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Figure S1: Venn diagrams showing overlaps between treatments of induced (A,B) or repressed (C,D) genes of two Brassica napus cultivars (Avatar, Zhongshuang 9) in hydroponics after 4 and 24 h of root hypoxia, compared with aerated controls. (A,C) Common response in Avatar; (B,D) Common response in Zhongshuang 9. R, root; L, leaf.


[image: ]Figure S2: Heatmap of hypoxia core-response genes (Mustroph et al. 2009) from the Brassica napus expression data. Values are signal-log ratios (SLR) of  root-zone hypoxia vs. aerated control. AV, Avatar; ZS, Zhongshuang 9. The color intensity reflects the SLR values (blue, -3; yellow, +3). Crossed cells represent values that are not significant (FDR > 0.01). All expressed B. napus transcripts for each Arabidopsis gene are shown.
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Figure S3: ADH activity [nmol * mg prot-1 * min-1] in roots of two Brassica napus cultivars (Avatar - blue, Zhongshuang 9 - red) in hydroponics after 4 and 24 hours of root hypoxia (Hyp), compared with aerated controls (C). At the time of the treatment start, plants were 15 days old. Values of 4 to 6 replicates are presented in box plots with medians and first and third quartile (http://shiny.chemgrid.org/boxplotr/). Single activity values are shown with circles. n.s., no significant differences were found between the two genotypes at any time point (ANOVA, P < 0.05).
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Figure S4: Comparison of the hypoxic response in this work with two other publications (Zou et al., 2013a; Zou et al., 2015). Venn diagrams show overlaps between treatments of induced (A,B) or repressed (C,D) genes after 4 h (A,C) and 24 h (B,D) of root hypoxia, compared with aerated controls. Data for 12 h of Zhongshuang 9 are from Zou et al. (2013a), data for 12 h of GH01 are from Zou et al. (2015). R, root.
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Figure S5: Comparison of the hypoxic response in this work (filtered genes set) with two other publications (Zou et al., 2013a; Zou et al., 2015). Venn diagrams show overlaps between treatments of induced (A,B) or repressed (C,D) genes after 4 h (A,C) and 24 h (B,D) of root hypoxia, compared with aerated controls. In contrast to Fig. S2, only transcripts with expression data for all three datasets were considered. Data for 12 h of Zhongshuang 9 are from Zou et al. (2013a), data for 12 h of GH01 are from Zou et al. (2015). R, root.
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Figure S6: Venn diagrams showing overlaps between treatments in this study and in our earlier study on full submergence (sub, Wittig et al., 2021, labelled with green color). Venn diagrams show overlaps between treatments of induced (A,B) or repressed (C,D) genes. (A,C) Common response in Avatar; (B,D) Common response in Zhongshuang 9. R, root; L, leaf.
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Figure S7: Venn diagrams showing overlaps of genotype-specific genes in a direct comparison between the two Brassica napus cultivars Avatar and Zhongshuang 9. Data from our earlier study on submergence were also included here (Wittig et al., 2021, labelled with green color). (A) Genes with higher expression level in Avatar compared with Zhongshuang 9 in root samples; (B) Genes with higher expression level in Zhongshuang 9 compared with Avatar in root samples; (C) Genes with higher expression level in Avatar compared with Zhongshuang 9 in leaf samples; (D) Genes with higher expression level in Zhongshuang 9 compared with Avatar in leaf samples. Numbers with red font in C and D mark numbers of genes of unstressed leaf samples and genotype-specific genes under stress treatment, respectively. C, control; Hyp, root hypoxia; SUB, full submergence.
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Figure S8: Ratio of Fresh weight (FW) to dry weight (DW) from experiments shown in (A) Fig. 4A and (B) Fig. 6A.
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Figure S9: Pictures of Brassica napus plants after 14 days of waterlogging treatment on soil, one treatment with deionized water (WL, left plant on each picture), and one with 0.1% starch solution (+ starch, right plant on each picture). At the end of the treatment, plants were 29 days old. (A) Avatar; (B) Zhongshuang 9. Three representative plants from each treatment and cultivar are shown. White badge is 6 cm long.
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Figure S10: Characterization of the two types of waterlogging treatment on soil, one with deionized water (WL), and one with 0.1% starch solution (+ starch). Treatment was done with Brassica napus plants for up to 14 days. At the start of treatment, plants were 15 days old. (A) Oxygen content in the solution. (B) Oxidation-reduction potential (ORP) in the solution. (C) pH value in the solution. (D) Conductivity in the solution. Data are means +/- SD of 3 treatments per type with 15 plants in each treatment. Stars indicate significant differences between water and starch solution at each time point (T-Test, * p < 0.05; ** p < 0.01). 
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BnaC05g35610DAT3G17860.1JAZ3jasmonate-zim-domain protein 3      

