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Summary for PI José Dinneny, Stanford University 
Through this grant, we developed a comparative framework to elucidate the mechanisms 
behind variations in environmental stress responses among a diverse group of species within 
the Brassicaceae family. Our focus was on the differences in physiological and transcriptomic 
responses to abscisic acid (ABA), a hormone associated with water stress. We examined the 
differential growth responses of four Brassicaceae species, finding that most exhibited reduced 
root growth correlated with smaller meristem size. In contrast, Schrenkiella parvula showed 
accelerated growth due to increased root cell elongation. We employed RNA sequencing to 
analyze the transcriptional responses to ABA across these species, and innovative 
bioinformatics techniques were used to pinpoint biological pathways with significant divergence. 
Additionally, we utilized DAP-seq to map the gene regulatory networks associated with ABA-
responsive transcription factors, revealing that variations in the regulation of growth hormone 
biosynthesis play a critical role in the distinct ABA effects on root growth among the species. 
This research sets a new standard for comparative physiology by integrating comparative 
genomics and transcriptomics to uncover pathway divergences. 
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Summary for Co-PI Maheshi Dassanayake, LSU 
We developed new computational pipelines and analyzed the root scRNAseq data generated 
for five target species (Arabidopsis thaliana, Sysimbrium irio, Schrenkiella parvula, Eutrema 
salsugineum, and Camelina sativa) under control, salt, and ABA treated conditions. New 
computational method development was required to assign cell types for scRNAseq data 
clusters across multiple species, treatments, and cells from different developmental stages. We 
identified cell-type, species, and stress dependent gene networks that shed insight into the 
evolution of stress responsive traits in the target Brassicaceae species which included an oil 
crop, stress-adapted species, and stress-sensitive species. While the significant results from 
this analysis are currently being prepared for a manuscript aimed to be submitted within three 
months, the tools, analyses, and insight gained from this project have led to five other published 
papers describing plant adaptations to environmental stress in diverse plants. We have created 
genome browsers for S. parvula and E. salsugineum, tissue expression atlases, and developed 
computational tools to study ortholog evolution, gene functional networks, and phylogenetic 
expression profiles among closely related species. This project partially supported four graduate 
students who completed their PhD thesis within the project duration, 2 post-doctoral scientists, 2 
visiting graduate students from Israel and Brazil, and 8 undergraduate research students at 
LSU. 
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Summary for Co-PI Song Li, Virginia Tech 
We have developed machine learning tools to select candidate regulatory genes and associated 
regulatory interactions that are most “important” in predicting gene expression change under 
stress (Song et al. 2020). Following up on this direction, we have tested the model using a single 
cell stress response data from mouse monocytes and demonstrated the model can be applied to 
single cell data(Lee et al. 2021).  We have also published protocols for the analysis of gene 
regulatory networks and multi-omics integration using single cell data(Chau, Timilsena, and Li 
2023) (Li, Yan, and Lee 2021).  To facilitate cell type annotation, we have published machine 
learning models to select informative cell type marker genes that cannot be identified by 
conventional statistical test(Yan et al. 2022). We also developed a computational protocol for 
trajectory analysis which can be used for determining cell type developmental stages and 
emergence of novel cell types. This protocol was first tested in the monocyte paper(Lee et al. 
2021) and further tested and applied in a tomato single cell data to identify a novel cell layer 
endodermis (Cantó-Pastor et al. 2022).  Same protocols have been used in the preliminary 
analysis of the single cell data generated in this project. 
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Summary for Co-PI John Schiefelbein, University of Michigan 
As part of Aim 1 from the original grant proposal, the Schiefelbein lab generated single-cell 
RNA-seq (scRNA-seq) datasets from the roots of five Brassicaceae species under normal and 
stress conditions.  Specifically, we used the 10X Genomics Chromium droplet-based platform to 
generate approximately 6,000 single-cell transcriptomes for each of two replicates from 
Arabidopsis thaliana, Camelina sativa, Eutrema salsugineum, Schrenkiella parvula, and 
Sisymbrium irio grown on standard media, 5 uM ABA, and 100 mM NaCl.  We used established 
pipelines to evaluate the characteristics of these data and conducted comparative transcriptome 
clustering and visualization to confirm the quality of these scRNA-seq datasets. 
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