TP ™1 TM2 (Walker A B motify HEXXH  (Zinc-binding site)

FisH12 1] T=—{} AAA ATPase Peptidase M4l 1008
TP T™I1 TM2 TM3 (Walker A B motif)  XEXXX (Zinc-binding site)
FesHil 1 AAA ATPase| | S Peptidase M4l 946
) TP TMI1 ™2 (WalkcrA B motif) XEXXX (Z{nc.bind{ng site)
Fsti2 1 T [ ] AAA ATPase Peptidasemd1 876

TP TM1 TM2 ‘——(Zinc-binding site) (Walker A B motif)

FisHi3 1 D——*:H:I—‘ Peptidase M41 FtsH extracellular m 622

TP T™MI (Walker A B motif) XEXXX  (Zinc-binding site)
FtsHi4 1 [] il AAA ATPase | | S Peptidase Md1 855

TP T™MI T™M2 TM3 (Walker A B motif)y | XEXXX  (Zinc-binding site)
FtsHi5 1| AAA ATPase Peptidase M41 1320

Supplementary Figure 1. Predicted domains and motifs in AtFtsHi’s in comparison to the
presumably active AtFtsH12. TP, transit peptide; transmembrane domains, TM1-3; Walker A B
motifs are indicated as two white lines between the AAA ATPase and SRH; SRH, Second region
of homology. Active FtsH proteases contain the Zn?*-binding motif (HEXXH) in their peptidase
M41 domain, which is substituted or absent in presumably inactive FtsHi’s (substitution of both
histidines indicated as XEXXX). In FtsHi3 the peptidase M41 domain is annotated as “FtsH is

extracellular” and located N-terminal to the ATPase, its HEXXH motif is completely missing.
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Supplementary Figure 2. Schematic diagram of the five FTSHi genes, indicating the site of
mutation (ftshil-1) or the location of the T-DNA insertion. Highlighted in black are the UTR’s.
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Supplementary Figure 3. Phenotypes of homozygous ftshil-1, ftshi3-2, and ftshi4-2 mutants,

which had been exposed to stress conditions from the age of 2 weeks. (A) Exposure to short day
(SD) and cold temperature (4 °C); (B) long day (LD) and high temperature (30 °C); (C) SD and
highlight (700 pmol photons m s1); (D) continuous light (150 pumol photons m2 s™). (E) Rosette
diameter measurements were performed from week 2 to 6 on short day control (right panel), short
day low temperature (middle panel) and short day highlight (left panel), long day control (left
panel), continuous light (middle panel) and long day 30 °C (right panel).
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Supplementary Figure 4: Light (A) and temperature (B) conditions in the field 63°49'07.2"N

20°18'45.0"E in summer 2017. Weather data are available at http://www8.tfe.umu.se/weather-
new/hamta vaderdata.html.
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Supplementary Table 1: Collection of the FTSHi mutant lines and their corresponding NASC
ID’s, t-DNA insertion type and location

NASCID sAerI];::tz:ggc Gene name t-DNA insertion Location
N1298 Ler

CS16208 Col-0

N907 Col-2

N908 Col-3

N262 EMS ftshi 1-1 AT4G23940  Missense mutation Exon
N679694 KAN ftshi2/FTSHi2-1 AT3G16290  SALK _054712C Exon
CS853725 BAR ftshi2/FTSHi2-2 AT3G16290  WISCDSLOX383F4 Exon
CS16208 BAR ftshi2/FTSHi2-3 AT3G16290  emb2083-3 Exon
CS16209 BAR ftshi2/FTSHi2-4 AT3G16290  emb2083-4 Exon
CS16167 BAR ftshi2/FTSHi2-5 AT3G16290 emb2083-2 Exon
N843617 BAR ftshi2/FTSHi2-6 AT3G16291 SAIL_1178 All 1000-Promotor
N469342  SUL ftshi3-2 AT3G02450 GK-723C06_025364 Exon
N436594 SUL ftshi4/FTSHi4-1 AT5G64580  GK-382B06 Intron
N675639 KAN ftshi4-2 AT5G64580  SALK _067969.20.10.x 300-UTR5
N613657 KAN ftshi4/FTSHi4-3 AT5G64580 SALK_ 113657 Intron
CS16181 BAR ftshi5/FTSHi5-1 AT3G04340 GK-058A04 Exon
N405476 SUL ftshi5/FTSHi5-2 AT3G04340  emb2458 Exon




Supplementary Table 2: Primers used for genotyping and q-PCR.