BnaA01g27170DAT3G17860.1JAZ3jasmonate-zim-domain protein 3      

BnaA05g22360DAT3G17860.1JAZ3jasmonate-zim-domain protein 3      

BnaAnng41010DAT3G17860.2JAZ3jasmonate-zim-domain protein 3      

BnaC01g34620DAT3G17860.2JAZ3jasmonate-zim-domain protein 3      

BnaA03g27980DAT3G02550.1LBD41LOB domain-containing protein 41      

BnaC03g33010DAT3G02550.1LBD41LOB domain-containing protein 41      

BnaA01g32900DAT3G02550.1LBD41LOB domain-containing protein 41      

BnaC09g03770DAT5G26200.1Mitochondrial substrate carrier family protein      

BnaA09g04350DAT5G26200.1Mitochondrial substrate carrier family protein      

BnaA06g28110DAT5G26200.1Mitochondrial substrate carrier family protein      

BnaC07g49540DAT5G26200.1Mitochondrial substrate carrier family protein      

BnaA05g09450DAT2G34390.1NIP2;1NOD26-like intrinsic protein 2;1      

BnaC04g10820DAT2G34390.1NIP2;1NOD26-like intrinsic protein 2;1      

BnaC04g10830DAT2G34390.1NIP2;1NOD26-like intrinsic protein 2;1      

BnaA05g09470DAT2G34390.1NIP2;1NOD26-like intrinsic protein 2;1      

BnaCnng41650DAT1G63090.1PP2-A11phloem protein 2-A11      

BnaA09g12930DAT1G63090.1PP2-A11phloem protein 2-A11      

BnaCnng14910DAT1G63090.1PP2-A11phloem protein 2-A11      

BnaA09g10770DAT1G63090.1PP2-A11phloem protein 2-A11      

BnaC04g21970DAT3G61060.1PP2-A13phloem protein 2-A13      

BnaA04g00910DAT3G61060.1PP2-A13phloem protein 2-A13      

BnaA07g18890DAT3G61060.2PP2-A13phloem protein 2-A13      

AT1G35140.1PHI-1Phosphate-responsive 1 family protein

BnaA08g19690DAT1G26270.1Phosphatidylinositol 3- and 4-kinase family protein      

BnaC05g20420DAT1G26270.1Phosphatidylinositol 3- and 4-kinase family protein      

BnaC03g56630DAT1G26270.1Phosphatidylinositol 3- and 4-kinase family protein      

BnaA09g28830DAT1G26270.1Phosphatidylinositol 3- and 4-kinase family protein      

BnaC01g05570DAT4G32840.1PFK6phosphofructokinase 6      

BnaA01g04110DAT4G32840.1PFK6phosphofructokinase 6      

AT1G43800.1FTM1Plant stearoyl-acyl-carrier-protein desaturase family protein

BnaA03g20420DAT2G43710.1SSI2Plant stearoyl-acyl-carrier-protein desaturase family protein      

BnaC03g24420DAT2G43710.1SSI2Plant stearoyl-acyl-carrier-protein desaturase family protein      

BnaC04g03030DAT2G43710.1SSI2Plant stearoyl-acyl-carrier-protein desaturase family protein      

BnaA05g03490DAT2G43710.1SSI2Plant stearoyl-acyl-carrier-protein desaturase family protein      

