
ABSTRACT 

PAIS, ANDREW LABEL. Molecular Characterization of Local Adaptation of Natural 

Flowering Dogwood Populations (C. florida) to Fungal Pathogens and Environmental Stress. 

(Under the direction of Dr. Qiu-Yun (Jenny) Xiang). 

 

Next-generation-sequencing and untargeted metabolite markers offer promising 

contributions for the study of natural diversity at the genetic, phenotypic, and species level. 

In particular, the study of ecologically valuable non-model systems has advanced because of 

the rapidly decreasing costs to obtain large high-quality genomic data for many biological 

replicates. In the presence of both natural and anthropogenic changes to the environment, 

evolutionary ecologists are able to better characterize and monitor the health of natural 

populations via estimates of genetic diversity, phenotypic diversity, and quantitative 

measures of abiotic-biotic pressures. In the study of the flowering dogwood tree (Cornus 

florida L.), the focal species of this dissertation, innovations in the collection and analysis of 

molecular marker data have aided in identification of specific genomic regions that may be 

responsible for or associated with functionally adaptive traits. Phytochemical traits, which 

are important to plant defense and interaction with other organisms, can now be characterized 

with high-throughput LC-MS methods for studying the influence of ecological pressures (e.g. 

abiotic stress and fungal pathogens) on plant health and secondary metabolism, relationships 

of genetic and phytochemical diversity, and the ecology of pathogen-host and herbivore-plant 

relationships. We are interested in how natural populations of flowering dogwoods have 

responded to different environments including variable degrees of soil leaching, heat-light 

intensity, and drought as well as different assemblages of fungal foliar pathogens within the 

phyllosphere of C. florida (inside and on leaf surface). Additionally, I have tested the effects 

of genetic variation and environmental factors on phytochemical diversity (measured by 



untargeted metabolomics profiling). Among sampled populations facing varying abiotic-

biotic selective pressures, I have found highly differentiated alleles putatively under positive 

selection and chemical biomarkers predictive of plant health and disease. The patterns of 

genetic and chemical variation, candidate loci under selection, and chemical biomarkers 

represent new discovery and evidence of local adaptations in C. florida. The evidence 

provided will inform conservation and future ecological-genomic research on the flowering 

dogwood tree. By prioritizing the conservation of genetic diversity in natural populations of 

C. florida, intraspecific functional diversity may be preserved along with biodiversity 

associated with the species.  
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Figure 4.1 (A) Map of sampling locations across Flowering Dogwood (Cornus florida) range 

(gray), including: Ozark/Ouachita gallery forests (Missouri; maroon), Mixed Wood Plains 

(Michigan and Ohio; yellow), Appalachian mountains (North Carolina; red), Piedmont 

subpopulations (North Carolina and South Carolina; green), and eastern Coastal Plains 

(North Carolina, South Carolina, and Florida; orange). Counties highlighted in red have 

verified reports of dogwood anthracnose, according to US Forest Services whereas sites with 

visual observation of anthracnose disease (e.g. leaf blotting and necrosis) are indicated with 

triangular arrows. Climatic relationships of sampling sites depicted as (B) PCA of 

bioclimatic variables. Variable set reduced of collinearity prior to PCA is depicted as joint-

biplot with line lengths proportional to degree of correlation to top two principal components. 

Bioclim variables (http://www.worldclim.org/) include: mean diurnal range of temperature 

(Bio2), temperature seasonality (Bio4), warmest month maximum temperature (Bio5), mean 

temperature of wettest quarter (Bio8), mean temperature of driest quarter (Bio9), driest 

month precipitation (Bio14), precipitation seasonality (Bio15), and precipitation of warmest 

quarter (Bio18). (C) Tinted hillshade terrain overlay to represent elevation. Darker green 

shades represent locations closer to sea level while darker orange-shaded regions are at 

higher elevations.ééééééééé..ééééééééééééééééé....é.166 

Figure 4.2 Workflow to determine proportion of total paired-end sequences aligning uniquely 

to genome of Erysiphe pulchra or Discula destructiva. Unique alignments to either fungal 

pathogen applied to RDP classifier and UNITE ITS database to obtain operational taxonomic 

units (OTUs).ééééééééééééééééééééééééééé...éé..167 
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Figure 4.3 Notched boxplot representing differences in the proportion of GBS sequences 

uniquely aligned to either (A) the genome of Erysiphe pulchra (powdery mildew) or (B) 

Discula destructiva (dogwood anthracnose). Boxplots depict minimum and maximum values 

(whiskers), outliers (dots), first quartile, median, and third quartile. The notches in each box 

correspond to the 95% confidence interval of each median value, and the width of each box 

corresponds to the square root of the sample size for each collection site.ééééé...é168 

Figure 4.4 Comparison of fungal species-level operation taxonomic units (OTUs) between 

(A) 64-128bp GBS sequence matches to UNITE ITS database, (B) 64-128bp GBS sequence 

matches to Warcup ITS database, and (C) Megablast results from Real-time PCR of ITS 

region from Miller et al. 2016. Taxonomic ranks from this study (A and B) underlined in 

crimson if presence of fungi taxa confirmed in literature.éé.........................................é169 

Figure 4.5 Genus-level fungal operational taxonomic units (OTUs) and their relative 

abundances (out of all GBS sequence matches to fungi from UNITE ITS database) within 

each Cornus florida sampling site. Each site is prefixed by its US state of origin and followed 

by a unique identifier as reported in Table 4.1. Heatmap generated from RDP classifier 

results using (A) UNITE ITS database and (B) Warcup ITS database.. éé.éé..ééé170 
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Figure 4.6 Bar graphs depicting fungal community composition differences between Cornus 

florida sampling sites with any visual evidence of anthracnose disease in early spring and 

summer (i.e. leaf blotting, necrosis, or branch dieback) and sites with no visual evidence of 

anthracnose disease. (A) we particularly note proportional differences in class-level operation 

taxonomic units (OTUs) for Leotiomycetes (blue) and Sordariomycetes (orange) since those 

taxa include powdery mildew and dogwood anthracnose, respectively. (B) Comparison of the 

mean proportion of total GBS sequences per sample aligned exclusively to either Erysiphe 

pulchra (powdery mildew; blue) or Discula destructiva (dogwood anthracnose; orange)...171 

Figure 4.7 Regressions of the proportion of total sequences aligning uniquely to Discula 

destructiva vs. either predictors: (A) mean temperature of month sampled or (B) PCA 

component 1 scores derived from set of bioclim variables (envPC1; 

http://www.worldclim.org) reduced of collinearity (VIF < 10). Both predictors were 

incorporated into best multivariate model (based on AIC) to predict proportion of total 

sequences aligning uniquely to Discula destructiva (untransformed response) vs. either (C) 

mean temperature of month sampled or (B) envPC1. For prediction plots of the best 

multivariate model, the predictor not depicted on the x-axis was held constant at its median 

value. Additional details of best model in Table 4.2.éééééé.éééééééé...172 
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