SUPPLEMENTAL DATA

Supplemental Figure S1: Expression analysis of additional genes with shoot-specific
response to hypoxia. Expression of selected hypoxia-responsive genes determined after
treatment of seedlings with hypoxia for 2 and 8 hours in either light or darkness. Roots (R) and
shoots (S) were harvested separately. One representative experiment out of three independent
replicates is shown. The photo shows the RT-PCR bands separated by agarose gel electrophoresis

and after staining with Serva DNA stain G.
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Supplemental Figure S2: The gene expression changes are not due to CO, deficiency.
Expression of selected hypoxia-responsive genes determined after treatment of seedlings with
hypoxia for 2 and 8 hours in light, supplemented with CO, through the N, gas flow (+CQO,) or not
(-COy). One representative experiment out of three independent replicates is shown. The photo
shows the RT-PCR bands separated by agarose gel electrophoresis and after staining with Serva
DNA stain G.
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Supplemental Figure S3: Lipid composition of membranes after submergence. Molecular
species composition [mol%] of different membrane lipids in leaves kept under submergence or
control conditions for 3 and 7 days. Data are means £ SD for five replicates. Asterisks mark
significant differences between control and submerged conditions for each lipid (P<0.05, Tukey
HSD test).
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Supplemental Figure S4: Overlap of gene expression with other stresses. Heat map of the 51
genes that are induced shoot-specific during two hours of hypoxia. Data are signal-log ratios of
different stresses or genotypes versus respective controls and were obtained through the
Genevestigator website (https://www.genevestigator.com/gv/plant.jsp, Hruz et al., 2008). Red
color represents a signal-log-ratio of >0, green represents a signal-log-ratio of <0.
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P deficiency study 4 (root) / mock treated Col-0 root samples 819 20014 <0.001
hypoxia study 2 (late) / untreated seedlings (1ate) 833 2054 <0.001
P deficiency study 4 (shoot) | mack treated Gok-0 shoot samples 508 B285  <0.001
hypoxia study 2 (late+recoveny) f untreated seedlings (late) 563 5081 <0001
P deficiency study 2 (leaf)/ Pi supplemented leaf samples 538 w6 <0001
hypoxia study 2 (early) / untreated seedlings (early) 508 3507 <0.001
P deficiency study 2 (roof) / Pi supplemented root samples 5.00 3190 <0.001
cold study 6 (G24) 20°C/18°C reated rosetie samples (C24) ags ERE Y )
OXGR:PHR1 / phri-1 478 2778 <0001
low light/ 4*C (220-280min) / low light / 21°C (220-280min) 470 2800 <0001
P deficiency (late) / high Pi freated whole plant samples (ate) 456 2268 <0001
low light/ 4*C (300-380min) / low light / 21°C (300-360min) 446 2188 <0001
cold study 6 (Coi) / 20°C/18°C treated rosette samples (Coi) 430 19.50 <0.001
cold study 6 (Col-0) / 20°CH 8°C treated rosette samples (Col-0) 41z 2285 0000
low light/ 4°C (140-200min) f low light / 21°C (140-200min) 307 1562 <0.001
untreated hypocotyl samples (35d) /unireated hypocotyl samples (7d) B 1832 <0001
cold study 6 (Nd) f 20°C/18°C treated rosette samples (Wd) 361 505 0027
lowlight/ 4°C (640 and 1280min) / low light / 21°C {40 and 1280min) 360 1304 0032
ahk2/ahk3/ahkd | Co-0 340 1o <000t
low light/ 4°C (60-120min) / low light/ 21°C (80-120min) 3.49 178 <0.001
cold study 2 (Iate) / untreated root samples (ate) 3.5 15.34 o002
cold (late) f unireated green tissus samples (late) 201 1000 <0001
cold study & (Ler) / 20°CH8°C treated rosette samples (Ler) 208 698 0005
cold / cordycepin (24h+1h) / cordycepin (1h) 208 788 <0001
cold study 6 (Rsch) / 20°CH18°C treated rosetts samples (Rsch) 295 1127 0048
cold study 7 (sf6) / untreated all aerial tissue samples (sf6) 285 714 oo
prié-1/Col-0 & 280 897 <0.001
cold study 7 (sf3)  unireated all aerial tissue samples (sf3) 278 848 0022
hy&-1/Ler-0 @ 271 60 0020
cold study 7 (Gol-0) / untreated all aerial tissue samples (Cok-0) 267 648 0018
stratification (12h) / desiccated seed samples 261 6oe <0001