BnaAnng15210DAT2G43710.2SSI2Plant stearoyl-acyl-carrier-protein desaturase family protein      

BnaC01g15930DAT4G24110.1Protein kinase domain-containing protein      

BnaA08g10720DAT4G24110.1Protein kinase domain-containing protein      

BnaA10g09270DAT5G54960.1PDC2pyruvate decarboxylase-2      

BnaC09g31460DAT5G54960.1PDC2pyruvate decarboxylase-2      

BnaC07g26270DAT5G47910.1RBOHDrespiratory burst oxidase homologue D      

BnaA06g30520DAT5G47910.1RBOHDrespiratory burst oxidase homologue D      

BnaC02g38300DAT5G47910.1RBOHDrespiratory burst oxidase homologue D      

BnaAnng07990DAT5G47910.1RBOHDrespiratory burst oxidase homologue D      

BnaA06g25530DAT2G17850.1Rhodanese/Cell cycle control phosphatase superfamily protein      

BnaC03g48090DAT2G17850.1Rhodanese/Cell cycle control phosphatase superfamily protein      

BnaA02g22920DAT5G42200.1RING/U-box superfamily protein      

BnaC02g29860DAT5G42200.1RING/U-box superfamily protein      

BnaA03g30430DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaCnng58040DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaA03g30420DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaA03g30410DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaCnng58050DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaAnng16550DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaC05g42990DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaC05g34210DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaC03g22850DAT3G10040.1HRA1sequence-specific DNA binding transcription factor      

BnaCnng68360DAT3G23150.1ETR2Signal transduction histidine kinase, hybrid-type, ethylene sensor      

BnaA01g24090DAT3G23150.1ETR2Signal transduction histidine kinase, hybrid-type, ethylene sensor      

BnaAnng21860DAT5G62520.1SRO5similar to RCD one 5      

BnaAnng34290DAT5G62520.1SRO5similar to RCD one 5      

BnaA02g33450DAT5G62520.1SRO5similar to RCD one 5      

BnaA06g22030DAT5G62520.1SRO5similar to RCD one 5      

BnaC03g74760DAT5G62520.1SRO5similar to RCD one 5      

BnaC08g21790DAT5G62520.1SRO5similar to RCD one 5      

BnaC03g10290DAT5G20830.2SUS1sucrose synthase 1      

BnaA03g08110DAT5G20830.2SUS1sucrose synthase 1      

BnaC05g44340DAT5G20830.2SUS1sucrose synthase 1      

BnaA10g14710DAT5G20830.2SUS1sucrose synthase 1      

BnaC09g37040DAT5G20830.2SUS1sucrose synthase 1      

AT3G43190.2SUS4sucrose synthase 4

BnaA03g09920DAT5G58070.1TILtemperature-induced lipocalin      

BnaC09g33600DAT5G58070.1TILtemperature-induced lipocalin      

BnaA10g29280DAT5G58070.1TILtemperature-induced lipocalin      

BnaCnng03960DAT4G33070.1PDC1Thiamine pyrophosphate dependent pyruvate decarboxylase family protein      

BnaAnng13920DAT5G01320.1PDC3Thiamine pyrophosphate dependent pyruvate decarboxylase family protein      

BnaCnng52860DAT5G01320.1PDC3Thiamine pyrophosphate dependent pyruvate decarboxylase family protein      

AT1G72940.1Toll-Interleukin-Resistance (TIR) domain-containing protein

BnaC09g46650DAT5G10040.1transmembrane protein      

BnaA10g22140DAT5G10040.1transmembrane protein      

BnaA08g00260DAT1G55810.6UKL3uridine kinase-like 3      

BnaC03g70860DAT1G55810.6UKL3uridine kinase-like 3      

BnaC03g57130DAT4G10270.1Wound-responsive family protein      

BnaA06g17220DAT4G10270.1Wound-responsive family protein      

BnaA05g17890DAT4G10270.1Wound-responsive family protein      

BnaC03g66540DAT4G33560.1Wound-responsive family protein      

BnaA08g11560DAT4G33560.1Wound-responsive family protein      


image4.emf
AvatarZhongshuangn.s.ADH activity[nmol* mg prot-1* min-1]4 hAvatarZhongshuang24 h