Number Mutant Primer name Primer sequence Purpose
1 LbB1.3 ATTTTGCCGATTTCGGAAC T-DNA primer
2 P745 AACGTCCGCAATGTGTTATTAAGTTGTC T-DNA primer
3 LB3 TAGCATCTGAATTTCATAACCAATCTCGATACAC |T-DNA primer
4 08409 ATATTGACCATCATACTCATTGC T-DNA primer
5 08474 ATAATAACGCTGCGGACATCTACATTTT T-DNA primer
6 Arcl-seqF AGTTGGGTCAGCTCGTATCAG Sequencing
7 arc-1F TGGAGTTGGGTCAGCTCGTA Forward primer, PCR
8 ftshil-1 arc-1R TGGCTTGCGATTGTCGTTTG Reverse primer, PCR
9 i2_1F GATATTGATGTGGAGGCATTG Forward primer, PCR
10 ftshi 2-1 i2 1R ATTAAGCCATTAAGGTGGCCA Reverse primer, PCR
11 i2-2F AAGCTGCAATGGCTGTTGT Forward primer, PCR
12 ftshi 2-2 i2-2R AAATTAAAATAATCCACATGCTCCA Reverse primer, PCR
13 i2-3F ATGCAGAGGGAAACGACAAGCCAT Forward primer, PCR
14 ftshi 2-3 i2-3R TGGAATCTTGACCCCTCTC Reverse primer, PCR
15 i2-4F CTACTTCAATTGAATCACATCATG Forward primer, PCR
16 ftshi 2-4 i2-4R GCCATATCTCGATAATTTTTCCT Reverse primer, PCR
17 i2-5F TCTTCTCTATCTCTGCTTCTC Forward primer, PCR
18 ftshi 2-5 i2-5R CTGCTCCAACCATGCCATCTG Reverse primer, PCR
19 i2_SAIL_F AGAGATGTACCGCAGGAGAGG Forward primer, PCR
20 ftshi 2-6 i2 SAIL R CCACCTCTGTTCTTCCATCAC Reverse primer, PCR
21 ftshi 3-2 i3-2F TAGTTGCAGGAGACTTGGTGG Forward primer, PCR
22 i3-2R GGAAGGTGAGITTTTCCTTGC Reverse primer, PCR
23 ftshi 4-1 i4 GK F CATTTCTAAACATACCGACTCTTG Forward primer, PCR
24 i4 GK_R CTTAAACCCTTCTAATACCCTCTT Reverse primer, PCR
25 ftshi 4-2 | i4-salk067969 2F [CGATCAAAGTCCGAAACTGAG Forward primer, PCR
26 i4-salk067969 2R |[CTCTGCCTAAGATCGCATTTG Reverse primer, PCR
27 ftshi 4-3 | i4-salk113657_3F [CATTCCCGTCTGAAGAATCAG Forward primer, PCR
28 i4-salk113657 3R [GAGCAGAACTGCAAAACGTTC Reverse primer, PCR
29 i5-1F GCCACAACCTCGTTGATTTCTTCT Forward primer, PCR
30 ftshi5-1 i5-1R GCCAGGATTAGGCATGATTATGC Reverse primer, PCR
31 i5-2F ATGCTAGAGATCAAGAGTCAACTA Forward primer, PCR
32 ftshi5-2 i5-2R ATAGCATACATTCGTCCATACTAC Reverse primer, PCR
33 qi-1-F ATTCCTCGTGGTCAGACAC Forward primer, q-PCR|
34 ftshil gi-1-R CTCCGAGCAAGACCTGAAG Reverse primer, g-PCR
35 qi-2-F GCAGGTTCATGCTCGTAAGA Forward primer, q-PCR|
36 ftshi 2 qi-2-R GCTCCAACCATGCCATCTG Reverse primer, g-PCR
37 qi-3-F CCAGACGTTAAACCAGTTGC Forward primer, q-PCR|
38 ftshi3 qi-3-R CTTCTGGTCGGTTAGTTGC Reverse primer, g-PCR
39 qi-4-F GCATGTGCTCCTAGAGTAGT Forward primer, g-PCR
40 ftshi4 qi-4-R CCGCTCGCTGTGAAGCT Reverse primer, g-PCR
41 qi-5-F GATTGGCGTAAGGTTTCAGAG Forward primer, q-PCR|
42 ftshi5 gi-5-R ATGGCTAAACGTCGCAAACC Reverse primer, g-PCR
43 ACT2-F CTTGCACCAAGCAGCATGAA Forward primer, g-PCR|
44 ACT ACT2-R CCGATCCAGACACTGTACTTCCTT Reverse primer, g-PCR
45 UBQ5-F ACGCTTCATCTCGTC Forward primer, q-PCR
46 UBQ5 UBQ5-R CCACAGGTTGCGTTA Reverse primer, q-PCR




