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Abstract (250 words maximum)

The DNA mismatch repair system is responsible for fixing errors in DNA complimentary base
pairing that can occur during DNA replication. It is a critical system for maintaining the
integrity of the genetic material for all organisms on earth. DNA mutations that reduce the
function of the DNA mismatch repair system lead to an increase in the overall mutation rate
and have been linked to human diseases, most notably, a variety of different cancers. The
major proteins involved in DNA mismatch repair have been identified, but those with
accessory roles have yet to be discovered. The goal of this project is to use the budding yeast,
Saccharomyces cerevisiae as a model organism for the identification novel proteins involved in
the process of mismatch repair.
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Project Description

The goal of this project is to use the budding yeast, Saccharomyces Cerevisiae to identify novel genes
that play a role in DNA mismatch repair. DNA repair mechanisms are vital to the maintenance and
integrity of the genome and are therefore highly conserved from the simplest bacteria to the complex
human being (Boiteux & Jinks-Robertson, 2013). This high level of conservation of function allows
geneticists to make use of model organisms when studying gene function. In particular, the budding
yeast has been a major contributor to our understanding of the basic processes of life (Botstein & Fink,
2011; Smith & Snyder, 2006). They are easy to manage in the laboratory, they produce many offspring
for study, and tools have been developed to manipulate in their DNA (Duina, et al., 2014). | have chosen
S. Cerevisiae as my model organism for the study of DNA repair for several reasons. First, yeast are
single-celled, eukaryotic organisms. They are grown and maintained with simple nutrients and
techniques similar to bacteria, but they have a nucleus and other cellular organelles, making them more
similar model to humans than bacteria. Second, | have significant experience working with yeast on
other projects. Third, the entire genome of S. Cerevisiae is sequenced, which facilitates the use of many
molecular techniques like the amplification of specific genes, measuring gene expression, and deleting
genes from the genome. And finally, about 10% of the genes identified by sequence analysis have no
known function (Pena-Castillo & Hughes, 2007). Recently, the National Science Foundation funded the
creation of the ORFan gene network ( http://www.yeastorfanproject.com/ ). The goal of this network is
to coordinate resources and strategies to assign functions to yeast ORFan genes. The network is an
excellent resource and will facilitate the goals of this project.

Project goals
Aim 1. Use publicly available large-scale gene expression data to identify candidate ORFan genes for

study. The National Center for Biotechnology Information (NCBI) maintains a database that s a
repository that archives and freely distributes data from high-throughput gene expression experiments.
The repository has a web-interface that allows users to upload data from published papers and query
the data for specific parameters. | have identified a research paper (Jaehnig, et at, 2013) that performed
global expression studies on yeast treated with the DNA damaging agent methyl methanesulfonate
(MMS). Genes that are altered in expression in this condition when compared to wild type would be
good candidates for genes involved in DNA repair. | will evaluate the gene expression data from this
study and identify four to five candidate genes for study.

Aim 2. Use bioinformatics tools to explore what is known about identified ORFans. As a member of the
ORFan gene network, | have access to a series of worksheets designed to assist investigators in gathering
information on a gene of interest. The worksheets explain how to access and evaluate data from about
25 different publicly available databases and bioinformatic tools. | will use these worksheets to evaluate
candidate genes identified in aim 1 and select a subset to continue with in Aim 3.

Aim 3. Establish molecular protocols to delete identified ORFan genes from the yeast wild type genome.
Protocols to delete yeast genes from the genome are well established, but have not been carried out at
UMW (Dunham, et al., 2015). | will use my expertise in other molecular techniques, my experiences at
the Yeast Genetics & Genomic course (taken in 2015), and my collaboration with the ORFan gene
network to establish the necessary protocols at UMW and create deletion mutants of the two best
ORFan gene candidates identified in Aim 2.

Aim 4. Perform experiments to confirm the wild type and deletion mutant characteristics that were
identified in large-scale screens. Using current technology, it is fairly straight-forward to alter yeast
growth conditions and determine the effect of the condition on all of the genes in the genome (Botstein




& Fink, 2011). The nature of these large-scale experiments, however, increases the possibility of false
positives. Therefore, it will necessary for me to re-create conditions and specifically test my genes of
interest to validate the results. Once the deletion mutants are created (Aim 3), specific experiments
from the high-throughput data collected in Aims 1 and 2 can be confirmed. Experiments | will include,
but will not be limited to are: (1) to treat cells with MMS and confirming changes in gene expression for
my genes of interest (Jaehnig et al., 2013), (2) to test deletion mutants for changes in fitness under DNA
damage stress (St. Onge et al., 2007), (3) to test deletion mutants for changes in timing of the cell cycle
under DNA damage stress (Zettel et al., 2003) and (4) to test deletion mutants for changes in DNA
mutation rate (Gammie & Erdeniz, 2003). The mutants that are validated by this process will be used for
future studies.

Aim 5. Develop a series of experiments to test the hypothesis that candidate genes identified by this
project play a role in DNA repair and submit a grant application to carry out the study. The last part of
this project will be to determine what experiments will be done to further study identified genes and
submit a proposal to VAS or other suitable funding agencies to carry them out.

