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    ABSTRACT
Nitrate (NO3-) is a signaling molecule that regulates gene expression in plants. The nitrate response has been extensively characterized at the transcriptome level. However, we know little about RNA nucleocytoplasmic dynamics during nitrate response. To understand the role of mRNA localization during the nitrate response, we isolated mRNA from the nucleus, cytoplasm, and whole-cells from nitrate-treated Arabidopsis roots and performed RNA-seq. We identified 402 differentially localized transcripts (DLTs) in response to nitrate. DLTs were enriched in GO-terms related to metabolism, response to stimulus, and transport. DLTs showed five localization patterns: nuclear reduction, cytoplasmic reduction, nuclear accumulation, cytoplasmic accumulation, or delayed-cytoplasmic accumulation in response to nitrate. DLTs exhibited large changes in RNA polymerase II occupancy of cognate genes and high mRNA turnover rates, indicating these are rapidly replaced mRNAs. The NITRATE REDUCTASE 1 (NIA1) transcript exhibited the largest changes in synthesis and decay. Using single-molecule RNA FISH, we showed that NIA1 nuclear accumulation occurs mainly at transcription sites. The decay profiles for NIA1 showed a higher half-life when the transcript accumulated in the nucleus than in the cytoplasm. We propose that regulating nucleocytoplasmic mRNA distribution allows tuning transcript availability of fastly replaced mRNAs, controlling plants’ adaptive response to nitrogen nutrient signals.
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