental Figure S8.
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Supplemental Figure S8: Photosynthetic proton motive force at saturating illumination. Proton motive force
(pmf) generated in thylakoids membranes assessed by ECS (Electro-Chromic Shift) signal in plants exposed for
300 seconds of illumination with saturating light (300 pmol m2 s). A) Representative tracks of the ECS signal
after light is switch off. WT, ndufb10 and ndufa5 KO are shown respectively with black square, red circle and
cyan triangle. B) Black columns are representative for the osmotic components (ApH) of pmf while white
columns show the electrical potential (AW). Data are shown as average + SD (n > 5).
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Supplemental Figure S9: Photosynthetic electron transfer (ETR) in P. patens plants. A) Total photosynthetic
electron flow (TEF) and B) cyclic electron flow (CEF) measured in vivo in WT in ndufb10 and ndufa5 KO at 300
umol photons m=s™ actinic light, calculated from electrochromic shift signal. Electron transport rate values
are normalized to xenon-induced PSI turnovers. Data are shown as average + SD (n > 4).
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Supplemental Figure S10. ATPase activity assessed from ECS relaxation. A) Examples of ECS (Electro-Chromic
Shift) relaxation kinetics after 120 seconds of illumination with sub-saturating light (300 umol m™2 s!). WT,
ndufb10 and ndufa5 KO are shown respectively as black squares, red circles and blue triangles. B-D) Examples
of ECS relaxation traces for WT (B), ndufb10 (C) and ndufa5 (D) measured after illumination of different length.
In every panel traces after 30, 60, 90, 120, 180, 240, 300 and 480 seconds are shown respectively as black
squares, red circles, blue triangles, green triangles, magenta squares, ochre triangles, cyan triangles and
carmine hexagons.
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Supplemental Figure S11: Cyt b6f reduction state estimation. WT (A) and ndufa5 (B) are here reported. Cyt f
(cytochrome f) reduction showed in Figure 7 was measured by comparing the maximal signal obtained after
480 seconds under a saturating illumination (black line) with the signal obtained after treating the same sample
by DCMU and DBMIB (red line). The traces here reported show the first 2000ms after light is switched off. The

cyt f reduction rate was measured with a multiple exponential fitting of the complete cyt f reduction curve. All
samples are normalized to the maximal signal. Arrows (t = 0): light off.
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Supplemental Figure S12. Influence of respiration inhibition (KCN+SHAM) on proton conductivity (ga*) in WT
and Cl mutants. Proton conductivity (g4*) measured in control conditions and when respiration is fully
inhibited in both WT and Cl mutants with KCN 1mM and SHAM 8mM (as in Figure 4C). For control conditions
WT, ndufb10 and ndufa5 KO are shown respectively with black squares, red circles and blue triangles. For the
treatment with inhibitors WT, ndufb10 and ndufa5 KO are shown respectively with green triangles, magenta
squares, ochre triangles. gy* was calculated after exposure to 30s, 60s, 90s, 120s, 180s, 240s, 300s and 480s
of illumination (approx. 350 pmol photons m2s?) by fitting the first 300 ms of the ECS (Electro-Chromic Shift)
decay curve with a first-order exponential decay kinetic and indicated as the inverse of the decay time
constant (Avenson et al., 2005). Data are shown as average + SD (n > 3).
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Supplemental Figure S13. Summary of photosynthetic electron transport alterations in Cl depleted plants.
Scheme of the main components of photosynthetic electron transport from water to NADP+ summarizing all
differences observed in the mutants with respect to WT. PSI (ll), Photosystem | (ll); PQ, plastoquinone; Cyt,
cytochrome; Fd, Ferredoxin; FNR, Ferredoxin NADP reductase.



Supplemental Table S1. Identification of conserved Cl subunits in P. patens. Complex | subunits from B. taurus,
Y. lipolytica, C. reinhardtii and A. thaliana were obtained from Salinas et al., 2014, Subrahmanian et al., 2016
and Klusch et al., 2020. Names of proteins are based on published papers and reviews (see references). P.
patens nuclear homologous sequences were identified using BLAST facilities
(https://blast.ncbi.nim.nih.gov/Blast.cgi) with fungal, mammal, and plant protein and genic sequences against
the P. patens genome (v3.3) (Lang et al.,, 2018; https://phytozome.jgi.doe.gov/pz/portal.html). Subunits
encoded in the mitochondrial genome were identified from Terasawa et al., 2007. Name for the subunits in
plants are reported only when they differ from animals or yeast. In red are indicated subunits that were
confirmed by proteomic analyses (Mueller et al.,, 2014) In bold are indicated the subunits choose for
inactivation of the complexes. a) Salinas et al,, 2014;
b) Subrahmanian et al., 2016; c) Terasawa et al., 2007; d)Klusch et al., 2020 e) Rak and Rustin, 2014; f) Barbieri
et al,, 2011; g) Klodmann et al., 2011, h) Mueller et al., 2014.

