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Abstract

Plants continuously adapt to developmental and environmental cues through extensive transcriptional and post-transcriptional reprogramming.
Untranslated regions (UTRs) of mRNAs serve as key regulatory hubs controlling transcript processing, stability, localization, and translation efficiency.
Despite their central role in gene regulation, functional characterization of plant UTRs has largely remained limited to low-throughput, gene-by-gene
studies. To systematically dissect UTR-mediated regulation, we generated a whole-genome CRISPR-Cas mutagenesis library targeting splice-related
regulatory elements within 5" and 3’ UTRs in Arabidopsis thaliana. We developed a computational framework, termed “UTRSplicer”, for genome-wide
identification and annotation of UTR splicing elements across the Arabidopsis transcriptome, identifying approximately 5,500 UTR-associated introns.
Based on this annotation, we designed over 40,000 single-guide RNAs and generated more than 10,000 independent transgenic lines. To determine the
functional consequences of UTR perturbations, we conducted large-scale high-throughput metabolomic profiling of approximately 900 edited lines,
comprising over 6,000 metabolomic samples. Metabolic screening has been completed, and downstream computational and statistical analyses are
currently underway to uncover novel metabolic rearrangements and regulatory networks associated with UTR-dependent regulation. To complement
this unbiased discovery platform, we established targeted mutagenesis workflows for selected candidate loci and performed high-resolution amplicon
sequencing of approximately 2,000 library-derived T-DNA lines to characterize editing outcomes. These datasets were further integrated to develop
machine-learning models predictive of CRISPR editing efficiency and mutational outcomes in plant systems. Together, this work establishes a scalable
platform for systematic functional interrogation of untranslated regions in plants and provides a unique resource for uncovering previously unknown
links between post-transcriptional regulation and plant metabolism. More broadly, it enables genome-scale dissection of how untranslated regions shape
plant phenotypes, addressing a long-standing challenge in functional genomics.
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The 5’ and 3' untranslated regions (UTRs) are key regulators of
gene expression, influencing multiple stages of the mRNA life

- B cycle. Despite their importance, many UTR-mediated
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