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The Impact of Involving Undergraduates 
in Research
■ My experience mentoring  students in research projects.

– There is no substitute for the learning gains and growth that takes 

place in the lab. 

■ 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?

■ Beer plays an important role in society.

– Bringing people together for millennia.

– The brewing industry has a significant economical impact.

■ Yeast are an important model organism.

– Yeast offer many advantages for studying gene function.

■ Single celled eukaryote with a relatively simple genome.

■ Molecular tools for genetic manipulation have been developed.

(https://www.brewersassociation.org/stat

istics-and-data/national-beer-stats/)

Mesopotamian Beer Rations Tablet
(https://www.worldhistory.org/article/222/the-hymn-to-

ninkasi-goddess-of-beer/)

10 fold increase in craft breweries since 2010.

(yeastgenomeorg)

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



Yeast’s Role in 
Brewing

4 Main Ingredients: 

Malted Grains, Water, Hops, Yeast

5 Main Steps in Brewing: 

Milling, Mashing, Lautering, 

Boiling, Fermentation

Saccharomyces 

cerevisiae

Saccharomyces 

pastorianus

(https://learning.edx.org/course/course-

v1:KULeuvenX+BrewingX+3T2021/home)



The Brewery: Home of a 300-Year-Old 
Evolution Experiment

After 

fermentation is 

complete, yeast 

are re-pitched

(Gallone et. al, 2016, Gallone et. al, 2018)

What are the genetic differences between 

strains that contribute to aroma production?
(Dzialo et. al, 2017, Holt et. al. 2019)

• Beer originating from different 

breweries gave rise to unique styles.

• Yeast contribute to many nuanced 

flavors and aromas.

• Serial re-pitching over 300 years has 

given rise to the divergence of 

hundreds of brewing yeast strains.



Narrowing down the question

Overview of Aroma Compound Production in Yeast

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

Are there differences in ATF1, ATF2, or IAH1 between 

strains that contribute to isoamyl acetate production?



The Experimental Approach
Yeast Strains Determine yeast counts & Inoculate into 

small-batch fermentation vessels.White Labs Code Yeast Strain Name

WLP001 California Ale

WLP007 Dry English

WLP029 German/Kolsch Ale

WLP090 San Diego Super

WLP300 Hefe Ale

WLP550 Belgian Ale

WLP400 Belgain Wit

WLP775 English Cider

WLP500 Monestary Ale

WLP565 Belgian Saison I Ale

WLP036 Dusseldorf Alt Ale

WLP644 Saccharomyces brux-like Trois

Samples collected during 

fermentation and yeast and 

beer are separated for analysis.
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Are there genomic 

differences?
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** High levels of isoamyl acetate production).

* Moderate levels of isoamyl acetate. (whitelabs.com)

Hypothesis: Gene expression of ATF1, ATF2, and IAH1 will 

impact a yeast strains’ production of isoamyl acetate.

Are there differences in gene expression?



Our initial gene expression study led to 
more questions. • We analyzed the data.

• We got some unexpected results.

• We questioned our approach.

• We re-considered our experimental design.

• We were DOING science!



Hefe

Belgian Saison

California

San Diego Super

Re-designing the Approach

qPCR

Collect samples every 24 hours

Repeat, Repeat, Repeat…

GC-MS

24h 48h 72h 96h Gas Chromatography-Mass Spectrometry (GC-MS)

isoamyl 

acetate



Results and Conclusions

ATF1

ATF2

IAH1

qPCR Timepoint Data Reveals Significant 

Genetic Expression Pattern Differences 

Hefe

Belgian Saison

California

San Diego Super

GC-MS Data Confirm that the 

Hefe Ale Yeast Strain Produces 

Higher Levels of Isoamyl Acetate

A strong correlation exists between the ratio of 

gene expression and isoamyl acetate production

Can we increase isoamyl acetate production by 

altering gene expression of ATF1, ATF2, or IAH1?



Ongoing and Future Directions

Knockout IAH1 using CRISPR/ 

Cas-9 genome engineering

■ Genetically engineer yeast to decrease IAH1

expression and test to see if isoamyl acetate 

production is increased.

■ Expand on these studies to examine more 

genes and aromatics.

– Incorporate Next Generation Sequencing 

(NGS) to look at the entire genome.

■ Piloting a Course-Based Undergraduate 

Research Experience.



The Impact of Involving Undergraduates 
in Research → Lessons Learned
■ 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.

■ Problem-solving, critical thinking, collaboration, communication, and independent 

learning/thinking/working. 

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

■ The research space is my most effective teaching grounds.
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