estradiol study 4 (Estpro:FAMA) f mock treated Estpro:F AMA seedling samples (48h) 240 560 <m0t
gapcpigapep2 / Cokd @ 246 550 <000t
sdg2-1/Col-0 246 550 <0.001
fis2-17 [ Ler-0 & 2.43 540 <0.001
osmoic study 2 (1ate) / unireated root samples (late) 2.2 554 <0.001
ARR220x/ Gol-0 @ 232 500 <0g0t
cold study 14 (24h) f untreated cell samples 228 478 <0001
immutans / Gok1 225 473 <0001
pri6-1/Col-0 & 217 450 ooot
cold study 6 (Cvi) / 20°CM8°C treated rosette samples (Cvi) 211 568 0.044
hypoxia study 11 (ate1-2 ate2-1) i mock treated seedling samples (atel-2 ate2-1) 202 408 <0.001
hypoxia study 11 (Cok-0) / mock treated seedling samples (Cok-0) 197 a2 ooo2
dark / 4°C (300-360min) / dark 21°C (300-3860min) 195 ase  <0.001
0Gs (3h) /H20 treated Col-0 seedlings (3h) 183 407 005
ate1-2ate2-1/Co-0 @ 181 a7zs ooz
high light/ 21*C (220-280min) / moderate light / 21°C (220-280min) 120 38 o002
pvipl:pvip2/ Col-0 188 378 0.005
long day (cs26) [ short day study 2 (cs26) 187 368 <0.001
ate1-2ate2-1/Col-0 @ 188 382 <0001
526/ Gol-0 @ 182 ase  <0.001
355:ABF3-48/ contral-48 € 181 aze 00w
circadian clock study 3 (Ihy-21ccat-11) f circadian clock study 4 (hy-21ccat-11) 181 a4 001
circadian / ethanol f MG132 (Ale:TOC1) / circadian | MG132 (Alc:TOCT) 178 a7 ootz
hypoxia study 7 (355:HRE2) / 355:HRE2 seedlings grown under aerobic conditions 176 351 0047
cryl | Col-0 @ 173 344 <0.001
elf3-7/ Col-0 € 172 348 0012
dark / 4°C (220-280min) / dark/ 21°C (220-280min) 171 228 <.001
(NH4)2504 study 2 (8h) / KNO3 study 5 (8h) 170 azs <001
del1-15 /DCLY sib 187 ate <001
Alc:TOCH § Col-0 € 165 3z4 ooz
high light/ 21°C (140-200min)  moderate light/ 21°C (140-200min) 182 305 0003
(NH4)2504 study 2 (8h) / N depletion study 2 181 308 o002
roa-deftal?/emply cassette @ 180 318 o028
salt study 5 (wer-1 myb23-1)/ mock treated primary root tip samples (wer-1 myb23-1) 157 297 0038
callus formation study 3 (35d + 1d) / callus formation study 3 (7d + 1d) 158 a2 oo0os
drought study 5 (Col-0) J untreated all aerial fissue samples (Cok-0) 156 282 0008
dark / 4°C (60-120min) J dark § 21°C (60-120min) 154 281 21
zeatin study 2 (arrt 0-5:ar112-1) | solvent treated aerial parts (arrt 0-5:arr1 2-1) 152 a8 oo
high light/ 21°C (300-360min) / moderate light/ 21°C (300-360min) 148 285 o008
S.plym. HRO-C48 volatiles (24h) f mock treated seedling samples (24h) 146 270 0.009
cold study 6 (Gan) / 20°C/18°C reated rosetie samples (Can) 145 275 ooz
cold study 8 (Col-0) / untreated all aerial tissue samples (Cok-0) 144 270 001
drought study 9 (355:ABF3-48) / untreated 355:ABF 3-48 seedling samples (24h) 142 270 0008
salt study 2 (late) / untreated root samples (1ate) 140 aps ooz
psadi-1istn7-1/Cok0 130 243 ooz
hypoxia study 11 (prié-1) I mock treated seedling samples (prtg-1) 134 253 o003
antimycin A (AOX1a:.LUC)/ mock treated shoot samples (ACX1a:LUC) 133 240 0013
cold / cordycepin (24h+3h) / cordycepin (3h) 132 240 <g01
cold study 9 (7d) / untreated seedling samples (plate) 131 244 o037
GA3 study 2 (ga-1) s mock treated seedlings (ga-1) 128 255 002
1706-55-16/HGI2.1 /1 Cvi 128 244 o002
circadian / ethanol f MG132 (Cok0) / circadian / MG132 (€ol-0) 127 243 003t
salt study 5 (cpc-1 try-82)  mock treated primary root tip samples (cpe-1 iry-82) 1.19 230 ootz
hfr1/ Col-0 118 225 <0.001
imhibition at 4"C (355-GSH1) / imbibition at 22°C (355-GSH1) 118 220 ooz
imhibition at 4"C (Gol-0) /imbibition at 22°C (Gok-0) 114 223 o038
AlezTOCH § Col-0 € 113 212 oo
1hd38 / 1bd37-1 113 218 <00t
salt study 5 (scm-2) / mock freated primary root fip samples (scm-2) 112 218 oo
spht/Col-0 & 111 213 0016
ABA study & (srk2cf) f untreated plant samples (srk2cf) 1.10 214 <0.001
1bd38/ Col-0 100 213 <0.001
shift dark 1o light study 2 (tot. RNA) / dark study 6 (tot. RNA) 108 220 oo
light study 5 (c1i186) / dark grown cli186 seedlings 108 210 o024
P deficiency study 3 (pert) / unireated root samples (pert) 108 208 o007
19512/ Col-0 & 106 200 ooot
zeatin study 2 (Col-0) / solvent treated aerial parts (Cal-0) 1.06 203 o020
LeB4:AtHbT / Col-0 108 207 <0.001
ias2/Ler0 104 208 o003
dark/ 4°C (140-200min) / dark/ 21°C (140-200min) 102 202 o002
pifa-101 pifs-3 / pifs-3 & LX) 208 0035



