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Inquiry-based microbiology laboratory for teaching microbial genome annotation and comparative genomics

Project applicants: Rachel Hirst (rhirst@stonehill.edu) and Katie Nolin (knolin@stonehill.edu)

Project Description:
The recent trend in science education is to promote inquiry-based and/or research-based approaches to teach
fundamental concepts in the life science curriculum. This movement is supported by the National Research Council of
the National Academies' publication BIO 2010: Transforming Undergraduate Education for Future Research Biologists.
Among the top recommendations is the need to allow students to learn how to answer scientific questions by involving
them in projects working with real data and tools reflecting how life science research is performed outside of the typical
classroom. Students engaged in the process of science are usually more invested in the outcome and are more likely to
retain the material to build upon in future course work and research experiences. 

Microbiology is an upper level biology course taken by a wide range of students including Biology, Biochemistry, and
Interdisciplinary majors and is taught by both Professors Nolin and Hirst. We propose to create and integrate a
microbial genomics multi-week module into the current microbiology lab component to provide students with relevant
hands-on experience designing and performing experiments to answer novel biological questions. This module will
consist of two parts where Part I will provide students with a set of skills necessary to complete an independent project
in Part II of the module. Part I was piloted this semester where students sequenced a specific region of an unknown
organism and compared this sequence to those of known organisms for proper identification. Student evaluations
showed that overall they valued the experience and felt it helped them master use of an online sequence alignment
database (BLAST, an online tool used by a majority of geneticists and other biologists). 

Recently, the Hirst lab sequenced the entire genome of an organism from the genus Methylobacterium. Preliminary data
suggest that this organism is a newly identified species that has yet to be completely characterized. We plan to use this
sequence data for Part II of the module where each student will be assigned a region of the genome to analyze.
Students will use the BLAST database from Part I of the module to determine its sequence homology with other known
genes. In addition, students will learn how to use at least two other databases allowing them to further characterize and
compare important protein domains and assign a potential function to the product of their assigned gene. These
technical and logic skills form the basis for modern drug development, medical genetics research and many other
applications of biological research. Because genes typically have distinct functions, each student will ask different
questions depending on his/her unique gene. The long-term goal of the lab module will be to compile all of the data



obtained by students in multiple lab sections over several semesters together to tell a cohesive story, potentially for
publication. 

Timeline:
•Summer 2013 and Fall 2013-laboratory design and development
•Summer 2013- Apply to the DOE Joint Genome Institute Education Programs-Undergraduate Research in Microbial
Genome Analysis (2013-2014 team, application deadlines not yet posted) 
•January 2014- If accepted, attend the DOE JGI Program
•Spring 2014-pilot of our microbial genomics module
•Summer 2014-compile project results and write up a manuscript for publication in a science education journal

Benefits:
Student Benefits:
Studies show that course-based approaches to research and inquiry allow educators to reach larger numbers of
students providing them with the skills and motivation to participate in other research opportunities ultimately
preparing them as future scientists. Students who participate in undergraduate research are more engaged and are
more likely to persist in Science, Technology, Engineering and Mathematics (STEM) fields. Currently at Stonehill, there
are more students who want to participate in research opportunities such as SURE than there are spots or faculty
mentors available. Incorporating faculty research into the science curriculum will provide more relevant research-based
experiences for the growing number of Stonehill STEM majors providing better overall student preparation for careers in
science.

Faculty Benefits:
The growing number of students in the STEM majors presents a challenge for science faculty because they are expected
to teach upwards of 150 students in one semester. This high-teaching load makes it difficult to make significant
progress in their research during the academic year. Incorporation of research into the course laboratory component
allows faculty to maintain an active research program while engaging many more students then would be possible in
the traditional lab setting. In addition, allowing 40+ students the opportunity to examine a newly sequenced genome
may lead to novel discoveries potentially resulting in faculty-student co-authored publications. 

Community Outreach Plans:
Professors Nolin and Hirst intend to prepare a manuscript describing the project design and results to be published in
the Journal of Microbiology and Biology Education (JMBE). They also plan to present their work at the American Society
for Microbiology Conference for Undergraduate Education (ASMCUE) in the spring of 2014 or 2015. Both members
would be willing to discuss the implementation of the lab at a Teaching Roundtable discussion with other Stonehill
faculty hoping to incorporate their own research into their courses. 

Budget (detail how you will use the funds requested)

Budget:
Stipend for work study student to catalog the biochemical and genetic profiles of all of the microorganisms to be
utilized in Part I of the lab module and to compile the recently sequenced genome into separate parts/genes that will be
utilized for individual student projects for Part II of the lab module: 8 hours/ week @ $8.25/hr for 11 weeks = $726

Laboratory supplies necessary to optimize Part I of the module:
1. NEB Phusion® High-Fidelity DNA Polymerase-$105 
2. PCR Primers (3 sets @ ~$10 each)-$30 
3. DNA sequencing (3 sequencing reactions @ $5 for all 9 microorganisms utilized- $135
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