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Extended Abstract

The Wild Yeast Biodiversity Project is an inquiry-based module developed for Molecular Methods in
Evolution and Ecology, an upper-division biology lab class at the University of California, San Diego. It serves as
one of three major projects that student complete over the course of the 10-week class. In the project, students work
to isolate strains of wild yeast from the chaparral at a local nature reserve. They take field samples, culture the
samples to isolate individual strains of yeast, and identify the strains using DNA barcoding.
The project has 4 goals:

1)  Guide students through an authentic process of scientific discovery in which they collect novel data and
contribute to our understanding of microbial diversity and ecology.

2) Teach students scientific skills: field collecting, microbiology culturing, molecular biology techniques, basic
bioinformatics skills, microbiology safety, and aseptic technique.

3) Build a living archive of the fungal diversity at the Scripps Coastal Reserve.

4) Discover and document new species of wild yeasts, in collaboration with the Hittinger Lab at the University of
Wisconsin-Madison.

On the initial collecting trip, students are introduced to the coastal sage scrub habitat, an important and
threatened ecosystem. They learn to identify the most common native plants in our region and find out about the
plants' adaptations to San Diego's Mediterranean-type ecosystem. Then they set off in pairs to explore the habitat
and choose their own samples. Most students sample plant tissue — leaves, fresh and dried flowers, decaying
prickly pear pads, etc. — but some sample the arthropods they find, such as bees or caterpillars. Each individual
student aseptically collects seven samples. By this point, some students are already articulating scientific questions:
Will the fresh and dried flowers of the same plant yield different yeasts? Will leaves yield fewer yeasts than flowers
do?

Back at the lab, students incubate their samples in liquid media that they make and sterilize themselves.
The culturing conditions favor the growth of fungi and discourage bacteria: limited oxygen (capped tubes, no
agitation), high osmotic stress (8% glucose), and antibiotics. The cultures go through two rounds of liquid media
and then multiple rounds of agar plate culture, as students try to isolate individual yeast strains from the diverse
community of microbes that are originally present on each sample. During this process, students learn microbiology
culturing techniques, including proper streaking technique, and gain experience in identifying yeast morphology.
Each student starts with 7 samples and ends up with an average of 2-3 isolated strains.

Throughout the culturing phase of the project, we strongly emphasize microbiology safety and implement
Biosafety Level 2 protocols. Yeast are rarely pathogenic compared to bacteria and mold, but we take extra
precautions because the strains are unidentified at this point. Former students have reported that these skills proved
useful in their subsequent positions in research labs.

All yeast strains are preserved for future study, building a living archive of microbial biodiversity at the
nature reserve that also serves to document changes over time in this ecologically sensitive habitat. The students
prepare a sample of each isolated culture for cryogenic storage at -80°C. After three iterations of the course, in early
spring of 2017, 2018, and 2019, we have accumulated 377 frozen isolates from the natural reserve area. This
longitudinal data set will be a rich resource for testing ecological and evolutionary questions.

Each student extracts genomic DNA from three of their isolated cultures, amplifies the ITS/5.8S ribosomal
barcoding region via PCR, and runs the results on a gel. The procedure is unusually robust; most students get clear,
isolated bands for at least two of their strains, and often for all three. Students choose their two favorite successful
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strains and we send them out for Sanger sequencing. Students analyze the resulting sequences and try to identify
their species using online resources. Each student writes up a "yeast portfolio" detailing all the information they are
able to find about their species.

Once students have identified their species, the class pools its data. Students work in pairs to look for
patterns in the pooled data, such as associations between plant species and yeast taxa. They then write and present a
short proposal for further research to test the pattern they found.

This lab module has been developed in collaboration with Chris Hittinger at the University of Wisconsin-
Madison, whose lab developed the original protocols (Sylvester et al. 2015) and whose advice has been invaluable.
I have expanded the protocols into a 50-page lab manual that guides students through collecting, culturing,
phenotyping, isolating, freezing, DNA barcoding, and identifying their wild yeast strains. The UCSD course also
includes additional elements to situate the experiments within the process of science, such as the research proposal.

Microbial ecology is understudied, and scientists have identified a small fraction of the world's yeast
species. Over three iterations of the lab class, students have found twelve yeast strains that have good-quality
sequences but do not have species-level matches in GenBank, making them potentially novel species. We are
sharing this data with the Hittinger lab, which has the capacity to fully phenotype and formally describe new yeast
species. In addition, we are sharing our data on identified yeasts so they can be added to the database of wild yeasts
maintained by the Hittinger Lab, where they can be used by other researchers.
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