Supplementary Table 3: Blastp with Full Length FtsHil (022993)

. . . top hit No. of
[+)
Top Score bits e cover | identity (%) inactive? inactive
A. thaliana (TAIR10) 1612.8 4178 0 945 100 Y 5
Chl d.
amydomonas 259.6 662 | 520674 | 532 38 N 3
rheinhardtii
Dunaliella salina 256.1 653 6.30E-73 526 36.9 N 2
Physcomitrella patens 742.7 1916 0 878 51.5 Y 4
Selaginella moellendorffii 659.4 1700 0 881 48.1 Y 3
Spirodela polyrhiza 1089.3 2816 0 860 72.4 Y 6
Oryza sativa 263.1 671 3.90E-75 495 39 N 1%*
Setaria italica 259.2 661 7.10E-74 493 38.5 N 1
Zea mays PH207 255 650 3.10E-72 493 37.1 N 1
Aquilegia coerulea 1080.5 2793 0 892 70 Y 7
Populus trichocarpa 1191.4 3081 0 944 74.8 Y 4
Solanum lycopersicum 1154.8 2986 0 857 77.5 Y 5
Glycine max 1154.8 2986 0 924 73.5 Y 16
Synechocystis sp. 337 864 | 1.00E-104 | 533 39 N 0
PCC6803 '
Prochlorococcus marinus 340 872 > 00E-104 596 39 N 1
5$5120 '
Anabaena cylindrica 340 873 3.00E-104 | 545 38 N 0
Picea abies 417.5 1072 1.20E-135 391 51 Y* 1
*
Does not *Malnod
cover
Protease etal,
. 2014
domain
**Garcia
et al,,

2008




Supplementary Table 4. Genes co-expressed with FTSHi, and their corresponding proteins and
localizations predicted by TargetP and WoLLF PSORT as identified in ATTED-II

Protein name Gene name target_TargetP target_ WoLF Reference

FTSHI5 At3g04340 Chloroplast chloroplast Ferroetal., 2010

FTSHI3 At3g02450 Chloroplast plasma membrane  Ferro et al., 2010

TAC12 At2934640 Chloroplast nuclear Chenetal., 2010

FTSHI1 At4g23940 Chloroplast chloroplast Kadirjan-Kalbach et al., 2012
FTSHI4 At5g64580 Chloroplast chloroplast Luetal., 2014

EMB1270 At3g18110 Chloroplast chloroplast Cushing et al., 2005
OVA2 At5g49030 Chloroplast chloroplast Berg et al., 2005

FTSHI2 At3g16290 Chloroplast chloroplast Luetal., 2014

OTP51 At2g15820 Chloroplast chloroplast De Longevialle et al., 2008
SRF1 At2g20850 Secretory pathway  vacuole Tanaka et al., 2009

GLR5 At2g32400 Secretory pathway ~ plasma membrane  Michard et al., 2011
METHYLASE  At5g10910 Chloroplast chloroplast Dal Bosco et al., 2004
FTSH12 At1g79560 Chloroplast chloroplast Schreier et al., 2018
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Supplementary Table 5: Genotypes of the F7TSHi mutants, reduction of their gene expression
compared to WT (given in %) and their phenotype at 8 days seedling stage.

