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Abstract: 
Drought stress is a major cause of tree mortality in Mediterranean coniferous forests. 
Despite the high economic and ecological importance of ponderosa pine (Pinus 
ponderosa) in the western United States, no previous study has investigated the 
genetics of drought tolerance in this species. This study combines genotype-to-
environment (G2E) and genotype-to-phenotype (G2P) association genetics to identify 
both the genetic loci and phenotypic traits that may influence variation in P. ponderosa 
drought tolerance. I made use of genotyping-by-sequencing (GBS), which is a robust 
and cost-effective genotyping method, and compared four GBS bioinformatics 
pipelines to obtain the Single Nucleotide Polymorphism (SNP) markers. The Stacks 
reference-based pipeline identified 4 million SNPs in 223 ponderosa pine individuals 
across the Sierra Nevada mountains. In the G2E analysis with these SNPs and five 
chosen climatic variables, thousands of associations representing a range of different 
protein functions were identified, including ubiquitination, the abscisic acid signaling 
pathway, cell division or growth of roots or shoots, cell wall organization, and seed 
dormancy. For the G2P analysis, I conducted a greenhouse experiment to identify 
drought-responsive traits in seedlings from 48 maternal families. I then ran a G2P 
association with the previously identified genotypes and these traits. There was 
considerable overlap in protein functions associated with both environmental variables 
and drought-responsive traits. Potentially, future studies can develop molecular tools 
based on the associated genetic markers to assist breeders and gene resource managers 

in developing and managing adapted populations.   
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