ABSTRACT
Modern genetics has generated an abundance of genomic data for plants. Coupled with the increasing affordability, power, and sophistication of computational hardware and analysis methods, these advances enable previously infeasible experiments, particularly for non-model species such as agricultural weeds. Such research is vital for both understanding plant biology and protecting global food security.This dissertation examines rapid adaptation to herbicides in agricultural weeds, polyploid genome evolution, and cross-species gene regulatory conservation. By integrating chromosome-level genome assemblies, population genomics, evolutionary rate analysis, and deep learning-based gene regulatory modeling, this work provides new insights in plant genomics and evolution and public computational tools for replicating these methods in future research.Chapter 1 synthesizes current knowledge of structural variation as a driver of herbicide resistance evolution in weeds. While resistance is often framed in terms of single nucleotide substitutions, increasing evidence demonstrates that copy number variation, extrachromosomal circular DNA, transposable element insertions, and chromosomal rearrangements repeatedly underlie resistance phenotypes across diverse taxa. This review establishes structural variation not as an exception, but as a recurring and predictable mechanism of adaptation under strong selection and identifies key gaps in understanding how such variants originate and spread.Chapter 2 investigates one such mechanism in detail by resolving the genomic architecture of glyphosate resistance in Eleusine indica. We generated chromosome-scale reference genomes for glyphosate-susceptible and glyphosate-resistant individuals and identified the full structural configuration of a 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) copy number amplification event. In glyphosate-resistant individuals, the EPSPS locus and a distant region are translocated to the subtelomere region, fused, and subsequently amplified approximately 25-fold. Population resequencing confirms consistent co-duplication of the fused regions across resistant individuals. These findings identify subtelomeres as dynamic recombinational environments capable of facilitating adaptive copy number variation formation and reveal a mechanistic pathway by which genome architecture generates herbicide resistance under repeated selection.Chapter 3 expands from locus-scale structural change to whole-genome evolutionary dynamics in allohexaploid Chenopodium species. Using chromosome-level assemblies, long terminal repeat (LTR) insertion age analysis, and a newly developed dN/dS analysis framework (dndsR), I quantify repeat and coding sequence divergence between subgenomes within each genome. This work found that subgenomes maintain a stable asymmetry in gene and repeat density, average LTR insertion age, and coding divergence across three independent assemblies from two Chenopodium species.Chapter 4 extends the investigation of genome architecture into the gene regulatory domain by evaluating cross-species transfer of deep learning models trained on mammalian regulatory data to plants. Through zero-shot prediction and fine-tuning in Arabidopsis thaliana, I demonstrate that conserved regulatory logic can be recovered across substantial phylogenetic distance, suggesting that aspects of cis-regulatory grammar are evolutionarily stable despite extensive sequence divergence. These results illustrate how computational modeling can uncover conserved architectural principles governing gene regulation and provide a scalable framework for comparative regulatory genomics.By integrating mechanistic genomics, evolutionary analysis, and deep learning, this dissertation advances our understanding of how plant genomes evolve and provides scalable computational tools for researching plant genomics and evolution.
