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Supplementary Information 

 

 

 

Supplementary Figure 1. Identification and characterization of gap mutants. 

Controls of endogenous NO detection in seeds by using DAF-2DA. 

a, Post-germinative growth of wild-type (Col-0), abi5-1 and abi5-7 seedlings in media 

containing 0 and 100 µM cPTIO after 6 days. Scale bars 1 mm. 

b, Chromosomal position of the two identified loci (abi5, gap1). cM, centimorgan. 

c, Autofluorescence of the testa tissues in untreated control seeds. Scale bar 100 

µm. 

d, Fluorescence of seeds treated with the NO scavenger cPTIO (1 mM) that were 

stratified during 3 days at 4ºC and germinated for 2 days at 21ºC on agar plates and 

then subjected to DAF-2DA incubation. Scale bar 100 µm. 

e, NO production detected by DAF-2DA as in Figure 1c. For detection of endogenous 

NO production seeds were stratified for 3 days at 4ºC and grown for 1 to 3 days at 

21ºC on agar plates and then subjected to DAF-2DA incubation. Scale bar 100 µm. 
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Supplementary Figure 2. Tissue specific reduction of ABI5-GUS protein. 

a, Construct used to generate the pABI5:ABI5-GUS transgenic lines. 

b, Representative GUS staining images of pABI5:ABI5-GUS 1 to 2-day-old seeds 

germinated on MS plates. Scale bars 100 µm. 

c, Representative GUS staining images of pABI5:ABI5-GUS 15-minutes imbibed 

testas after embryo removal. Scale bars 100 µm. 
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Supplementary Figure 3. NO-promoted ABI5 degradation and seed germination 

phenotypes.  

a, GSNO and SNAP treatments promote ABI5 degradation in 2 days ABA (5 µM)-

treated after ripened seeds. Immunoblot analysis of ABI5 protein levels in seed 

extracts of Col-0, treated with or without (C) ABA, NO scavenger (cPTIO) and NO 

donors (GSNO and SNAP). Actin protein levels are shown as a loading control. 

b, Quantitative data of immunoblot analysis of ABI5 protein levels in seed extracts of 

Col-0, treated with or without (C) ABA, NO scavenger (cPTIO) and NO donors 

(GSNO and SNAP). Values represent the mean ±SE (n=3) and normalized against 

actin. Asterisks indicate significant differences compared with C (t-test, *P<0.05, 

**P<0.01). AU, arbitrary units. 
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c, Representative seed germination images of wild-type (Col-0) dormant seeds 

grown for 4 days on MS agar plates untreated (Control, C), or supplemented with 5 

µM ABA, 300 µM of the NO-scavenger cPTIO, 300 µM of the NO-donors GSNO and 

SNAP and 300 µM GSNO or SNAP plus 100 µM of the proteasome inhibitor MG132. 

Phenotype of abi5-1 mutant is included as a control. Scale bars 1 mm. 

d, Representative seed germination images of wild-type (Col-0) and mutants atnoa1-

1, nia1nia2, atnoa1-2nia1nia2, and abi5-1 4-day-old seedlings in the presence of 

0.1µM ABA highlighting germination inhibition. Scale bars 1 mm. 

e, Representative seed germination images of WT, 35S:AHb1 (H7) and 

35S:antiAHb1 (L1) 4-day-old seedlings in MS (Control) and 0.1 µM ABA. Scale bars 

1 mm. 

f, Graph showing the quantification of seed germination in WT, 35S:AHb1 (H7) and 

35S:antiAHb1 (L1) 4-day-old seedlings in MS (Control) and 0.1 µM ABA. Values 

represent the mean ±SE (n=3). Asterisks indicate significant differences compared 

with WT (t-test, **P<0.01). 
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Supplementary Figure 4. In vitro S-nitrosylation of ABI5 and identification of 

the candidate ABI5 Cys residue in silico. 

a, In vitro S-nitrosylation of wild-type ABI5 recombinant protein by the NO donor 

GSNO (200 µM). Sodium ascorbate (Asc) was used to specifically detect S-

nitrosylated SNO-ABI5. ABI5 protein loading was detected by anti-His antibody. 

b, Schematic ABI5 structure showing the conserved domains (C1-4 and bZIP) and 

the position of the 4 Cys residues. 
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c, Sequence alignment of ABI5 (At2g36270) protein with other members of the ABI5-

like bZIP family in Arabidopsis. Positions with identical amino acids residues are 

highlighted in black. The Cys residue is red boxed.  

d, Computational prediction of ABI5 S-nitrosylation sites. GPS-SNO 

(http://sno.biocuckoo.org)1 has been used to calculate ABI5 Cys targets of S-

nitrosylation using the High Threshold option. 

e, dbSNO database (http://csb.cse.yzu.edu.tw/SNOSite/index.html)2 has been also 

used to predict ABI5 S-nitrosylation sites identifying the matched MDD-clustered 

motifs of the target cysteines. MDD: maximal dependence decomposition. Target 

Cys of the MDD-clustered motif is in green, and the maximal dependence with the 

occurrence of basic (blue) or acid (red) amino acids in each position is marked. 