Supplemental Figure S5: Expression analysis of additional low-Pi-responsive genes under
hypoxia and phosphate deficiency. Expression of selected hypoxia-responsive genes
determined after treatment of seedlings with hypoxia (H) for four hours or with phosphate
deficiency (- Pi) for 48 hours in light. One out of two independent experiments with two
individual samples is shown. The photo shows the RT-PCR bands separated by agarose gel

electrophoresis and after staining with Serva DNA stain G.
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Supplemental Figure S6: Gene expression in different signaling mutants. Heat map of 51
genes that are induced shoot-specific during two hours of hypoxia. Data are signal-log ratios of a
comparison of stress treatment versus control or genotype versus wildtype. Hypoxia and
phosphate deficiency data are from Mustroph et al. (2009) and Bustos et al. (2010), respectively.
Mutant data were from the following sources: prt6, atel/2, Gibbs et al. (2011); Rap2.12 OE,
Licausi et al. (2011); phrl, phll, Bustos et al. (2010). Yellow color represents a signal-log-ratio

of >0, blue represents a signal-log-ratio of <0. The list of genes is presented in Supplemental
Table S1.
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Supplemental Figure S7: Photoreceptors are not important for hypoxic gene induction
under illumination. Expression of selected genes determined after treatment of wildtype and
photoreceptor mutant (cryl/2, photl/2, phyA/B) seedlings with hypoxia for four hours in light.
The experiment was performed two times and one representative experiment with two samples is
shown. The photo shows the RT-PCR bands separated by agarose gel electrophoresis and after
staining with Serva DNA stain G.
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Supplemental Figure S8: The effect of norflurazon-mediated inhibition of photosynthesis on
the phosphate deficiency response. Expression of selected genes determined after treatment of
wildtype phll and phriB seedlings with phosphate deficiency for 48 hours in light. Before stress
treatment, plants were placed on norflurazon- (NF) containing medium or control medium for
two days to inhibit carotenoid biosynthesis. One experiment out of two independent replications
is shown. The photo shows the RT-PCR bands separated by agarose gel electrophoresis and after

staining with Serva DNA stain G.
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Supplemental Figure S9: Metabolite levels under hypoxia and phosphate deficiency. Levels
of adenylates, sugars, starch and selected phosphorylated metabolites in seedlings after treatment
with control (C) or hypoxia (H) for two hours or with phosphate deficiency (- Pi) for 48 hours in
light or darkness. For hypoxia, roots (R) and shoots (S) were harvested separately, for phosphate
deficiency whole seedlings were harvested. Data are mean values +/- SD of 5 to 7 replicates.
Values with different letters represent significant differences between four treatment conditions

for each tissue type (P<0.05, Tukey HSD test). n.s., no significant changes.
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Supplemental Table S1: Expression data for the 51 genes of the heatmaps in Fig. 1 and 3.
Signal-log-ratios of stress treatment versus control or mutant versus wildtype are shown. Genes
were selected based on the criteria described in the Result section. Numbers represent the
position in the heatmaps. The sources of the data are as follows: Misson et al. (2005), Mustroph
et al. (2009), Bustos et al. (2010), Gibbs et al. (2011), Licausi et al. (2011), Woo et al. (2012).

Supplemental Table S2: Selection of oxygen- or phosphate-deficiency response genes
presented in Fig. 3C. Signal-log-ratios of stress treatment versus control and adjusted P-values
are shown. Genes were selected based on the following criteria: SLR>1, P,;<0.01. The sources
of the data are Mustroph et al. (2009) and Bustos et al. (2010).

Supplemental Table S3: Modification of photosynthesis pigments under submergence.
Pigment composition [umol or nmol/ g FW] in leaves kept under submergence or control
conditions for 1, 3 and 7 days, and of seedlings treated with hypoxia for 2-8 or 24 hours. The 8-h-
value represents a value that was harvested one hour after the end of the day. Data are means +
SD for four biological replicates. Different letters show significant differences between control

and submerged conditions for each pigment (P<0.05, Tukey HSD test).

Supplemental Table S4: Primers and Arabidopsis accession numbers used in this study.
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