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            Abstract
Complex antagonistic interactions between abscisic acid (ABA) and brassinosteroid (BR) signalling pathways have been widely documented. However, whether or how ABA interacts synergistically with BR in plants remains to be elucidated. Here, we report that low, but not high, concentration of ABA increases lamina joint inclination of rice seedling, which requires functional BR biosynthesis and signalling. Transcriptome analyses confirm that about 60% of low-concentration ABA early response genes can be regulated by BR in the same directions. ABA activates BR signal in a fast, limited and short-term manner and the BR-biosynthesis regulatory gene, OsGSR1, plays a key role during this process, whose expression is induced slightly by ABA through transcriptional factor ABI3. Moreover, the early short-term BR signal activation is also important for ABA-mediated salt stress tolerance. Intriguingly, the process and effect of short-term BR signal activation were covered by high concentration of ABA, implying adaptive mechanisms existed in plants to cope with varying degrees of stress.
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                    Fig. 1: Low concentration of ABA increases LJI of rice seedling.[image: ]


Fig. 2: ABA regulates LJI through activating BR signalling.[image: ]


Fig. 3: Synergistic response of rice seedlings to ABA and BL at the transcriptional level.[image: ]


Fig. 4: OsGSR1 is required for ABA-regulated LJI in rice seedling.[image: ]


Fig. 5: Transactivation of OsGSR1 by ABI3 is required for ABA-mediated LJI.[image: ]


Fig. 6: ABA-mediated salt stress tolerance depends on transient accumulation of BR.[image: ]


Fig. 7: A working model of complex interplay between ABA and BR signalling in rice seedlings.[image: ]
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                Data availability

              
              Genome sequence data from this study can be found in the GenBank/EMBL libraries under the following accession numbers: Os01g0911700 (ABI3), Os01g0859300 (ABI5), Os04g0448900 (ABA1), Os01g0197100 (D2), Os04g0469800 (D11), Os06g0266800 (OsGSR1) and Os07g0569100 (OsREM4.1). O. sativa proteome sequences were downloaded from IRGSP (http://rice.plantbiology.msu.edu/). The RNA-seq data have been deposited in Sequence Read Archive of NCBI (https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?) under accession number PRJNA732471. The data supporting the findings of this study are available within the article and its supplementary data, or from the corresponding authors upon reasonable request. Source data are provided with this paper.
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