Phenotype
. Gene expression
Line Genotype reduced by %

Seedlings on plate
fishi 1-] HM 88+ 1.1 Pale
fishi2/FTSHi2-5 HT 6215 No change
fishi2/FTSHi2-6 HT 3508 No change
fishi 3-2 HM 90+0.2 Pale

fishi4/FTSHi4-1 HT 31 Pale
fishi 4-2 HM 61 +4.8 No change

fishis/FTSHi5-1 HT 63 2.7 No change

fishi/FTSHi5-2 HT 36+0.2 No change




Supplementary Table 6. Chlorophyll fluorescence parameters for 2-week-old homozygous
FTSHi mutants exposed to stress conditions. Measurements were performed at room temperature
during steady-state conditions on homozygote FTSHi mutants exposed to stress conditions.
Measurements were performed at t0 and 3 d, 6 weeks (and 16 weeks in cold stress). High light
(HL) 700 umol photons m~2 s; continuous light (CL): 150 umol photons m2 s, Asterisks
indicate P<0.05 according to ANOVA and a least-significant difference (LSD) post hoc test.

SD/4°C 0 Hr 3 Day 6 Weeks 16 Weeks
Genotype FV/IFM NPQ |FV/IFM NPQ |FV/IFM NPQ |FV/IFM NPQ
1.23
0.8+ 16+ |061+ 082 +|073 £ 097+ |074 + +
Ler 0.002 012 (0.0 0.07 0.00 0.07 ]0.00 0.09
1.3* 1.15
0.8+ + 063+ 084 +£(064+ 107+x|071 %+ <
ftshi 1-1 0.003 0.07 |[0.00 0.10 0.01 0.07 ]0.01 0.04
0.79
08+ 11+ (061+ 088 +|073+ 1.01+(078 + =
Col-0 0.003 0.06 |0.01 0.04 0.00 0.11 |(0.00 0.05
1.08 *
0.8+ 1.0+ |0.60+ 0.71*+ |0.73 £ 121+|071 + +
ftshi 3-2 0.003 010 [0.02 0.05 0.00 0.10 |0.00 0.08
0.6*
0.8+ 12 £ (058 + 078 £|0.75 + 1.38* [0.75 + =
ftshi 4-2 0.005 0.07 ]0.01 0.07 0.00 +0.05 | 0.00 0.08
LD/30 °C 0 Hr 3 Day 6 Weeks 16 Weeks
Genotype FVIFM NPQ |FV/IFM NPQ |FV/IFM NPQ | FV/IFM NPQ
0.8+ 16+ |070+ 115+ |0.70 £+ 1.18%
Ler 0.002 012 |[0.01 0.05 0.01 0.05 n.d.
0.8+ 13+ (063+ 1.01 +[070 £+ 1.23%
ftshi 1-1 0.003 0.07 |0.01 0.06 0.01 0.06 n.d.
0.8+ 11+ (071+ 129 £ (070 £+ 1.19%
Col-0 0.003 0.06 |0.00 0.09 0.01 0.05 n.d.
0.8+ 1.0+ |0.68+ 098* |067 £+ 145+
ftshi 3-2 0.003 0.10 [0.00 +0.04 |0.01 0.11 n.d.
0.8+ 12 + 1069 + 102 +£|071+ 0.98*
ftshi 4-2 0.005 0.07 [0.00 0.08 0.00 +0.08 n.d.
CL 0 Hr 3 Day 6 Weeks 16 Weeks
Genotype FVIFM NPQ | FV/IFM NPQ FVIEFM NPQ | FV/IFM NPQ




0.8+ 16+ |0.68+ 103 £|0.69 £+ 1.16%

Ler 0.002 012 [0.02 0.07 0.01 0.06 n.d.
0.8+ 1.3+ |0.66+ 106 +£|064 £ 054+

ftshi 1-1 0.003 0.07 [0.02 0.07 0.01 0.12 n.d.
0.8+ 11+ (066+ 1.03 +£[0.77 £ 0.60%

Col-0 0.003 0.06 |[0.01 0.04 0.01 0.05 n.d.
0.8+ 10+ (069 0.78* [0.73 £+ 0.89

ftshi 3-2 0.003 0.10 |[0.00 +0.04 |0.01 0.06 n.d.