image5.emf
Avatar up R4hZhongshuang9 up R4hZhongshuang9 up R12hGH01 up R12h2632363531297892300751205351503695248920Avatar up R24hZhongshuang9 up R24hZhongshuang9 up R12hGH01 up R12h140923432165416751122559737384731654232Avatar down R4hZhongshuang9 down R4hZhongshuang9 down R12hGH01 down R12h513622252715291318213693414571259352372738Avatar down R24hZhongshuang9 down R24hZhongshuang9 down R12hGH01 down R12h28228925316234134724517016532610511074369(A)(B)(C)(D)


image6.emf
Avatar up R4h (filt)Zhongshuang 9 up R4h (filt)Zhongshuang9 up R12hGH01 up R12h72363531297897723205351503695248920Avatar up R24h (filt)Zhongshuang 9 up R24h (filt)Zhongshuang9 up R12hGH01 up R12h4623432165416214859737384731654232Avatar down R4h (filt)Zhongshuang 9 down R4h (filt)Zhongshuang9 down R12hGH01 down R12h512225271529133293414571259352372738Avatar down R24h (filt)Zhongshuang 9 down R24h (filt)Zhongshuang9 down R12hGH01 down R12h35892531623415507016532610511074369(A)(B)(C)(D)


image7.emf
2364501746Avatar up sub24h77010411203Avatar up R24hAvatar up L24h673422074Zhongshuang9 up sub24h97323875Zhongshuang9 up R24hZhongshuang9 up L24h3056383252Avatar down sub24h111625617261Avatar down R24hAvatar down L24h3370913862Zhongshuang9 down sub24h167818946150Zhongshuang9 down R24hZhongshuang9 down L24h(A)(B)(C)(D)


image8.emf
Avatar vs Zhongshuang9 C4hAvatar vs Zhongshuang9 Hyp4hAvatar vs Zhongshuang9 C24hAvatar vs Zhongshuang9 Hyp24h2282953165849001914699042161262746262293115511301072102701999637872112473145646173275333Zhongshuang9 vs Avatar C4hZhongshuang9 vs Avatar Hyp4hZhongshuang9 vs Avatar C24hZhongshuang9 vs Avatar Hyp24hAvatar vs Zhongshuang9 C24hAvatar vs Zhongshuang9 Hyp24hAvatar vs Zhongshuang9 Csub24hAvatar vs Zhongshuang9 SUB24h2202399424955168166335808445194199206411853830087908239165631575515491592851842077169778199Zhongshuang9 vs Avatar C24hZhongshuang9 vs Avatar Hyp24hZhongshuang9 vs Avatar Csub24hZhongshuang9 vs Avatar SUB24h(A) Root(B) Root(C) Leaf(D) Leaf


image9.emf
02468101214161820CstarchWLCstarchWLAvatarZhongshuangFW/DW ratiobcdacdb0510152025CHypCHypAvatarZhongshuang 9FW/DW ratioaabab(A)(B)


image10.jpeg




image11.emf
0123456789051015O2[mg * l-1]stress treatment [days]WL + starch********************55.566.577.588.5051015pHstress treatment [days]**********-600-400-2000200400600051015ORP [mV]stress treatment [days]******************00.10.20.30.40.50.60.7051015conductivity [mS]stress treatment [days]**********(A)(B)(C)(D)


image1.emf
253810644Avatar up R4h1872299278Avatar up R24hAvatar up L24h620961209Zhongshuang9 up R4h18388890Zhongshuang9 up R24hZhongshuang9 up L24h3159471447Avatar down R4h29218416433Avatar down R24hAvatar down L24h3437262337Zhongshuang9 down R4h32034745292Zhongshuang9 down R24hZhongshuang9 down L24h(A)(B)(C)(D)


image2.emf
IDHitAccsymboldescription

logFC Root_H04h_AVlogFC Root_H24h_AV

logFC Leaf_H24h_AV

logFC Root_H04h_ZSlogFC Root_H24h_ZS

logFC Leaf_H24h_ZS

BnaA03g05200DAT5G15120.1PCO12-aminoethanethiol dioxygenase, putative (DUF1637)      