Target Cys of the S-nitrosylation sites are in blue and amino acids that match with 

the respective MDD-clustered motif are in red. 
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 7 

 

 

 

 

 

 

 

 

 

 

 



 8 

 

 

 

 



 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 5. Analysis of in vitro ABI5 S-nitrosylation. 
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Protein sequence using protein view-MASCOT search, including observed mass, 

expected mass, calculated mass, Mascot score, expectation score and rank, and 

peptide sequence. Nominal mass (Mr). 
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Supplementary Figure 6. Analysis of in vitro ABI5 S-nitrosylation. 

a, Peptide view-MASCOT search showing the MS/MS spectrum. 

b, Peptide view-MASCOT search showing all matched ions. Nominal mass (Mr). 



 13 

 

 

Supplementary Figure 7. Expression pattern of ABI5 and ABI5-like genes. 

a, Gene expression profiles of ABI5 and ABI5-like genes relative to the 

developmental map using the Meta-Analyzer platform from Genevestigator software 

(http://www.genevestigator.ethz.ch) reveals that expression of ABI5 (At2g36270) was 

present in seeds3. 

b, Comparison of the transcription levels of ABI5 (At2g36270) vs. AtbZIP67 

(At3g44460) in different plant tissues, based on data obtained using the eFP browser 

(http://bar.utoronto.ca).  
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Supplementary Figure 8. ABI5 Cys153 mutation does not abolish protein 

homodimerization. Yeast two-hybrid assay for ABI5 protein homodimerization. Two-

hybrid interaction test of ABI5 (wild-type) and ABI5C153S (mutated version). Upper, 

control plates. Middle and right, test plates (-His) and (-His, +3-Amino-Triazole), 

respectively. For the constructs, the ABI5 and ABI5C153S were fused to the Gal4 

DNA-binding domain (BD) and Gal4 activation domain (AD) as indicated. 

 

 

 

 

Supplementary Figure 9. ABI5 Cys153 mutation and S-nitrosylation do not 

abolish DNA binding. 

a, Electrophoretic mobility shift assay (EMSA) of ABI5 (wild-type) and ABI5C153S 

(mutated version) binding to DNA fragments containing the ABRE motif under 

reducing conditions.  

b, EMSA of ABI5 (wild-type) and ABI5C153S (mutated version) binding to DNA 

fragments containing the ABRE motif under non-reducing conditions and in the 

absence and presence of GSNO (1 mM). 

See Methods for a description of the probe. (Control) ABRE-box incubated without 

recombinant protein. 
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Supplementary Figure 10. Generation and molecular analysis of 35S:ABI5 and 

35S:ABI5C153S transgenic lines.  

a, Construct used to generate the transgenic lines. 

b, Q RT-PCR analysis of ABI5 expression levels in Col-0, the abi5-1 background and 

35S:ABI5 and 35S:ABI5C153S transgenic lines. 

c, ABI5 levels in 35S:ABI5 and 35S:ABI5C153S transgenic plants. Immunoblot 

analysis of in vivo ABI5 protein levels in 35S:ABI5 and 35S:ABI5C153 seedlings. 

Actin protein levels were also determined as a loading control.  

d, Seed-specific phenotypes of 35S:ABI5 and 35S:ABI5C153S lines. ABA-

hypersensitive inhibition of germination and post-germinative growth in two 35S:ABI5 

and 35S:ABI5C153S lines as compared to wild-type plants. Photographs show wild-

type (Col-0) and two 35S:ABI5 and 35S:ABI5C153S independent lines (1, 2) in 

medium supplemented with 0.2 µM ABA 4 days after sowing. Scale bars 1 mm. 

e, Restoration of abi5-1 mutation by both 35S:ABI5 and 35S:ABI5C153S constructs. 

ABA-hypersensitive inhibition of germination and seedling establishment in 35S:ABI5 

and 35S:ABI5C153S lines compared to wild-type and abi5-1 mutant plants. 
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Photographs show wild-type abi5-1 and two 35S:ABI5 and 35S:ABI5C153S 

independent lines (1, 2) in medium supplemented with 0.2 µM ABA 4 days after 

sowing. Scale bars 1 mm. 

f, NO-insensitivity during seedling establishment in 35S:ABI5C153S lines as 

compared to 35S:ABI5 plants. NO donor and scavenger effect in seedling growth of 

wild-type (Col-0), abi5-1, 35S:ABI5 and 35S:ABI5C153S lines grown for 3 days on 

MS agar plates untreated (Control), or supplemented with 300 µM of the NO-donor 

SNAP and 100 µM of the NO-scavenger cPTIO. Values represent the mean ±SE 

(n=3). Asterisks indicate significant differences compared with Control (t-test, 

*P<0.05, **P<0.01). 
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Supplementary Figure 11. Quantitative data of NO-promoted ABI5 degradation. 

a, Quantitative data of immunoblot analysis of ABI5 (wild-type) and ABI5C153S 

(mutated version) degradation by application of GSNO (500 µM) in the presence of 

cycloheximide (CHX, 1 mM). Values represent the mean ±SE (n=3) and normalized 

against actin, as shown in Fig. 4a. Asterisks indicate significant differences compared 

with 0 hours (t-test, *P<0.05, **P<0.01). 

b, Quantitative data of immunoblot analysis of CUL4 and KEG involvement in NO-

promoted ABI5 degradation. Values represent the mean ±SE (n=3) and normalized 

against actin, as shown in Fig. 4b. Asterisks indicate significant differences compared 

with 0 hours (t-test, *P<0.05, **P<0.01). 

AU, arbitrary units. 
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Supplementary Figure 12. Uncropped scans of the most important immunoblot 

results. Black boxes highlight lanes used in figures. 
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