0.98

0.8+ 12 + 1068 + 104 £|0.75 £+ *+

ftshi 4-2 0.005 0.07 [0.00 0.05 0.00 0.08 n.d.

SD/HL 0 Hr 3 Day 6 Weeks 16 Weeks

Genotype FV/IFM NPQ |FV/IFM NPQ |FV/IFM NPQ |FV/IFM NPQ
0.8+ 16+ |0.70+ 124 £|0.73 £+ 0.91+

Ler 0.002 0.12 |[0.00 0.09 0.01 0.05 n.d.
0.8+ 1.3+ 1062+ 100 £|073 £ 087+

ftshi 1-1 0.003 0.07 |[0.01 0.05 0.01 0.03 n.d.
0.8+ 11+ (070+ 127 £(074 £+ 059+

Col-0 0.003 0.06 |[0.01 0.11 0.01 0.04 n.d.
0.8+ 10+ (065+ 117 £ (071 + 0.64

ftshi 3-2 0.003 0.10 |[0.00 0.06 0.01 0.06 n.d.
0.8+ 12 + 1068 + 128 +£|0.73 £+ 0.66*

ftshi 4-2 0.005 0.07 [0.00 0.08 0.01 + 0.07 n.d.




Supplementary Table 7: Chlorophyll contents and chlorophyll a/b ratios of 2 weeks old
seedlings. Values are given in pg chlorophyll per mg fresh weight. Asterisk indicates a p value of
less than 0.05. ANOVA and a least significant difference (LSD) post hoc test and student’s #-test
were performed to determine the statistical significance.

Genotype Chl a+b (ng/mg FW) Chl a/b
Ler 0.85+0.11 3.04 £0.02
ftshi 1-1 0.75 £ 0.05* 3.34 £ 0.06*
Col-3 0.82+0.1 3.49 +£0.05
ftshi2/FTSHi2-6 0.7 £0.05 3.42+0.04
Col-0 0.94 +0.03 3.04 £0.02
ftshi2/FTSHi2-5 0.71 £ 0.09* 3.46 £ 0.05*
ftshi 3-2 0.64 £0.03* 3.03+0.08

ftshi4/FTSHi4-1 0.69 +0.16* 3+0.07
ftshi 4-2 0.83 £ 0.06* 3.01 £0.06
ftshi5/FTSHi5-1 0.74 + 0.03* 3.46 £ 0.04*
ftshi5/FTSHi5-2 0.68 £0.08* 3.27+0.33




Supplementary Table 8. Chlorophyll fluorescence parameters for 45-d-old field-grown plants.
Comparison of chlorophyll fluorescence parameters measured during steady-state conditions of
field-grown plants. The asterisk indicates a P<0.05 according to ANOVA and a least-significant
difference (LSD) post hoc test.

Genotype FV/FM NPQ

Ler 0.79 = 0.01 1.4+0.1
ftshil-1 0.78 £0.00 0.9*% £ 0.1
Col-3 0.78 £ 0.00 1.3+0.1
ftshi2/FTSHi2-6 0.79 £ 0.00 1.4+£0.1
Col-0 0.78 £0.00 1.3+0.0
ftshi2/FTSHi2-5 0.79 = 0.00 1.3+£0.07
ftshi 3-2 0.79 £ 0.02 1.2+0.1
ftshi4/FTSHi4-1 0.78 £ 0.01 1.3 +0.08
ftshi 4-2 0.79 = 0.07 1.4 £0.08
ftshi5/FTSHi5-1 0.79 £ 0.01 1.2+0.2

ftshi5/FTSHi5-2 0.81 = 0.05 1.2 +£0.12