BnaC05g20060DAT5G15120.1PCO12-aminoethanethiol dioxygenase, putative (DUF1637)      

BnaC03g06750DAT5G15120.1PCO12-aminoethanethiol dioxygenase, putative (DUF1637)      

BnaA04g09690DAT5G39890.1PCO22-aminoethanethiol dioxygenase, putative (DUF1637)      

BnaCnng47880DAT5G39890.1PCO22-aminoethanethiol dioxygenase, putative (DUF1637)      

BnaCnng67880DAT2G19590.1ACO1ACC oxidase 1      

BnaCnng33000DAT2G19590.1ACO1ACC oxidase 1      

BnaA09g44060DAT2G19590.1ACO1ACC oxidase 1      

BnaC08g36640DAT2G19590.1ACO1ACC oxidase 1      

BnaA03g45530DAT4G22780.2ACR7ACT domain repeat 7      

BnaC07g37570DAT4G22780.2ACR7ACT domain repeat 7      

BnaC01g14240DAT4G22780.2ACR7ACT domain repeat 7      

BnaA08g23190DAT1G17290.1AlaAT1alanine aminotransferase      

BnaC08g17310DAT1G17290.1AlaAT1alanine aminotransferase      

BnaA06g11610DAT1G17290.1AlaAT1alanine aminotransferase      

BnaC05g13450DAT1G17290.1AlaAT1alanine aminotransferase      

BnaA09g45030DAT1G17290.1AlaAT1alanine aminotransferase      

BnaC08g37860DAT1G17290.1AlaAT1alanine aminotransferase      

BnaCnng13630DAT1G17290.1AlaAT1alanine aminotransferase      

BnaC06g37860DAT1G77120.1ADH1alcohol dehydrogenase 1      

BnaA07g33310DAT1G77120.1ADH1alcohol dehydrogenase 1      

BnaA06g07210DAT1G77120.1ADH1alcohol dehydrogenase 1      

BnaC08g12490DAT4G27450.1aluminum induced protein with YGL and LRDR motifs      

BnaC01g19640DAT4G27450.1aluminum induced protein with YGL and LRDR motifs      

BnaA01g16450DAT4G27450.1aluminum induced protein with YGL and LRDR motifs      

BnaA08g14100DAT4G27450.1aluminum induced protein with YGL and LRDR motifs      

BnaC07g49920DAT5G61440.1ACHT5atypical CYS HIS rich thioredoxin 5      

BnaC01g42880DAT5G61440.1ACHT5atypical CYS HIS rich thioredoxin 5      

BnaA03g40200DAT5G61440.1ACHT5atypical CYS HIS rich thioredoxin 5      

BnaC07g27960DAT5G61440.1ACHT5atypical CYS HIS rich thioredoxin 5      

BnaC07g27970DAT5G61440.2ACHT5atypical CYS HIS rich thioredoxin 5      

BnaC06g21690DAT1G76650.3CML38calmodulin-like 38      

BnaCnng76780DAT1G76650.3CML38calmodulin-like 38      

BnaA03g16730DAT1G76650.3CML38calmodulin-like 38      

BnaA07g21300DAT1G76650.3CML38calmodulin-like 38      

BnaA07g32970DAT1G76650.3CML38calmodulin-like 38      

BnaC06g37490DAT1G76650.3CML38calmodulin-like 38      

BnaC02g31560DAT5G45340.1CYP707A3cytochrome P450, family 707, subfamily A, polypeptide 3      

BnaA09g17560DAT5G45340.1CYP707A3cytochrome P450, family 707, subfamily A, polypeptide 3      

BnaC09g18860DAT5G45340.1CYP707A3cytochrome P450, family 707, subfamily A, polypeptide 3      

BnaCnng57040DAT5G45340.1CYP707A3cytochrome P450, family 707, subfamily A, polypeptide 3      