Project significance

Errors in DNA replication can lead to changes in the DNA sequence known as a DNA mutations.
Mutations are passed to the next generation of cells during growth and development or to the next
generation of organisms during the formation of sex cells. Depending of the location of the mutation in
the genome, the consequences can range from harmless to deadly. For example, if the mutation occurs
in a gene critical for controlling the cell cycle, cells may grow out of control and cancer could develop
(Gammie & Erdeniz, 2004). One mechanism that cells have to reduce the number of mutations caused
by DNA replication errors is the mismatch repair system. Immediately following DNA replication, the
mismatch repair proteins scan the newly synthesized DNA, identify places where the DNA is not
complementary base paired with the original DNA strand, remove the mismatched region, and
synthesize a new, error free, region (Boiteux & Jinks-Robertson, 2013). There are many proteins
involved in this process, some of that are well characterized and others that may still be unknown. It is
important to note that any mutations that occur in the proteins of the mismatch repair system could
compromise the repair process and increase the overall rate of mutation and risk of disease (Jacob &
Praz, 2002). Therefore, understanding the mechanisms and the proteins involved in mismatch repair is
central to preventing the myriad of problems that can occur due to mutation.

Timeline and logistics

July and August 2018. Aims 1 and 2 will be completed. This part of the project is similar to a literature
review and | do not anticipate any problems completing this over the summer. | have no other
commitments during the summer.

September to November 2018. Aim 3 will be completed. Techniques for deleting genes from the yeast
genome are well established. While it will take some time to optimize conditions and troubleshoot
protocols, | do not anticipate any major problems completing this aim. | will have a typical UMW
teaching load over the fall semester.

November 2018 to March 2019. Work on aim 4. | will carry out as many experiments as | can to confirm
high-throughput data. It is difficult to anticipate how long this will take since | have not yet identified
genes to study. That being said, four months is a significant amount of time and | am confident that |
will gather enough data from this time period to hypothesize about genes that can be further tested for
a role in the DNA repair process.




March 2019. Aim 5 will be completed. | will use the data collected up to this point to submit a grant
proposal to the Virginia Academy of Science, or another appropriate funding source. The submission
deadline for the VAS small grant application is April 1, 2018. | will have a typical UMW teaching load
over the spring semester.

April to June 2019. Aim 4 will be completed. | will finish collecting the preliminary data from any
unfinished experiments and begin work on experiments proposed in my grant application.

Results

Presentation of preliminary results. | plan to present my experience establishing protocols for this
project along with my preliminary data at a regional or national conference. The Virginia Academy of
Science Spring Meeting (May 2019), Experimental Biology (April 2019), or the North East Regional Yeast
Meeting (June 2019) would all be appropriate venues.

VAS Small Grant Application. The main outcome of this project will be to identify one or two genes for
further study. Once identified, | will design experiments to further test the role of the genes in DNA
mismatch repair and submit a grant application for funding to carry out those experiments.

Documentation

Boiteux, S., and Jinks-Robertson, S, 2013 DNA Repair Mechanisms and the Bypass of DNA Damage in
Saccharomyces cerevisiae. Genetics, 193: 1025-1064.

Botstein, D., and Fink, G., 2011 Yeast: An Experimental Organism for the 21 Century. Genetics, 189:
695-704.

Duina, A., Miller, M., Keeney, J., 2014 Budding Yeast for Budding Geneticists: A Primer on the
Saccharomyces cerevisiae Model System. Genetics, 197: 33-48.

Dunham, M., Gartenberg, M., Brown, G., 2015 Methods in Yeast genetics and Genomics. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor NY.

Gammie, A., and Erdeniz, N., 2004 Characterization of Pathogenic Human MSH2 Missense Mutations
Using Yeast as a Model System: A Laboratory Course in Molecular Biology. Cell Biology Education,
3:31-48.

Jacob, S., and Praz, F., 2002 DNA Mismatch Repair Defects: Role in Colorectal Carcinogenesis. Biochimie,
84:27-47.

Jaehnig, E., Kuo, D., Hombauer, H., Ideker, T., and Kolodner, R., 2013 Checkpoint Kinases Regulate a
Global Network of Transcription Factors in Response to DNA Damage. Cell Reports, 4: 174-188.

Pefia-Castillo, L., and Hughes, T., 2007 Why Are There Still Over 1000 Uncharacterized Yeast Genes?
Genetics, 176: 7-14.

Smith, M., and Snyder, M. 2006. Yeast as a Model for Human Disease. Current Protocols in Human
Genetics, 48: 15.6.1-15.6.8.

St. Onge, R., Mani, R., Oh, J., Protor, M. et al., 2006 Systematic Pathway Analysis Using High-Resolution
Fitness Profiling of Combinatorial Gene Deletions. Nature Genetics, 39: 199-206.

Zettel, M., Garza,L., Cass, A., et al., 2003 The Budding Index of Saccharomyces cerevisiae Deletion
Strains Identifies Genes Important for Cell Cycle Progression. FEMS Microbiology Letters, 223:
253-258.

Budget
| am requesting division of the $4500 maximum amount between summer stipend and experiment

supplies as follows:



Summer Stipend 2500.00
Yeast culture supplies 500.00
Drug treatments 200.00
Molecular biology reagents 1300.00

Simultaneous Applications
None

Previous awards
| am on sabbatical for the fall of 2017. My sabbatical project, however, is on biology teaching & learning
and is unrelated the project proposed here.

Supporting materials submitted with grant
None




