


 

Statement of Purpose 

 The fungal pathogen Batrachochytrium dendrobatidis (Bd) poses a great threat against 

the biodiversity of amphibian species. My goal is to investigate correlations between Bd 

presence and skin microbiome composition from Columbia spotted frogs (Rana luteiventris) 

sampled in northern Idaho surveys during 2013 and 2018 to identify skin microbes that 

potentially provide protection against Bd. 

Background and Significance 

 Emerging infectious diseases threaten global biodiversity by contributing to population 

declines and extinctions, having been associated with declines in a large range of organisms, 

including amphibians, birds, lions, invertebrates, and plants (1, 2). Chytridiomycosis, the disease 

caused by Bd, has resulted in the decline or extinction of up to 200 frog species globally (3-6). 

The disease spreads in epidermal cells, which is problematic because amphibian skin is crucial in 

regulating the exchange of respiratory gases, electrolytes, and water (7). Chytridiomycosis is a 

cause for concern for amphibian populations in northern Idaho. In a large scale 2013 study, Bd 

was detected on Columbian spotted frogs in 80% of 153 sampled locations (Figure 1) (8). In 

these sampled sites, it is not yet known how the skin microbiome influences susceptibility to 

infection. 

Previous research shows the amphibian skin microbiome plays a role in defense against 

Bd. For example, the bacteria Janthinobacterium lividum was found to produce the metabolite 

violacein, which inhibits the development of Bd (9). When Harris et al. applied J. lividum to 

skins of Rana muscosa frogs, 100% of Bd exposed frogs survived after 20 weeks, compared to 

approximately 20% of frogs when J. lividum was not applied. These findings were consistent 

with data showing that violacein was strongly associated with frog survival. Another example of 



 

an antifungal metabolite produced by skin bacteria is 2, 4-diacetylphloroglucinol, found on red-

backed salamanders (Plethodon cinereus) (10). Antifungal metabolites have also been found as a 

byproduct of interactions between two bacteria. Bacillus sp. and Chitinophaga arvensicola from 

red-backed salamanders produce the Bd-inhibiting tryptophol when cultured together, but not in 

isolation (11). An Antifungal Isolates Database has been produced to compile a list of amphibian 

skin bacteria isolated from around the world, their 16S rRNA gene sequences, and their Bd-

inhibiting properties (12). The database shows that Pseudomonas is a genus commonly found on 

the skin microbiome with anti-Bd properties, however, a variety of genera have been found with 

Bd-inhibition. 

These studies demonstrate the importance of investigating amphibian skin microbiome 

composition in relation to disease. By characterizing the skin microbial communities in 

Columbia spotted frog samples taken from northern Idaho in 2013 and 2018, we can discover if 

the microbe community differs in infected and uninfected frogs. Differences in the community 

may indicate whether certain microbes provide an antifungal effect. This knowledge could lead 

to future studies which test the effectiveness of applying probiotics containing antifungal 

microbes. Questions remain over how conservation should be managed for disease-threatened 

amphibian wildlife. Since probiotic bacteria will continue to maintain themselves on the skin 

microbiome, probiotics are potentially an effective solution to protecting individuals over their 

entire lifetimes, making probiotics more than a temporary solution. 

Objectives 

 First, I will detect presence of Bd in 2018 skin samples of northern Idaho Columbia 

spotted frogs. In both 2013 and 2018 samples, I will characterize the skin microbial 

communities. Next, I will investigate correlations between Bd presence and the microbial 



 

community composition to identify microbes with potential anti-Bd effects. I hypothesize that 

microbe community composition in frogs infected by Bd will differ from composition in frogs 

uninfected by Bd in both sets of samples. I expect to find a greater proportion of bacteria with 

antifungal properties, such as but not limited to Pseudomonas, in frogs uninfected by Bd.  

Procedures and Rationale 

 The Idaho Department of Fish and Game sampled Rana luteiventris (Columbian spotted 

frog) during the periods of May-September 2013 (N=396) and 2018 (N=163) (Table 1). The 

study area consisted of most of the Idaho Panhandle, the northernmost region of Idaho 

encompassing 10 counties (see Figure 1). Skin swab samples were collected using sterile buccal 

swabs to swab the underside of the frog back and forth 15 times (30 total swipes) as described in 

the Multi-species Baseline Initiative project report (8). Ends of swabs are currently stored in 

tubes containing RNAlater to preserve DNA. For samples from 2013, DNA isolation and 

screening for Bd infection have previously been completed. 

 

Rana luteiventris Skin Swab Samples: # Samples (# Sites) 

2013 2018 Sites Sampled In Both Years 

396 (153) 163 (68) 53 Sites 

Table 1. Number of skin swab samples and sites sampled from the years 2013 and 2018. 

Sampling effort was lower in 2018. Data from Idaho Department of Fish and Game. 

 

For all 2018 samples, I will isolate DNA from these samples using the Qiagen DNeasy 

Blood & Tissue Kit for DNA purification. After isolation, I will detect presence of Bd using 

polymerase chain reaction (PCR) with primers Bd1a and Bd2a (13). For a subset of both 2013 

and 2018 sample sets, I will characterize the microbial community composition by taking a 

sample barcoding approach during PCR using amplicon sequencing of the V4 region of the 16S 



 

rRNA gene with primers 515F and barcoded 806R (14). I will use agarose gel electrophoresis 

and GelRed DNA stain to separate the mixture of DNA by molecular size. The samples will be 

pooled at equimolar concentrations and sent for sequencing on the Illumina MiSeq platform at 

the University of Idaho’s IBEST Genomics Resources Core. 

Bioinformatics will be performed on the Quantitative Insights Into Microbial Ecology 

(QIIME) platform (15). Using the platform, I will visualize data and compare differences 

between microbial communities in each sample. I will use a weighted UniFrac distance matrix, a 

technique developed for comparison of microbial communities in a phylogenetic context (16). A 

Non-Metric Multidimensional Scaling (NMDS) ordination will be used to visualize the 

differences of microbial communities in infected samples compared to the communities of 

uninfected samples. To analyze the statistical significance of these differences, I will use a 

Permutational multivariate analysis of variance (PERMANOVA). PERMANOVA is a 

semiparametric method that allows for analysis of multivariate data which may be non-normal 

(17). 



 

 

Figure 1. Map of northern Idaho study area by Idaho Fish and Game. Bd was detected on 

Columbia spotted frogs in 80% of sampled locations (N = 123 out of total N = 153). 

 

 

 

 



 

Budget Justification 

Item Cost Quantity Total Cost 

(+ shipping) 

Qiagen DNeasy Blood & Tissue Kit (50 samples) $176.04 3 $588.12 

QuantaBio HotMaster Mix $74.55 2 $149.10 

DNA primers In lab N/A $0.00 

Agarose BioReagent In lab 1 $0.00 

GelRed® Nucleic Acid Gel Stain 3X in water In lab 1 $0.00 

DNA sequencing at University of Idaho (100 samples) $2,000.00 1 $2,000.00 

TOTAL BUDGET REQUESTED $737.22 

 

Timeline 

Quarter Winter 2019 Spring 2019 Fall 2019 Winter 2020 Spring 2020 

Task DNA 

extraction, 

PCR, species 

identification 

of Idaho 

samples. 

Data analysis, 

Collect 

amphibian 

skin samples 

at Turnbull 

NWR.* 

DNA 

extraction, 

PCR, species 

identification 

of Turnbull 

samples.* 

Data analysis Complete 

thesis 

*Note: Part 2 of thesis project not included in this proposal. 
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