B. taurus | Y. lipolytica | A. thaliana | C reinhardtii | P. patens | Ref.
Bacterial core
AtMg00516, .
ND1 ND1/NUIM | AtMg01120, AAB93446,nd1l | YP_539026 R
AtMg01275
AtMg00285, a, b, ¢
ND2 ND2/NUZM | 0 AAB93444, nd2 | YP_539019 y
ND3 ND3/NU3M | AtMg00990 AAQ55461, ND3 | YP_539030 ‘3 b, ¢,
ND4 ND4/NU4M | AtMg00580 AAB93441, nd4 | YP_539018 Z’ b, ¢,
NDA4L/ a, b ¢
NDAL NULM AtMg00650 AAO61142, nd4L | YP_539012 y
AtMg00060, .
ND5 ND5/NU5SM | AtMg00513, AAB93442, nd5 | YP_539016 o
AtMg00665
ND6 ND6/NU6M | AtMg00270 AAB93445,nd6 | YP_539023 Z b, ¢,
Pp3cl 34110,
NUO78/ XP_001692885, | Pp3cl 34100, a, b, d,
NDUFSI/75 KD | \iam At5g37510 NUOS1 Pp3cl 34140, h
Pp3c19 19270
NUO49/ XP_001697607, a, b, d,
NDUFS2 NUCMT AtMg00510 s YP 539031 ;
NDUFS3 NUO30.4 | AtMg00070 225001690652' YP 539028 a b, d,
NUO19.3/ XP_001700585, | Pp3cl5_14890,
NDUFS7/PSST |\ o At5g11770 U010 Po3c1s 20620 a, b, d
NUO21.3c/ | Atlgl6700, XP_001702368, | Pp3c9_8460,
NDUFS8/TYKY | (Ui At1g79010 NUOS Pp3c15_4330 3b,d
XP_001702590, | Pp3c4_17990,
NDUFV1 51/NUBM | At5g08530 e Po3c12 4050 a, b, d
NUO24/ XP_001698508, | Pp3c2_9810,
NDUFV2 NUH At4g02580 e b3 8813 a, b, d
Conserved supernumerary
NDUFA1/ NU09.8/ XP_001698399, | Pp3c10_5690,
1 — —
MWFE NIMM At308610 NUOA1 Pp3c10_5720 3,b,d




NUO10.5/

XP_001695875,

NDUFA2/B8 | oo At5g47890 \UoBs Pp3c20_8510 a, b, d
o | WoT [ o i [
NDUFAS/ B13 Eﬂg\zﬂg'g/ At5g52840 m—gsggg’%?" Pp3c5_12290 Z b, d,
NDUFS6/ 13 kD 58&154/ At3g03070 Ez_g§)§7o3419, Pp3c24_2620 a, b, d
NDUFA6/ B14 552&4'8/ At3g12260 Ez_gg;g%mz, Eggg:zgéo' a, b, d
T ey Y
U WOl [T (ST | v
corsors [ WO Ao o won [
NDUFB4/B15 EBS&W At2g31490 23—832693191' Eggggﬁég' a, b, d
DAP13/B17.2 | NUO13.4 | At3g03100 XP_001699522 | Pp3cl6_5910 a b, d
NDUFB7/B18 | NBSM At2g02050 23—83598082' Eggigiggg' a, b
NDUFA12/ NUO14/ | At1g04630, XP_001701450, | Pp3c5_4240, Ny
B16.6 NB6M At233220 NUOB16 Pp3cl6_2570 O
DAP13/B17.2 Egéﬁ'ﬁ A | At3g03100 23_8331699522, Pp3cl6_5910 a,b
NDUFB7/B18 | NBSM At2g02050 23—83598082' Eggigiggg' a, b, d
NOURSY/ MU/ |y | XPLOOIGOSEOL |t e
Pp3c24 19370
Pp3c3_33480,

UGN | gt | nloas | PO e
NDUFB9/B22 | NI2M At4g34700 21—833598797' Pp3c6_19130 a, b, d
ool | | Mg | sy
Rl R O
NDUFB8/ ASHI mﬁﬂzo'” At5g47570 ?EESSNOOZB' Pp3c20_8820 a, b, d
NDUFB2/AGGG | NCU01436 | At1g76200 - Egggfiiigo a, b, d
WOURST/ [ NUO0S] | e P00, |ty (a8
gf:ggz/ NUO10.4 | At4g20150 (NDU9) Ez—ggllw%m' Eggiigng a, b, d
NDUFC1/KFYl | NCUO8300 | At4g00585 XP_001697243 | Pp3c7_13700 a b, d
NDUFA3/Bg | NUO9S/ | aaagsa0 XP_001692978 | Pp3c23_12490 a, b, d