BnaC07g18360DAT5G45340.1CYP707A3cytochrome P450, family 707, subfamily A, polypeptide 3      

BnaAnng05520DAT5G45340.1CYP707A3cytochrome P450, family 707, subfamily A, polypeptide 3      

BnaC05g15160DAT1G19530.2DNA polymerase epsilon catalytic subunit A      

BnaA06g13740DAT1G19530.2DNA polymerase epsilon catalytic subunit A      

BnaA10g27290DAT5G02200.1FHLfar-red-elongated hypocotyl1-like protein      

BnaAnng07180DAT5G47060.2FLZ1FCS-Like Zinc finger 1 (DUF581)      

BnaC07g19900DAT5G47060.2FLZ1FCS-Like Zinc finger 1 (DUF581)      

BnaA06g35610DAT5G47060.2FLZ1FCS-Like Zinc finger 1 (DUF581)      

BnaC08g08950DAT5G47060.2FLZ1FCS-Like Zinc finger 1 (DUF581)      

BnaAnng41720DAT5G47060.2FLZ1FCS-Like Zinc finger 1 (DUF581)      

BnaA07g31870DAT1G74940.1FLZ13FCS-Like Zinc finger 13 (DUF581)      

BnaC06g35740DAT1G74940.1FLZ13FCS-Like Zinc finger 13 (DUF581)      

BnaA07g21970DAT1G74940.1FLZ13FCS-Like Zinc finger 13 (DUF581)      

BnaC06g22700DAT1G74940.1FLZ13FCS-Like Zinc finger 13 (DUF581)      

BnaC07g34510DAT4G17670.1FLZ2FCS-Like Zinc finger 2 (DUF581)      

BnaA01g08550DAT4G17670.1FLZ2FCS-Like Zinc finger 2 (DUF581)      

BnaA03g43210DAT4G17670.1FLZ2FCS-Like Zinc finger 2 (DUF581)      

BnaC01g10250DAT4G17670.1FLZ2FCS-Like Zinc finger 2 (DUF581)      

BnaA06g32310DAT3G27220.1Galactose oxidase/kelch repeat superfamily protein      

BnaC07g24090DAT3G27220.1Galactose oxidase/kelch repeat superfamily protein      

BnaAnng05260DAT5G44730.2Haloacid dehalogenase-like hydrolase (HAD) superfamily protein      

BnaCnng36750DAT5G44730.2Haloacid dehalogenase-like hydrolase (HAD) superfamily protein      

BnaA09g17290DAT5G44730.2Haloacid dehalogenase-like hydrolase (HAD) superfamily protein      

BnaC09g18280DAT5G44730.2Haloacid dehalogenase-like hydrolase (HAD) superfamily protein      

BnaA07g03790DAT2G16060.1HB1hemoglobin 1      

BnaA09g23980DAT1G33055.1hypothetical protein      

BnaC05g24990DAT1G33055.1hypothetical protein      

BnaA08g06690DAT1G33055.1hypothetical protein      

BnaC08g07280DAT1G33055.1hypothetical protein      

BnaA07g06820DAT3G23170.1hypothetical protein      

BnaC07g08430DAT3G23170.1hypothetical protein      

BnaC03g74490DAT3G23170.1hypothetical protein      

BnaCnng62910DAT4G39675.1hypothetical protein      

BnaA08g16350DAT4G39675.1hypothetical protein      

BnaC01g00560DAT4G39675.1hypothetical protein      

BnaA01g05680DAT4G39675.1hypothetical protein      

BnaA09g07630DAT5G66985.1hypothetical protein      

BnaC09g07570DAT5G66985.1hypothetical protein      

BnaC07g16390DAT5G66985.1hypothetical protein      

BnaA07g12210DAT5G66985.1hypothetical protein      

BnaA04g27050DAT2G47520.1ERF71, HRE2Integrase-type DNA-binding superfamily protein      

BnaC04g51210DAT2G47520.1ERF71, HRE2Integrase-type DNA-binding superfamily protein      
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