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The Impact of Involving Undergraduates
In Research

m My experience mentoring students in research projects.

— There is no substitute for the learning gains and growth that takes
place in the lab.

m The “Vision and Change in Undergraduate Biology Education: A Call to
Action” Report emphasizes the critical importance of research
experiences.




Why Study Yeast and Beer?

Mesopotamian Beer Rations Tablet

m Beer plays an important role in society.
- Bringing people together for millennia. Mtischemiiio Sl
— The brewing industry has a significant economical impact.
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m Yeast are an important model organism. 7%*
- Yeast offer many advantages for studying gene function.
m Single celled eukaryote with a relatively simple genome. el

m Molecular tools for genetic manipulation have been developed.

Drosophila melanogaster

(bionomous.ch/articles/small-model-organisms/)



4 Main Ingredients:
Malted Grains, Water, Hops, Yeast

u (https://learning.edx.org/course/course-
reW I n % v1:KULeuvenX+BrewingX+3T2021/home)
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5 Main Steps in Brewing: L e S
Milling, Mashing, Lautering, ===
Boiling, Fermentatic=
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The Brewery: Home of a 300—Year-OId
Evolution Experiment |
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YEAST After
WARM fermentation is * Beer originating from different
complete, yeast breweries gave rise to unique styles.
* Yeast contribute to many nuanced
flavors and aromas.
* Serial re-pitching over 300 years has
What are the genetic differences between given rise to the divergence of
strains that contribute to aroma production? MUAEIEE @F el el sliElis:

(Dzialo et. al, 2017, Holt et. al. 2019)
(Gallone et. al, 2016, Gallone et. al, 2018)




Narrowing down the question

Overview of Aroma Compound Production in Yeast

isoamyl alcohol

: 1
acetyl-coA .- ‘C . .
Atf/ | coA )1 Y
- lah1

Atf2 S —an - .-
/ Acetyl-CoA \J o i R _ __ m
\cetaldehyde l \ kb g
~ l
\ | Higher Alcohols |~ <
' * (i)
H N\ —P'i
isoamyl acetate .=
a
pln eapp/e/ banana [HCAS ] —F[Phenclics] (Fatty acid esters] A \
A 1 1 \
L ()

I
1
- \ Y

Are there differences in ATF1, ATF2, or IAH1 between
strains that contribute to isoamyl acetate production?

(Dzialo et. al, 2017, Holt et. al. 2019)



** High levels of isoamyl acetate production).
* Moderate levels of isoamyl acetate. whitelabs.com)

The Experimental Approach

Yeast Strains

White Labs Code Yeast Strain Name
WLPOO1 California Ale
WLPOO7 Dry English
WLP029 German/Kolsch Ale
WLPO90 San Diego Super
WLP300 K KX HefeAle
WLP550 X Belgian Ale
WLP400 * Belgain Wit
WLP775 X English Cider
WLP500 X  Monestary Ale
WLP565 X Belgian Saison | Ale
WLPO36 Dusseldorf Alt Ale
WLP644 Saccharomyces brux-like Trois
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Determine yeast counts & Inoculate into

small-batch fermentation vessels.

isoamyl
alcohol

ol o f

DNA Sequencing

Are there genomic
differences?
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Samples collected during
fermentation and yeast and
beer are separated for analysis.

gPCR

threshold

0 10 20
Cycle

Are there differences in gene expression?

Hypothesis: Gene expression of ATF1, ATF2, and IAH1 will
impact a yeast strains’ production of isoamyl acetate.



Our initial gene expression study led to

more guestions.

mMRNA Fold Change
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We analyzed the data.

We got some unexpected results.
We questioned our approach.
We re-considered our experimental design.
We were DOING science! |

IAH1



Re-designing the Approach

Repeat, Repeat, Repeat...
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gPCR Timepoint Data Reveals Significant Hefe @ I
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Ongoing and Future Directions

m Genetically engineer yeast to decrease IAH1
expression and test to see if isoamyl acetate Knockout IAH1 using CRISPR/

production is increased. Cas-9 genome engineering

m Expand on these studies to examine more
genes and aromatics.

— Incorporate Next Generation Sequencing
(NGS) to look at the entire genome.

m Piloting a Course-Based Undergraduate
Research Experience.




The Impact of Involving Undergraduates
in Research =2 Lessons Learned

m There is no substitute for the learning gains and growth that take place than when
doing science.

— Students involved in research develop and strengthen core competencies.

m Problem-solving, critical thinking, collaboration, communication, and independent
learning/thinking/working.

m Gain confidence, a passion for science, and appreciation for the scientific method.

UN “Appreciating the scientific process can be even more important than knowing scientific
AN DCH’A;;NG | facts. People often encounter claims that something is scientifically known. If they
o CLESEEE (nderstand how science generates and assesses evidence bearing on these claims, they

A CALLTO ACTION

VISION

possess analytical methods and critical thinking skills that are relevant to a wide variety
%‘ AAAS of facts and concepts and can be used in a wide variety of contexts.”

AMERICAN ASSOCIATION FOR
THE ADVANCEMENT OF SCIENCE

—National Science Foundation, Science and Technology Indicators, 2008

m The research space is my most effective teaching grounds.



Student Collaborators!
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Cas-9 genome editing