NISM




Pp3c13_14790,

NDUFAB1/ SDAP At1g65290, XP_001699275, | Pp3c20_7570, 2 b d
ACPM At2g44620 ACP1 Pp3c23_ 19250, T
Pp3c24 6630
NDUFA7 NCUO08930 At5g08060 XP_001703194 Pp3cl16_5680 a, b, d
Pp3c3_14700,
EA?-E(;A‘V NCU02016 At3g29970 - Pp3c4_ 20270, a, b
Pp3c26_5980
NDUFA10 - Atl1g72040 - Pp3c12_15090 a, b
Plant specific
At5g63510 (CAL1), | XP_001703237, | Pp3c4 16870,
At1g19580 (CA1), | XP_001701594, | Pp3c7 19540, o d
- - At3g48680 (CAL2), | XP_001696746 | Pp3c7 4200, a'h' '
At1g47260 (CA2), Pp3cll 22520, &
At5g66510 (CA3) (y-carbonic Pp3cl 7500,
anhydrase)
- - At2g28430 - Pp3c7_7440 a,b g
At5g14105 (P3), Pp3cl 22500,
Atlg67350  (P1),
At1g68680, Pp3cl_33450, a b, g
- - At2g27730  (P2) |~ Pp3c3_5450, h
(membrane  arm Pp3c1l_6600,
. Pp3cl4 2790,
subunits)
At3g07480 XP_001699817, | Pp3c2 31000,
B B (Ferredoxin) NUOP3, Pp3c9 680 a, b,d




Supplemental Table S2. Capacities of the cytochrome and the AOX pathways in WT and ndufb10 and ndufa5
plants. The cyt pathway capacity is defined as O, uptake in the presence of SHAM that was sensitive to KCN.
The AOX pathway capacity is defined as the O, uptake in the presence of KCN that was sensitive to SHAM.
Calculations were made from data in figure 4 and respiration activity in plants treated with SHAM only, also
reported here. Data are shown as average + SD (n > 4).

nmolO, /(mgcn*min) WT ndufb10 ndufas
Cyt capacity 529+8.1 522 +t84 544+7.4
AOX capacity 36.0+£9.7 73.4+£6.6 724174
+8 mM SHAM 74.3+7.6 73.1+£8.0 75.2+7.0




Supplemental Table S3: Primers employed in this work

Gene Primer Name Sequence Use

Ndufb10 Ndufb10-p1 GTTTAAACGGCCCTAATGACATAAGTCCC KO isolation
Ndufb10-p2 CTCGAGGTGGATGAATGATGCTGGTG KO isolation
Ndufb10-p3 ATCGATCAAGTCGAGAAGGCGAAGATC KO isolation
Ndufb10-p4 TTAATTAAGATGGCGTCGAGTTCCTTCATC KO isolation
Ndufb10-p5 GGATCCACAATCAGGAATTA KO screening
Ndufb10-p6 ACCAAAGCAGTCCTGAAC KO screening

Ndufb10-RTf GTTCAACAGCGACTACCCTA RT-PCR

Ndufb10-RTr GAAACCCTTGTTCTGAAATG RT-PCR
Ndufa5 Ndufa5-p1 CCTAGGCAATTCAGTATCCCTTACGC KO isolation
Ndufa5-p2 CTCGAGGGTCTGGTTTCCAACAATAA KO isolation
Ndufa5-p3 GTTAACGATGTTGACATGCACAGAAG KO isolation
Ndufa5-p4 TTAATTAAGACAACTAGGAACCATCCAA KO isolation
Ndufa5-p5 ATCAAACCCTGTACACCAAC KO screening
Ndufa5-p6 TGCAACTCATCTGTCCAATA KO screening

Ndufa5-RTf TGCTTCATCATGTTTTTGAG RT-PCR

Ndufa5-RTr AGAGCCAGATCAACAAGAAA RT-PCR
Hygromycin HNZ Up rev TGCGCAACTGTTGGGAAG KO screening
resistance cassette HN Down for CCGCTGAAATCACCAGTCTC KO screening

Actin Actin2f GCGAAGAGCGAGTATGACGAG KO screening, RT-
PCR
Actin2r AGCCACGAATCTAACTTGTGATG KO screening, RT-

PCR
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